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546 INTRODUCTORY PHENOMENA.

to that produced by the contact of a cobweb. If the knuckle be held
near the tube, a peculiar crackling noise is heard, and a bright spark
passes between the tube and knuckle. The tube then has acquired
peculiar properties by the application of frietion. It is said to be
electrified, and the name of electricity is given to the agent to which
the various phenomena just described are attributed.

(lass is not the only substance which can be electrified by frietion;
the same property is possessed also by resin, sulphur, precious stones,
amber, &e. The Greek name of this last substance (fAexrpor) is the
root from which the word electricity is derived.

At first sight it appears that this property of becoming electrified
by friction is not common to all bodies; for if a bar of metal be held
in the hand and rubbed with wool, it does not acquire the properties

l::---_—_-' 'T—'“'_'_-'W

Fig, 833.—Electrification of a Aletal by Friction.

of an electrified body. But we should be wrong in concluding that
metals cannot be electrified by friction; for if the bar be fitted on to
a glass rod, and, while held by this handle, be struck with flannel or
catskin, it may be very sensibly electrified. There is therefore no
basis for the distinction formerly made between electries and non-
electries, that is, between substances capable and incapable of being
electrified by friction; for all bodies, as far as at present known, are
capable of being thus excited. There is, however, an important dif-
ference of another kind between them, which was first pointed out
by Stephen Grey in 1729.

557. Conductors and Non-conductors.—In certain bodies, such as
glass and resin, electricity does not spread itself beyond the parts of
the surface where it has been developed; while in other bodies, such
as metals, the electricity developed at any point immediately spreads
itself over the whole body. Thus, in the last-mentioned experiment,
the signs of electricity are immediately manifested at the end of the
metal bar which is farthest from the glass rod, if the end next the
rod be submitted to friction. Bodies of the former kind, such as
glass, resin, &e., are said to be mon-conductors, Metals are said to
be good conductors. A non-conductor is often called an insulator,
and a conductor supported by a non-conductor is said to be in-
sulated. The appropriateness of these expressions is evident. No
substance is perfectly non-condueting, but the difference in conduct-






048 INTRODUCTORY PHENOMENA.

electricity, as fast as it is generated, passes off through the body into
the earth.,

Air, when thoroughly dry, is an excellent insulator; and electrified
conductors exposed to it, and otherwise insulated, retain their charge
with very little diminution for a considerable time. Dampness in the
air is, however, a great obstacle to insulation, mainly, or (as it would
appear from Sir W. Thomson’s experiments) entively, by reason of the
moisture which condenses on the insulating supports. Electrical
experiments are accordingly very difficult to perform in damp wea-
ther. The difficulty is sometimes met by employing a stove to heat
the air in the neighbourhood of the supports, and thus diminish its
relative humidity. Sir W. Snow Harris employed heating-irons,
which were heated in a fire, and then fixed near the insulating sup-
ports; and thus succeeded in exhibiting electrical experiments to an
audience in the most unfavourable weather. Sir W. Thomson, by
keeping the air in the interior of his electrometers dry by means of
sulphuric acid, causes them to retain their charge with only a small
percentage of loss in twenty-four hours. Dry frosty days are the best
for electrical experiments, and next perhaps to these, is the season
of dry cutting winds in spring.

558. Duality of Electricity.—The elementary phenomena which we
have mentioned in the beginning of this chapter may be more accu-
rately studied by means of the electric pendulum, which consists of a
pith-ball suspended by a silk fibre from an insulated support. When
an electrified glass rod is brought near the insulated ball, the latter
is attracted; but as soon as it touches the glass tube, the attraction
is changed to repulsion, which lasts as long as the ball retains the
eleetricity which it has acquired by the contact. A similar experi-
ment ean be shown by employing, instead of the glass tube, any
other body which has been electrified by friction, for example, a
piece of resin which has been rubbed with flannel.

If, while the pendulum exhibits repulsion for the glass, the electri-
fied resin is brought near, it is attracted by the latter; and conversely,
when it is repelled by the resin, it is attracted by the glass. These,
phenomena clearly show that the electricity developed on the resin
is not of the same kind as that developed on the glass. They exhibit
opposite forces towards any third electrified body,eachattracting what
the other repels. They have accordingly received names which indi-
cate opposition. The electricity which glass acquires when rubbed
with silk, is ealled positive; and that which resin acquires by friction
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bodies, remain unchanged. If the sign of one only be changed, the
mutual force is simply reversed, and if the signs of both be changed,
the force is not changed at all.

560,—The simultaneous development of both kinds of electricity
is illustrated by the following experiment:—Two persons stand on
stools with glass legs, and one of them strikes the other with a cat-
skin. Both of them are now found to be electrified, the striker posi-
tively, and the person struck negatively, and from both of them
sparks may be drawn by presenting the knuckle.

The kind of electricity which a body obtains by frietion with
another body, evidently depends on the nature of their surfaces. If,
for example, we take two dises, one of glass, and the other of metal,
and, holding them by insulating handles, rub them briskly together,
we shall find that the metal becomes negatively, and the glass posi-
tively electrified; but if the metal be covered with a catskin, and
the experiment repeated, it will be the glass which will this time be
negatively electrified. In the subjoined list, the substances are ar-
ranged in such order that, generally speaking, each of them becomes
positively electrified by frietion with those which follow it, and
negatively with those which precede it.

Fur of cat. Feathers. Silke.
Polished glass, Wood, Shellae,
Woollen stuffs. Paper. Rough glass,

561. Hypotheses regarding the Nature of Electricity.—Two theories
regarding the nature of electricity must be described on account of
the historical interest attaching to them.

The two-fluid theory, originally propounded by Dufaye, reduced
to a more exact form by Symmer, and still very extensively adopted,
maintains that the opposite kinds of electricity are two fluids. Posi-
tive electricity is called the witreous fluid, and negative electricity
the resimous fluid. Fluids of like name repel, and those of unlike
name attract each other. The union of equal quantities of the two
fluids constitutes the neutral fluid which is supposed to exist in very
large quantity in all unelectrified bodies. When a body is electri-
fied, it gains an additional quantity of the one fluid, and loses an
equal quantity of the other,so that the total amount of electric fluid
in a body is never changed; and (as a consequence of this last con-
dition) when a current of either fluid traverses a body in any direc-
tion, an equal current of the other fluid traverses it in the opposite

direetion.
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This theory is in complete agreement with all electrical phenomena
so far as at present known; bub as it is conceivable that the two
electricities, instead of being two kinds of matter, may be two kinds
of motion, or, in some other way, may be opposite states of one and
the same substance, it is more philosophical to avoid the assumption
involved in speaking of two electric fluids, and to EPEflk _l"ﬂthﬂf of
two opposite electricities. They may be distinguished 1nd::|.ﬂ'f;‘fl‘'I‘Ilﬂ.'irr
by the names vitreous and resinous, or positive and ﬂegcam:'g. ;

The one-flwid theory, as originally propounded by Franklin, main-
tained the existence of only one electric fluid, which unelectrified
bodies possess in a certain normal amount. A positively electrified
body has more, and a negatively electrified body less than its normal
amount. The particles of this fluid repel one another, and a,ttrra.ct.
the particles of other kinds of matter, at all distances. Afipinus, 1n
developing this theory more accurately, found it necessary to intro-
duce the additional hypothesis that the particles of matter repel one
another, Thus, aceording to Apinus, the absence of sensible force
between two bodies in the neutral condition, is due to the equilibrium
of four forces, two of which are attractive, and the other two repul-
sive, Calling the two bodies A and B, the electricity which A pos-
sesses in normal amount, is repelled by the electricity of B, and
attracted by the matter of B. The matter of A is attracted by the
electricity of B, and repelled by the matter of B. These four forces
are all equal, and destroy one another; but, without the supplemen-
tary hypothesis of Apinus, one of the four forces is wanting, and the
equilibrium is not easily explained. To reconcile /Epinus’s addition
with the Newtonian theory of gravitation, it is necessary to suppose
that the equality between the four forees is not exact, the attractions
being greater by an infinitesimal amount than the repulsions.

The one-fluid theory in this form is, like the two-fluid theory,
consistent with the explanation of all known phenomena. But it is
to be remarked that there is no suflicient reason, except established
usage, for deciding which of the two opposite electricities should be
regarded as corresponding to an excess of the electrie fluid.

Franklin was the author of the terms positive and negative to
denote the two opposite kinds of electrification; but the names can
legitimately be retained without accepting the one-fluid theory,
understanding that opposite signs imply forces in opposite directions,
and that the connection between the positive sign and the forces
exhibited by vitreous electricity is merely conventional.












ATTRACTION AND REPULSION. Hhbd

of giving a charge to a conductor is called charging by inductil{m,
and the charge thus given is always opposite to that of the induweing
body C.

If & series of such conductors as AB be placed in line, without
contact, and the positively-electrified body C be placed opposite to
one end of the series, all the conductors will be affected in the same
manner as the single conductor in the last experiment. They will
all be charged with negative electricity at the end next C, and with
positive electricity at the remote end, the effect, however, becoming
feebler as we advance in the series. In this experiment each of the
conductors acts inductively upon those next it; for example, if there
be two conductors AB, A'B, as in Fig. 336, the development of
electricity at A’ and B’ is mainly due to the action of the positive
electricity in MB. If the conductor AB be removed, the pith-balls
at A’ and B’ will diminish their divergence.

The molecules of a body may be regarded as such a series of con-
ductors, or rather as a number of such series. When an electrified
body is brought near it, each molecule may thus become positive on
one side and negative on the other. In the case of good conductors,
this polarization is only instantaneous, being destroyed by the dis-
charge of electricity from particle to particle. Good insulators are
substances which are able to resist this tendency to discharge, and
to maintain a high degree of polarization for a great length of time.
This is Faraday’s theory of “ induction by eontiguous particles.”

564. Electrical Attraction and Repulsion.—The attraction which is
observed when an electrified is brought near to
an unelectrified body, is dependent upon in-
duction. Suppose, for instance, that a body
C, which is positively electrified, is brought
near to an insulated and uncharged pith-ball.
Negative electricity is induced on the near
side of the pith-ball, and an equal quantity of gz ss7. —FElectrical Attraction.
positive on the further side. The former, being
nearer to the body C, is more strongly attracted than the other is
repelled. The ball is therefore upon the whole attracted.

If the pith-ball, instead of being insulated, is suspended by a con-
ducting thread from a support connected with the earth, it will be
more strongly attracted than before, as it is now entirely charged
with negative electricity.

In the case of any insulated conductor, the algebraic sum of the
















560 MEASUREMENT OF ELECTRICAL FORCES.

scale runs round the outside of the large eylinder in the plane of the
needle. Finally, opposite the zero of this scale, there is a fixed ball g
of some conducting material, supported by a rod f* of shellae, which
passes through a hole in the cover of the eylindrical case.

567. Laws of Electric Repulsion.—To illustrate the mode of em-
ploying this apparatus for electrical measurements, we shall explain
the course followed by Coulomb in investigating the law according
to which electrical repulsions and attractions vary with the distance.
The index is set to the zero of the scale. The inner cylinder d is
then turned, until the movable ball just touches the fixed ball without
any torsion of the wire. The fixed ball is then taken out, placed
in communication with an electrified body, and replaced in the
apparatus. The electricity with which it is charged is commu-
nicated to the movable ball, and causes the repulsion of this latter
through a number of degrees indicated by the scale which surrounds
the case. In this position the force of repulsion is in equilibrium
with the force of torsion tending to bring back the ball to its original
position. The graduated eap b is then turned so as to oppose the
repulsion. The movable ball is thus brought nearer to the fixed
ball, and at the same time the amount of torsion in the wire is
increased. By repeating this process, we obtain a number of dif-
ferent positions in which repulsion is balanced by torsion. But
we know, from the laws of elasticity, that the force (strictly the
couple!) of torsion is proportional to the angle of torsion. Hence we
have only to compare the total amounts of torsion with the distances
of the two balls. By such comparisons Coulomb found that the force
of electrical repulsion varies inversely as the square of the distance.

The following are the actual nmumbers obtained in one of the
experiments. The original deviation of the movable ball being 36°,
it was found that, in order to reduce this distance to 18°, it was
necessary to turn the head through 126°, and, for a farther reduction
of the deviation to 85, an additional rotation through 441° was
required. It will thus be perceived that at the distances of 36°, 18°,
and 85, which may be practically considered as in the ratio of 1, 4,
and 1, the forces of repulsion were equilibrated by torsions of 36,

1 The repulsive force on the movable ball ig equivalent to an equal and parallel force
acting at the centre of the needle (the point of attachment of the wire), and a couple whose
arm is the perpendicular from this centre on the line joining the balls, This couple must
be equal to the couple of torsion. The other component produces a small deviation of the
suspending wire from the vertical.
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column is insignificant. That between the second and third is more
considerable,! but in reality only corresponds to an error of half a
degree in the measurement of the are.

569. Case of Attraction.—The law of attractions may be investigated
by a similar method. The index is set to zero, and the central piece
is turned so as to place the movable ball at a known distance from
the fixed ball. The two balls are then charged with electricity of
different kinds. The movable ball is accordingly attracted towards
the other, and settles in a position in which attraction is balanced by
torsion. By altering the amount of torsion, different positions of the
ball can be obtained. On comparing the distances with the corre-
sponding torsions, it is found that the same law holds as in the case
of repulsion. The experiment, however, is difficult, and is only pos-
sible when the balls are very feebly electrified. To prevent the
contact of the two balls, Coulomb fixed a silk thread in the instru-
ment, so as to stop the course of the movable ball.

570. Law of Attraction and Repulsion as depending on Amount of
Charge.—We may assume as evident, that when an electrified ball
is placed in eontact with a precisely equal and similar ball, the charge
will be divided equally between them, so that the first will retain
only half the charge which it had before contact.

Suppose that an observation on repulsion has just been made with
the torsion-balance, and that we touch the fixed ball with another
exactly equal insulated ball, which we then remove. It will be
found that the amount of torsion requisite for keeping the movable
ball in its observed position is just half what it was before. The

! We have already seen that the mutual induction of two eonductors tends to diminish
their mutnal repulsion, and that this inductive action becomes more important as the distance
is diminished. Hence the repulsion at distance 9 should be lezs than a quarter of that at
distance 18. The apparent error thus confirms the law.

Many persons have adduced, as tending to overthrow Clonlomb's law of inverse squares,
experimental results which really confirm it. Except when the dimensions of the charged
bodies are very small in comparison with the distance, the observed attraction or repulsion
is the resultant of an infinite number of forces acting along lines drawn from the different
points of the one body to the different points of the other. The law of inverse squares
applies directly to these several components, and not to the resultant which they yield. The
latter can only be eomputed by elaborate mathematieal processes, 4

It is incorrectly assumed in the text that the law ought to apply directly to two spheres,
when by their distance we understand the distance between their nearest points. 1t isnot
ohvious that the distance of the nearest points should give a better result than the distance

between the centres. o
The strongest evidenee for the rigorous exactness of the law of inverse squares is indirect ;

see § 074,
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direct demonstration is afforded by the following experiment of
Biot:— ;

We take an insulated sphere of metal, charge it with electricity,
and cover it with two hemispheres furnished with insulating handles,
which fit the sphere exactly (Fig. 341). If the two hemispheres be
quickly removed, and presented to an electric pendulum, they will
be found to be electrified, while the sphere itself will show hardly
any traces of electricity. We must, however, remark that this
experiment is rarely successful, and that generally the sphere remains
very sensibly electrified. The reason of this is, that it is very difficult
to remove the hemispheres so steadily, as not to permit their edges
to touch the sphere after the first separation.

The following is a much surer form of the experiment:—

A hollow insulated sphere, with an orifice in the top, is charged
with electricity (Fig.
342). A proof-plane,
consisting of a small
dise of gilt paper insu-
lated by a thin handle
of shellae, is then ap-
plied to the interior
surface of the sphere,
and, when tested by
an electric pendulum
or an electroscope, is
found to exhibit no
trace of electricity. But
if, on the contrary, the
disc be applied to the
external surface of the
sphere, it will be found
to be electrified, and
capable of attracting

Fig. 842.—Proof-plane and Hollow Sphere. light' bodies. Farada'}'

varied thisexperiment,

by substituting a eylinder of wire-gauze for the sphere. This cylinder

rested on an insulated disc of metal. The disc was charged with

electricity, and it was found that no trace of the electricity could be

detected by applying the proof-plane to the interior surface of the
eylinder.
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The following experiment is also due to Faraday. . A .meta,l ring
is fixed upon an insulating stand (Fig. 343). To this ring is &tta:cl.led
o cone-shaped bag of fine linen, which is a conductor of electricity.
A silk thread, attached to the apex of the cone, and extending both

Fig. 348. —Faraday's Experiment.

ways, enables the operator to turn the bag inside out as often as
required, without discharging it. When the bag is electrified, the
application of the proof-plane always shows that there is electricity
on the outer, but not on the inner surface. When the bag is turned
inside out, the electricity therefore passes from one surface of the
linen to the other.

572. Limitations of the Rule—There are two exceptions to the
rule that electricity is confined to the external surface of a conductor,

1. It does not hold for electric currents. We shall see hereafter in
connection with galvanic electricity, that the resistance which a wire
of given length opposes to the passage of electricity through it,
depends not upon its circumference but upon its sectional area. A
hollow wire will not conduet electricity so well as a solid wire of the
same external diameter, ;

2. Electricity may be induced on the inner surface of a hollow
conductor by the presence of an electrified body insulated from the
conductor itself. If an insulated body charged with electricity be
introduced into the interior of a hollow eonductor, so as to be com-
pletely surrounded by it, but still insulated from it, it induces upon
the inner surface a quantity equal to its own charge, but of opposite
sign. If the conductor is insulated, an equal quantity, but of the same
sign as the charge of the inclosed body, is repelled to the outside, and
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He then employed four ice-pails (Fig. 345), arranged one within
the other, the smallest innermost, insulated from each other by plates
of shellac at the bottom, the outermost pail being connected with the
electroscope. When the charged carrier-
ball C was introduced within the innermost
pail, and lowered until it touched the bot-
tom, the electrometer gave precisely the
same indications as when the outermost
pail was employed alone. When the inner-
most was lifted out by a silk thread after
being touched by C, the gold-leaves col- 1
lapsed perfectly. When it was introduced
again, they opened out to the same extent
as before. When 4 and 3 were connected
by a wire let down between them by a silk @
thread, the leaves remained unchanged, and
so they still remained when 3 and 2 were
connected, and finally when all four pails
were connected.

574. No Force within a Conductor.— \
When a hollow econduector is electrified,
however strongly, no effect is produced
upon pith-balls, gold-leaves, or any other
electroscopic apparatus in the interior, whether connected with the
hollow conductor, or insulated from it, provided, in the latter case,
that they have no communieation with bodies external to the hollow
conductor. Faraday construeted a cubical box, measuring 12 feet
each way, covered externally with copper wire and tin-foil, and insu-
lated from the earth. He charged this box very strongly by outside
communication with a powerful electrical machine; but a gold-leaf
electrometer within showed no effect. He says, “1 went into the
cube and lived in it, using lighted candles, electrometers, and all other
tests of electrical states. T could not find the least influence upon
them, or indication of anything particular given by them, though all
the time the outside of the cube was powerfully charged, and large
sparks and brushes were darting off from every part of its outer
surface.”

The fact that electricity resides only on the external surface of a
conduetor, ecombined with the fact that there is no electrical force in
the space inclosed by this surface, affords a rigorous proof of the law

(1]

Fig. 345, —Experiment with Four
Ice-pails.
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of inverse squares. For if the conductor be a sphere removed from
the influence of external bodies, its charge must be distributed
uniformly over its surface. Now it admits of proof, and is well
known to mathematicians, that a uniform spherical shell exerts no
attraction at any point of the interior space, if the law of attraction
be that of inverse squares, and that the internal attraction does not
vanish for any other law.

575. Electrical Density and Distribution.—When the proof-plane
is applied to different parts of the surface of a conduetor, the quan-
tities of electricity which it carries off are not usually equal. But
the electricity carried off by the proof-plane is simply the electricity
which resided on the part of the surface covered by it, for the proof-
plane during the time of its contact is virtually part of the surface
of the conductor. We must therefore conclude that equal areas on
different parts of the surface of a conductor have not equal amounts
of electricity upon them. It is also found that if the charge of the
conductor be varied, the electricity resident upon any specified
portion of the surface is changed in the same ratio. The ratio of the
quantities of electricity on two specified portions of the surface is in
fact independent of the charge, and depends only on the form of the
conductor. This is expressed by saying that disiribufion is inde-
pendent of charge, and that the distribution of electricity on the
surface of a conductor depends on its form.

By the awverage electrical density on the whole or any specified
portion of the surface of a conductor, is meant the quantity of elec-
tricity upon it, divided by its area. By the electrical density at a
specified poimt on the surface of a conductor, is meant the average
electrical density on an exceedingly small area surrounding if, in
other words, the quantity of electricity per wnit area at the point.
The name is appropriate, from the analogy of ordinary material
density, which is mass per unit volume, and is not intended to imply
any hypothesis as to the nature of electricity. The name was intro-
duced by Coulomb, who first investigated the subjeet in question,
and is generally employed by the best electricians in this country.
The term thickness of electrical stratwm, which was introduced by
Poisson, is much used in France, but is more open to objection from
the coarse assumptions which it seems to involve.

The following are some of Coulomb’s results. The dotted line in
each of the figures is intended to represent, by its distance from the
outline of the conductor, the electric density at each point of the
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latter. In all cases it is to be understood that the conduetor is so
far removed from external bodies as not to be influenced by them:—
1. Sphere (Fig. 346). The electric density is the same for all
points on the surface of a spherical conductor.
2. Ellipsoid (Fig. 347). The density is greatest at the ends of the

7=
S ——

Fiz. 846.—Distribution on 8phere. Fig. 847, —Diatribution on Ellipsoid.

longest, and least at the ends of the shortest axis; and the densities
at these points are simply proportional to the axes themselves.'

3. Flat Disc (Fig. 348). The density is almost inappreciable over
the whole of both faces, except close to the edges, where it increases
almost per saltum.

4, Cylinder with Hemispherical Ends (Fig. 343) The density is

Fig. 848 —Distribution on Disc, Fig. 840, —Distribution on Cylinder with ronnded ends.

a minimum, and nearly uniform, at parts remote from the ends, and
attains a maximum at the ends. The ratio of the density at the ends
to that at the sides increases as the radius of the eylinder diminishes,
the length of the eylinder remaining the same.

5. Spheres in Contact—In the case of equal splmres the charge,
which is nothing at the point of contact, and very feeble up to 30°
from that point, increases very rapidly from 30° to 60° less rapidly
from 60° to 90°, and almost insensibly from 90° to 180°. When the
spheres are of unequal size, the charge at any point on the smaller

* More generally, the density at any point on the surface of an ellipsoid is proportional
to the length of a perpendicular from the centre of the ellipsoid on a tangent plane at the
point.

If an ellipsoid, similar and nearly equal to the given one, be placed so that the corre-
sponding axes of the two are coincident, we shall have a thin ellipsoidal shell, whose thiclk-
ness at any point exactly represents the electric density at that point.

Such a shell, if composed of homogeneous matter attracting inversely as the square of
the distance, would exercise no force at points in its interior.
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sphere is greater than at the corresponding point on the larger one;
and as the smaller sphere is continually diminished, the other
remaining the same, the ratio of the densities at the extremities of
the line of centres tends to become 2: 1.

576. Method of Experiment.—The preceding results were obtained
by Coulomb in the following manner. He touched the electrified
body at a known point with the proof-plane, and then put the plane
in the place of the fixed ball of the torsion-balance, the movable
ball having previously been charged with electricity of the same
sign. Repulsion was thus produced, and the amount of torsion
necessary to keep the balls at a certain distance asunder was observed.
He then repeated the experiment with electricity taken from a dif-
ferent point of the body under examination, and the ratio of the
densities at the two points was given by the ratio of the forsions
necessary to leep the balls at the same distance.

By way of checking the accuracy of this mode of experimentation
Coulomb electrified an insulated sphere, and measured the electric
density on its surface by the method described above. He then
touched the sphere with another precisely equal sphere, and on again
applying the proof-plane he found that the charge carried off by the
plane was just half what it had been before.

57%. Alternate Contact— The above experiments naturally require
some time, during which the body under investigation is aradually
losing its charge. The consequence Is, that the densities indicated
by the balance, if taken singly, do mot correctly represent the
electric distribution. This source of exrror was avoided by Coulomb
in the following manner. He touched two points on the body suc-
cessively, and determ’ned the electric density at each; and then, after
an interval equal to that between the two experiments, he touched
the first point again, and obtained a second measure of its density,
which was less than the first, on account of the dissipation of elec-
tricity. If the densities thus observed be denoted by A and A, and

the density observed at the second point by B, it is evident that % is

greater, and %' less than the ratio required. Coulomb adopted, as

. . . + A
the correct value, their arithmetic mean § “T-,

5v8. Power of Points.—The distribution of electricity on a con-
ductor of any form may be roughly described, by saying that the
density is greatest on those parts of the surface which project most,
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or which have the sharpest convexity, and that in depressions or
concavities it is small or altogether insensible. Theory shows that
at a perfectly sharp edge, such, for example, as is formed by two
planes meeting at any angle however obtuse, but nof rounded off
the density must be infinite, and « fortior¢ it must be infinite at a
perfectly sharp point, for example at the apex of a cone, however
obtuse, if mot rounded off. Practically, the points and edges of
bodies are always rounded off; the microscope shows them merely as
places of very sharp convexity (that is, of very small radius of curva-
ture), and hence the electric density at those places is really finite;
but it is exceedingly great in comparison with the density at other
parts, and this is especially true of very acute points, such as the
point of a fine needle. The consequence is, that if a pointed con-
ductor is insulated and charged, the concentration of a large
amount of repulsive force within an exceedingly small area pro-
duces very rapid escape of electricity at the points. Conductors
intended to retain a charge of electricity must have no points or
edges, and must be very smooth. If of considerable length in
proportion to their breadth, they are usually made to terminate in
large knobs.

579. Dissipation of Charge—When an insulated conductor is
charged and left to itself, its charge is gradually dissipated, and at
length completely disappears. This loss takes place partly through
the supports, and partly through the air.

As regards the supports, the loss occurs chiefly at their surface,
especially if (as is usually the case) they are not perfectly dry. It is
diminished by diminishing their perimeter, and by increasing their
length; for example, a long fibre of glass or raw silk is an excellent
insulator.

As regards the air, we must distinguish between eonduetion and
convection. Very hot air and highly rarefied air probably act as
conductors; but air in the ordinary condition acts chiefly by con-
tact and convection. Successive layers of air become electrified
by contact with the conductor, and are then repelled, carrying
off the electricity which they have acquired. It is by an action
of this kind that electricity escapes into the air from points, as is
proved by the wind which passes off from them (§ 598). Particles
of dust present in the air, in like manner, act as carriers, being
attracted to the conductor, charged by contact with it, and then
repelled. They also frequently adhere by one end to the conductor,
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and defective, was nevertheless long used for want of a better, though
many attempts were made to replace it by the use of rubbers i}f.
leather, stuffed with hair, and pressed against the globe by means of
regulating serews. The shape of the globe rendered thfa use :::t: these
very difficult, and it was not until a eylinder was substituted for the
globe that they were generally adopted. :

581. Ramsden’s Machine—The kind of machine most commonly
employed at present is the plate-machine, inventegl by Ramsden about
1768, and only slightly changed and improved since. |

The most usual form of this machine is shown in Fig. 351. It

Fig. 351.—Ramsden's Electrical Machine.

has a circular plate of glass, which turns on an axis supported by
two wooden uprights. On each side of the plate, at the upper and
lower parts of the uprights, are two cushions, which act as rubbers
when the plate is turned. In front of the plate are two metallic
conductors supported on glass legs, and terminating in branches
which are bent round the plate at the middle of its height, and are
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studded with points projecting towards it. The plate becomes
charged with positive electricity by friction against the cushions,
and gives off its electricity through the points to the two conductors,
or, what amounts to the same thing, the conductors give off negative
electricity through the points to the positively-electrified plate. In
order to avoid loss of electricity from that portion of the plate which
is passing from the cushions to the points, sector-shaped pieces of
oiled silk are placed so as to cover it on both sides. The cushions
become negatively electrified by the friction; and the machine will
not continue working unless this negative electricity is allowed to
escape. The cushions are accordingly connected with the earth by
means of metal plates let into their supports.

582. Limit of Charge.—As the conductors become more highly
charged, they lose electri¢ity to the air more rapidly, and a time soon
arrives when they lose electricity as fast as they receive it from the
plate. After this, if the machine continues to be worked uniformly,
their charge remains nearly constant. This limiting amount of
charge depends very much upon the condition of the air; and in
damp weather the machine often refuses to work unless special means
are employed to keep it dry.

The rubbers are covered with a metallic preparation, of which
several different kinds are employed. Sometimes it is the compound
called aurwm musivwm (bisulphide of tin), but more frequently an
amalgam. Kienmeier's amalgam consists of one part of zine, one of
tin, and two of mercury. The amalgam
is mixed with grease to make it adhere
to the leather or silk which forms the
face of the cushion.

Before using the machine, the glass
_____ legs which support the conductors

& should be wiped with a warm dry
cloth. The plate must also be cleaned

Fig. 352 —Quadrant Electrozcope. from any dust or pﬂrtiﬂns of a'"m‘lgﬂ’m

which may adhere to it, and lastly,

dried with a hot cloth or paper. When these precautions are taken

the machine, if standing near a fire, will always work; but the

charging of Leyden jars, and especially of batteries, may be rendered
impossible by bad weather.

The variations of charge are indicated by the quadrant electroscope
(Fig. 352), which is attached to one of the conductors. It consists
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of an upright conducting stem, supporting a quadrant, or more com-
monly a semicircle, of ivory, at whose centre a light needle of ivory
is jointed, carrying a pith-ball at its end. When there is no charge
in the conductor, this pendulum hangs vertically, and as the charge
increases 1t 18 repelled further and further from the stem. In damp
weather it will be observed to return to the vertical position almost
immediately on ceasing to turn the machine, while in very favour-
able circumstances its gives a sensible indication of charge after two
or three minutes.

083. Nairne’s Machine.—Ramsden’s machine furnishes only positive
electricity. In order to obtain negative electricity, it is necessary to

Fig. 353 —Nairne's Electrical Machine,

insulate the cushions from the ground, and to place them in com-
munication with an insulated conductor. An arrangement of this
kind is adopted in Nairne’s machine,

In this machine a large cylinder of glass revolves between two
separately insulated conductors. One of these has a row of points
projecting towards the glass, and eollects positive electricity. The
other is connected with the rubber, and collects negative. If one
kind of electricity only is required, the conductor which furnishes
the other must be connected with the ground.

584. Winter's Machine.—Winter, of Vienna, has introduced some
modifications in Ramsden's machine,

37
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Instead of four cushions, there are, as will be seen by the figure
(Fig. 354), only two, which are in communication with a spherical
conductor, supported on a glass pillar. This may be used to collect
negative electricity, in the same way as the negative conductor in
Nairne'’s machine. The chief or positive conductor consists of an
insulatea sphere, on the top of which is often another sphere of
smaller size. The positive electricity is collected from the plate by

Fig. 954.— Winter's Electrical Machine,

means of two rings opposite to each other, one on each side of the
plate. On the side next the plate, they have a groove, which is lined
with metal, and studded with points. They are supported by an arm
which is inserted in the positive conductor. The size ot the positive
conductor is often increased by the addition of a very large ring
(3 or 4 feet in diameter) which is supported on the top of the large
sphere. The ring consists of very stout brass wire inclosed in well-
polished mahogany.

Winter's machine appears to give longer sparks than the ordinary
machine under the same circumstances, This ecircumstance is owing,
partly at least, to the considerable distance between the rubber and
the positive conductor, which prevents the occurrence of discharges
between thern.
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585. Hydro-electric Machine.—About the year 15840, Mr. {_m.}w Sir)
W. Armstrong invented an electric machine, in which E‘Iectnmty was
generated by the friction of steam against the sides of orifices, !;hmugh
Shidh b oo i escape under high pressure. It consists of a

'l e e
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Fig. 365. —Armstrong’s Hydro-electric Machine.

boiler with the fire inside, supported on four glass legs. The steam,
before escaping, passes through a number of tubes which traverse a
cooling-box containing water, into which dip meshes of cotton, which
are led over the tubes, and passed round them. The cooling thus
produced in the tubes, causes partial condensation of the steam. This
has been found to be an indispensable condition, the friction of per-



530 ELECTRICAL MACHINES,

fectly dry steam being quite inoperative. Speaking strictly, it is the
friction of the drops of water against the sides of the orifice, which
generates the electricity, and the steam merely furnishes the means
of applying the friction. The jet of steam is positively, and the
boiler negatively electrified. The positive electricity is collected by
directing the jet of steam upon a metal comb communicating with
an insulated conductor.

The form of the outlet by which the steam escapes is shown in
Kig. 356, The steam is checked in its course by a tongue of metal,
round which it has to pass, before it can enter the wooden tube
through which it escapes into the air. This machine, in order to
work well, requires a pressure of several atmospheres. The water in
the boiler should be distilled water. If a saline solution be intro-
duced into the tube through which the steam
escapes, all traces of electricity immediately
disappear. The generation of electricity
varies, both in sign and degree, according to
the substance of which the escape-tube is

Fig. 856.—Outlet of Steam. composed, and according to the liquid whose

particles are carried out by the steam. Thus,
when a small quantity of oil of turpentine is introduced into the jet
of steam, the boiler becomes positively, and the steam negatively
electrified.

The hydro-electric machine is exceedingly powerful. At the
Polytechnic Institution in London, there was one with a boiler
78 inches long and 42 in diameter, and with 46 jets. Sparks were
obtained from the conductor at the distance of 22 inches. The
machine is, however, very inconvenient to manage. A long time 1s
required to get up the requisite pressure of steam. The boiler must
be carefully washed with a solution of potash, after each occasion of
its use; and, finally, the working of the machine is necessarily accom-
panied by the disengagement of an enormous quantity of steam,
which, besides causing a deafening noise, has the mischievous effect
of covering with moisture everything within reach. Accordingly,
though very interesting in itself, it is by no means adapted to the
general purposes of an electrical machine.

586. Holtz's Machine.—In the machines just described, electricity
is produced by the friction of one substance against another. Quite
recently, several machines have been invented of quite a different
kind, in which a body is electrified once for all, and made to act by
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induction upon a movable system, in such a way as to produce a
continual generation of electricity. The most successful of these is
that invented by Holtz of Berlin in 1865.

It contains two thin circular plates of glass, one of which, A, is
fixed, while the other, B, which is rather smaller, can be made to
revolve very near it. In the fixed plate there are two large openings
called windows near the extremities of its horizontal diameter.

Fig. 857.—Holtz's Electrical Machina,

Adj.la-.cent. to these are glued two paper bands or armatures ff, each
ha,j.rmg a sharp tongue of card projecting through the window, and
pointing the opposite way to that in which the revolving plate turns,
Two rows of brass points, P, P’ are placed opposite the armatures, on
the other side of the revolving plate, and are connected with two
insulated conductors terminating in the knobs m, m, which may be
called the poles or electrodes of the machine. These knobs can be
set ab any distance asunder. In starting the machine, they are
placed in contact, and one of the armatures, suppose f, is electrified
by holding against it an excited sheet of vuleanite, or by leading to
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it a wire from the conductor of a frictional machine. A peculiar
sizzling sound is almost immediately heard, and the knobs may then
be separated to a gradually increasing distance, brilliant discharge all
the time taking place between them. In the cireumstances sup-
posed, the knob @ is the negative, and the knob m the posi-
tive electrode. The best machines are made double, having two
revolving plates, with two fixed plates between them. The Holtz
machine, when well made, far surpasses the frictional machine 1n
POWEL.

Its action is as follows:—The negative electricity of the arma-
ture f, acting inductively on the opposed conductor, from which it
is separated by the revolving plate, causes this conductor to discharge
positive electricity, through its points, upon the face of the plate, and
thus to acquire a negative charge; when the part of the plate which
has been thus affected comes opposite the tongue of the other arma-
ture, the latter is affected inductively, and discharges negative elec-
tricity upon the back of the plate, thus becoming itself positively
electrified. Positive electricity from the front of the plate is imme-
diately afterwards given off to the points P’, an equal quantity of
negative being of course discharged, from the conductor to which
they belong, upon the face of the plate. In the subsequent stages
of the process, the negative electricity thus discharged upon the face
of the plate exceeds the positive which was previously there, so that
the face of the plate passes on with a negative charge. When the por-
tion of the plate which we are considering again comes opposite J, it
increases the megative electrification both of the armature and the
conductor, inasmuch as it has more of negative or less of positive elec-
tricity upon both its surfaces than it had when it last moved away
from that position. Both armatures thus become more and more
strongly electrified, until a limit is attained which depends on the
goodness of the insulation; and as the electrification of the armatures
increases, the conductors also become more powerfully affected, and
are able to discharge to each other by the knobs mn at a continually
increasing distance.

587. Electrophorus.—When electricity is required in comparatively
small quantities, it is readily supplied by the simple apparatus called
the electrophorus. This consists (Fig. 358) of a disc of resin, or some
other material easily excited by friction, and of a polished metal disc
B with an insulating handle CD. The resin dise is electrified by
striking or rubbing 1t with catskin or flannel, and the metal plate is
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then laid upon it. In these circumstances the upper plate does not
receive a direct charge from the lower, but, if touched with the
finger (to connect it with the earth),

receives an opposite charge by induetion. "ﬁ
On lifting it away by its insulating
handle, it is found to be charged, and
will give a spark. It may then be re-
placed on the lower plate (touching it
at the same time with the finger), and
the process repeated an indefinite num- o
ber of times, without any fresh excita- & 8¢
tion, if the weather is favourable.

The resinous plate has usually a base Fig. 358.—Elsctrophorus.
or sole of metal, which is in conneetion
with the earth while the electrophorus is being worked. When
the cover receives its positive charge on being connected with the
earth, the sole at the same time receives from the earth a negative
charge, and as the cover is gradually lifted this negative charge
gradually returns to the earth.

The most convenient form of the electrophorus is that of Professor
Phillips, in which the cover, when placed upon the resinous plate,
comes into metallic connection with the metal plate below. That
this arrangement is allowable is evident, when we reflect that,
when the upper plate is touched with the finger, it is in fact
connected with the lower plate, since
both are conneeted with the earth; and !
it effects a great saving of time when "
many sparks are required in quick suc-
cession, for the cover may be raised
and lowered as fast as we please, coming
alternately into contact with the resin-
ous plate and the body which we wish
to charge.

588. Bertsch's Electrical Machine—
A machine which has been called a
rotatory electrophorus has recently been invented by Bertsch, and
is represented in Fig. 860. A circular plate of ebonite D ecan be
made to revolve rapidly. A sector of the same material (Fig. 359),
previously excited by friction, is fixed opposite the lower portion
of the plate; and on the other side, immediately opposite to this, is

Fig. 850.—Electrified Sector.
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a metallic comb N forming the extremity of a conductor connected
with the earth. At the upper part is another comb M connected
with the conductor A. Under the influence of the electrified sector,
the conductor C discharges positive electricity on the plate through
the comb N. In passing the comb M, a portion of this electricity is

Fig. 8680.—PBertsch's Electrical Machine.

collected by the points, and charges the conductor A. The effect is
increased by connecting A with another conductor E of very large

dimensions.
This machine differs from that of Holtz in furnishing no means for

increasing, or even sustaining, the charge of the armature. In this
respect it resembles the ordinary electrophorus.
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tinual erackling which
accompanies them, is
very impressive, and fur-
nished an inexhaustible
subject of ecuriosity to
the electricians of last
century.

It i1s probable that
the passage of a spark is
always preceded by a
very high degree of polar
tension in all the par-
ticles of air in and about
its track, and that the
spark occurs when this
tension anywhere ex-
ceeds what the particles
are able to bear. The
frequent crookedness of
the spark is perhaps due
to the presence of con-
ducting particles of dust,
which serve as step-
ping stones, and render
a crooked course the
easiest.

591. Duration of the
Spark.—We can form
no judgment of the
duration of the electric
spark from what we see
with the unaided eye; for
IMPressions made upon
the retina remain un-
effaced for something
like 1le of a second, and

the duration of the spark
18 i[IL'[’:"IH]JJll"F_'LI'I].‘t.' less than
this. Wheatstone, in a

viz 86l —Spark with Ramifications
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classical experiment, succeeded in measuring its duration by means
of a revolving mirror; an expedient which has sinee been employed
with great advantage in many other researches, especially 1n deter-
mining the velocity of light.

Let mn (Fig. 362) be a mirror revolving with great velocity
alout an axis passing throu gh ¢, and suppose that, during the rota-
tion, an electric spark is prun;hw.m_l at a. An eye stationed at o
will see an image in the sym-
metrical position a’. If the spark
is strictly instantaneous, its im-
age will be seen as a laminous
point at @, notwithstanding the
rotation of the mirror; but if it
has a finite duration, the image
will move from a to a”, while the
mirror moves from eée’ to ¢t the
latter being its position when the
spark ceases. What is actually
seen in the mir or will therefore
not be a point, but a luminous
track o' a”.

The length of this image will
be double of the are et; for the
angle ect at the centre is equal to Fig. 362 —Duration of Spark.
the angle @ @a” at the ecircum-
ference, the sides of the one being perpendicular to those of the other.
[n Wheatstone’s experiment, the mirror made S00 turns in a second,

and the image @’ a” was an arc of 24°; the mirror therefore turned

i -.l L) - - L

through 12°, or 5, of a revolution, while the spark lasted. The dura-
i

. 1 :
that is, ——— of a second.

: : S e S
tion of the spark was therefore =5 of e
24000

20 ann?
3y examining the brush in the same way, Wheatstone found it to
consist of a succession of sparks.

592. Spark in Rarefied Gases.— The appearance of the spark i1s
greatly modified by ravefying the air in which it is taken. To show
this, an apparatus is employed which is called the electric egg (Fig. 863).
Tt is an oval glass vessel, which can be exhausted by means of a stop-
cock at its lower end. Its upper end is closed by a cap, in which
slides a brass rod terminated by a knob, which can be adjusted to any
distance from another knob connected with a cap at the lower end.
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When the egg contains air at atmospheric pressure, a spark passes
in the ordinary way between the two knobs; but, as the pressure is
diminished, the aspect of the spark changes. At a pressure of six

- ] ¥ L & 9
centimetres of mereury (i of an atmosphere), a sort of ramified sheaf

proceeds from the positive knob, some of the rays terminating at a

Fig. 368 —Electric Egz. Fig. 304.—Spark in Earefled Air.

small distance from their origin, while others extend to the negative
knob. The latter 1s surrounded with a violet glow; the rays are
also violet, but with a reddish tinge. The light at the positive knob
is of a reddish purple.

As the pressure is gradually reduced to a few millimetres, the rays
become less distinet, and finally coalesce into an oval cloud of pale
violet light, extending from one knob to the other, with a reddish
tint at the positive and a deep violet at the negative end.

[n performing this experiment with the ordinary electrical machine,
the npper knob is connected with the conductor, and the lower one

R
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with the ground. Holtz's machine can be very advantageously
employed in experiments of this kind, its two poles being connected
with the two knobs.

When, instead of the electric egg, we employ a long tube, such as
is employed for showing the fall of bodies in vacuo, the whole length
of the tube is filled with violet light, which exhibits continual flicker-
ing, and suggests the idea of undulations travelling in the same
direction as the positive electricity. In all these experiments, as we
diminish the density of the air, we diminish the resistance to dis-
charge, and at the same time diminish the intrinsic brightness of the
spark.

In the Torricellian vacuum, electric discharge is accompanied by a
perceptible though very feeble luminoesity, as may be shown by an
arrangement due to Cavendish, and
represented in Fig. 365. Two
barometrie tubes, united at the top,
are plunged in two cups of mer-
cury. The mercury in one cup is
connected with the conductor of the
machine, while that in the other 1s
connected with the earth. In these
circumstances, the vacuum-space Is
filled with luminosity, which is
brighter as the temperature 1is
higher, probably on account of the
greater density of the mercurial
vapour which serves as the medium
of discharge.

The experiments of Gassiot and
others have shown that electricity
traverses a space occupied by a
gas with continually increasing e :
i‘a.f:'l]'lt.}' as the df:n:'-;ii,:; r_}f t.]m oas Fig. 385. —Discharge in Torricellian Vacuunw

is diminished, until a certain limit
is attained; but that when special means are employed to render the
vacuum as nearly perfect as possible, this limit can be exceeded, and
the resistance may increase so much as to prevent discharge.

This latter point is illustrated by the apparatus represented in Fig.
366, which is constructed by Alvergniat. T is a tube which has been
exhausted as completely as possible by a Geissler's pump. It has
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then been heated, and maintained for some time near the tempera-
ture of fusion of glass, in order to produce absorption of the remain-
ing air. Two platinum wires have been previously sealed in the ends

of the tube, and approach within 11—0 of a millimetre of each other.

The two poles of a Holtz's machine are connected with the binding-
serews B and B’, which
are 1n communication
with these two wires,
and also with two rods
whose extremities pp'
are at a moderate strik-
ing distance from each
other in air. As long
as the machine works,
sparks pass between
these latter, while, in
spite of the very much
closer proximity of the
platinum wires, no lu-
minoeity is perceptible
between them. Instead
of being placed a small
distance apart in air, p
and p’ may be fitted
into the ends of a tube
Fig. m.—Hw-dcnﬁuuthih’ of Perfect Vacuum. of considerable length
containing rarefied air.
It will be found that discharge can take place at greater distance as
the air is more rarefied, till we attain a limit far beyond the reach
of ordinary air-pumps.

593. Colour of the Spark.—The colour of the spark or other lumin-
ous discharge depends partly on the material of the conductors
between which it passes, and partly on the gaseous medium which
it traverses. The former influence predominates when the spark is
strong, the latter when it is weak. The effect of the metal seems to
depend upon the vaporization of a portion of it, for, on examining the
spark by the spectroscope, bright lines are seen which are known to
indicate the presence of metallic vapour. For studying the effect of
the gaseous medium, the discharge is taken between two platinum
wires sealed into the ends of glass tubes, containing the gases in a
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rarefied condition (Fig. 367). The wires are connected either with
the poles of a Holtz's machine, or of a Ruhmkorft’s coil, which we
shall describe in Chap. lix. It is found that the eolour in air or
oxygen is white with a tinge of blue, in nitrogen blue, in hydrogen
red, and in carbonic acid green,

594. Multiplication of the Electric Spark.—The old electricians
contrived several pieces of apparatus for multiplying the electric
spark. The principle of all is the same.
Small squares of tin-foil are arranged in
series at a small distance from each other
on an insulating surface. The first of the
series is connected with a metallic knob
which can be brought near the electrieal A
machine; and the last of them is connected - x
with another knob which is in communi- ‘

|
|

cation with the earth. By allowing a dis-
charge to pass through the series, sparks can

be simultaneously obtained at all the mter- !
vals between the successive squares.

In the spangled tube (Fig. 368) the \
squares of tin-foil are arranged spirally
along a cylindrical glass tube which has a []
brass cap at each end. One cap is put in |
communication with the machine, and the
other with the earth.

Sometimes a glass globe is substituted
for the cylinder. We have thus the spangled
globe (Fig. 369).

In the sparkling pane a long strip of
tin-foil is disposed in one continuous erooked
line (consisting of parallel strips connected pig s —Tuve
at alternate ends) from a knob at the top frgerefed M 85

: pangled Tube,
to another knob at the bottom of the pane.
A pattern is then traced by scratching away the tin-foil in numerous
places with a point, and when the spark passes, it is seen at all
these places, so as to render the pattern luminous (Fig. 370).

595. Physiological Effects of the Spark: Electric Shock.—When a
strong spark is drawn by presenting the hand to the conductor of
a very large and powerful machine, a peculiar sensation is experi-
enced. With ordinary machines the same effect can be obtained by

it
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employing a Leyden jar. The sensation is difficult to deseribe, and
only capable of being produced by electrical agency. It is a painful
‘-.]H!L'n, felt prwmtﬂlv in the arm, and causing an anc}luntar}' bending
of the elbow.

At the distance of a few feet from a machine in powerful action,
a tickling sensation is felt on the exposed parts of the body, due to
the movement of the hairs in obedience to electrical force. These
phenomena are exhibited in a still more marked manner when a

Fig. 360.—Spangled Globe, Fig, 870 —Sparkling Pane.

person stands on a stool with glass legs, and keeps his hand upon
the conductor. He thus becomes highly charged with electricity.
His hair stands on end, and is luminous if seen in the dark. If a
conductor connected with the earth is presented to him, a spark
passes, and his hair falls again.

Electricity has fr *qm:-ntl} been resorted to for medical purposes.
The electrical machine was first employed, and afterwards the Leyden
jar, but both have now been abandoned in favour of magneto- electric
machines and other apparatus for obtaining induced currents,
which we shall describe in a later chapter (Chap. lix.).
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discharge. Coal-gas is easily inflamed, by a person standing on a
stool with glass legs holding one hand on the conductor of the
machine, and giving sparks from a finger of the other hand to the
burner from which the gas is issuing. Kinnersley regarded elevation
of temperature as the cause of the movement of the liquid in his
apparatus; hence the name which it bears,

Heating may also occur in the case of conductors. This is shown
by the influence of the metal upon the colour of the spark, and it may
be more directly proved by arranging a conductor in communication

Fig. 873 —Volta's Pistol.

with the earth, and connected by an exceedingly fine metallic wire
with another conductor. When the latter is presented to a very
powerful electrical machine, so that a strong spark passes, the fine
wire is sometimes heated to redness.

597. Chemical Properties of the Spark.—The electric spark is able
to produce very important chemical effects. When it occurs in an
explosive mixture of two parts of hydrogen with one of oxygen, it
causes these gases instantly to combine. This experiment is usually
shown by means of Volta’s pistol (Fig. 373), which is a metallic 1-'0&?&,
containing the mixture, and closed by a cork. Through one side
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passes an insulated metallic rod with a knob at each end, that at the
inner end being at a short distance from the opposite side of the
vessel, so that, if a spark is given to the exterior knob, a spark also
passes in the interior, and inflames the mixture. This effect is
accompanied by a violent detonation, and the cork is projected to a
distance.

The electric spark often produces a reverse effect—that is to say,
the decomposition of a compound body; but the action in this case
is gradual, and a great number of sparks must be passed before the
full effect is obtained. Thus, if a succession of sparks be passed in

Fig. 874.—Wind from Points.

the interior of a mass of ammonia, contained in a vessel inverted over
mercury, the volume of the gas is observed to undergo a gradual
increase, until at length, if kept at constant pressure, the volume is
exactly doubled. It then consists of a mechanical mixture of nitrogen
and hydrogen, the constituents of ammonia,

Composition and decomposition are often both produced at once.
Thus, if a spark is passed in a mixture of earburetted hydrogen and
a certain proportion of oxygen, the former gas is decomposed, its
hydrogen combining with a portion of the oxygen to form water,
and 1ts carbon ecombining with another portion to form carbonic acid.
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598, Wind from Points.—If a metallic rod terminating in a point
be attached to the conductor of the electrical machine, electricity
escapes in large quantity from the point, which, accordingly, when
viewed in the dark, is seen to be crowned with a tuft of light. A
layer of air in front of the point is electrified by contact, and then
repelled, to make way for other portions of air, which are in their
turn repelled. A continuous current of air is thus kept up, which is
quite perceptible to the hand, and produces a very visible effect on
the flame of a taper (Fig. 374).

The electric whirl (Fig. 8375) consists of a set of metallic arms,

radiating horizontally from a common centre
Rl % about which they can turn freely, and bent,

all in the same direction, at the ends, which
are pointed. When the central support is
mounted on the conductor of the machine,
the arms revolve in a direction opposite to
that in which their ends point. This effect
is due to the mutual repulsion between the
pointed ends and the eleetrified air which
flows off frem them.

It is instructive to remark that if, by a

Fig. 376 —Electrie Whirl.  special arrangement, the rotating part be

inclosed in a well-insulating glass case, the
rotation soon ceases, because, in these circumstances, the inclosed
air quickly attains a state of permanent electrification.

599. Electric Watering-pot.—Let a vessel
containing a liquid, and furnished with very
fine discharge tubes, be suspended from the
conductor of the machine. When the vessel
is not electrified, the liquid comes out drop
by drop; but when the machine is turned, it
issues in continuous fine streams. It has,
however, been observed that the quantity

Fig. 376, —Flectrlc Ducket.  discharged in a given time is sensibly the

same in both cases. This must be owing to
the equality of action and reaction between different parts of the
issuing stream.,
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of electricity in its passage from one point to another, must be inde-
pendent of the path pursued; and we agree to call this work the
difference of potential of the two points.

602. Relation between Potential and Force.—If V denote the poten-
tial at a point, and V—8&V the potential at a neighbouring point,
3V is the work which electrical attractions and repulsions do upon
a unit of positive electricity in its passage from the fixst point to the
second; and since work is equal to force multiplied by distance, the
average force along the joining line can be computed by dividing ¢ Vv
by the distance, which we will call 8s. Hence the limiting value of
”% as the two points are taken nearer together, is the component
force in the direction §s; that is, the rate of variation of potential in
any divection is equal to the component force in that direction.

The direction in which the variation is most rapid will be the
direction of the resultant force; and when 3s is measured in this

direction a_; will be equal to the resultant force.

603. Lines of Force.—If a line be traced such that every small
portion of it (small enough to be regarded as straight) is the direc-
tion of resultant force at the points which lie upon it, it is called a
line of force; in other words, a line of force is a line whose tangent
at any point is the direction of the force at that point. We may
express this briefly by saying that lines of force are the lines along
which resultant force acts.

604. Equipotential Surfaces.—An equipotential surface is a surface
over the whole of which there is the same value of potential. When

5g lies in such a surface, the value of %T is zero; and therefore there

is no component force along any line lying in the surface. The
resultant force must therefore be normal; that is, lines of force cut
equipotential surfaces at right angles.

When we are dealing with gravitational forces instead of with
electrical attractions and repulsions, equipotential surfaces are called
level surfaces, and lines of force are called verticals.

If two equipotential surfaces are given, their potentials being V,
and V,, the work done in carrying a unit of electricity from any
point of the one to any point of the other, is constant, and equal to
the difference of V; and V.

If we consider two equipotential surfaces very near one another,
so that the portions which they intercept on the lines of force may
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be regarded as straight, the intensity of force at different points of
the intermediate space will vary inversely as the distance between
the two equipotential surfaces; for, when equal amounts of work
are done in travelling unequal distances, the forces must be inversely
as the distances.

605. Potential of a Conductor.— When electrical potential is con-
stant throughout a given space, there is no electrical force in that
space; and conversely, if there be an absence of electrical force in a
given space, the potential throughout that space must be uniform.
These propositions apply to the space within a hollow conductor.
They also apply to the whole substance of a solid conductor, and to
the whole space inclosed within the outer surface of a hollow con-
ductor. Whenever a conductor is in electrical equilibrium, it has the
same potential throughout the whole of its substance, and also
through any completely inclosed hollows which it may contain.

When a conductor is not in electrical equilibrium, currents set in,
tending to restore equilibrium; and the direction of such currents is
always from places of higher to places of lower potential. .

It is usual to assume as the zero of potential the potential of the
earth; but this assumption is not consistent with itself, since the
existence of earth eurrents proves that there are differences of poten-
tial between different parts of the earth. The absolute zero of
potential is the potential of places infinitely distant from all elec-
trieity.

606. Energy of a Charged Conductor.—When positive electricity is
allowed to run down from a conductor of higher to one of lower
potential, there is a loss of potential energy, just as there is a loss of
potential energy in the running down of a héavy body from a higher to
a lower level; and on the other hand, to make positive electricity pass
from a conductor of lower to one of higher potential, work must be
expended from some external source, just as work must be expended
to raise a heavy body. In the case of the heavy body, the work
expended in the latter case, or the potential energy which runs down
in the former, is equal to its weight multiplied by the difference of
levels; and in the analogous case of the electrical operation, the work
or the energy is the product of the quantity of electricity which
passes from one conductor to the other by the difference of poten-

tials of the two conductors,' provided that these potentials remain
sensibly constant during the operation.

' The closeness of the analogy will be better understood when it is remembered that if
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When a conductor is charged in the ordinary way, its charge is
drawn from the earth, the potential of which is unaffected. If we
suppose the charge to be communicated in a numerous succession of
small equal parts, the potential of the conductor, which is originally
zero, is inereased by a succession of equal steps, till it attains its final
value. Hence it is only the last part that is raised through the full
difference of potential, and the mean value of the difference of poten-
tial through which the successive parts are raised is the half of this.
Hence the work done in charging a conductor, or the energy which
runs down in discharging it into the earth, is half the produet of its
potential and its charge.

607. Tubes of Force.—If we conceive a narrow tube bounded on
all sides by lines of force, and call it a tube of force, we can lay down
the following remarkable rules! for the comparison of the forces
which exist at different points in its length. (1) In any portion of
a tube of force not containing electricity, the intensity of force varies
tnwersely as the cross-section of the tube, or the product of intensity
of force by section of tube is constant.® (2) When a tube of force
cuts through electricity, this product changes, from one side of this
electricity to the other, by the wmount 4= q, where g denotes the
quantity of the electricity inclosed by the tube.

The following are particular cases of (1):—

When the electricity to which the force is due is collected in a
point, the lines of force are straight, the tubes of force are cones (in
the most general sense), and the law of force becomes the law of
inverse squares, since the section of a cone varies as the square of the

a series of level surfaces are described completely surrounding the earth, and one foot
apart at the equator, they will be less than a foot apart at the poles, for the distance
hetween them will, by the reasoning in the text, be inversely as the intensity of gravity.
The work done in lifting a body from any one of these surfaces to any other, will be pro-
portional to the product of its mass (not its weight) by the number of intervals crossed.

If one of the surfaces passes through the top of Mount Everest, and another through a
point on the Indian coast, the distance between them will be greater at the coast than at
the mountain, Hence the height of the mountain above the coast is an ambiguous
quantity.

1 For the proof of these rules, as mathematical deductions from the law of inverse ?.quams.
the student may refer to Cumming's Electricity, §§ 4348, or to Minchin's Statics, arts.
241, 242,

2 This is obviously analogous to the law which applies to the comparison of the velocities
of a liquid in different parts of a tube through which it flows, since the product of area by
velocity is the volume of liquid which flows past any section in unit time, Tl_ie tube Hky
be an imaginary one, bounded by lines of flow in a large body of liquid flowing steadily.
Lines of flow are thus the analogues of lines of force.
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distance from the vertex. These results also apply to the case of
electricity uniformly distributed over the surface of a sphere, the
common vertex in which the cones would meet if produced being
now at the centre of the sphere.

When the electricity consists of the charges of two oppositely
electrified parallel plates, whose length and breadth exceed the dis-
tance between them (the plates being conductors, and placed opposite
to each other), the lines of force between their central portions are
sensibly straight and parallel, the tubes of force are therefore cylin-
ders (in the most general sense), and the force is constant, being equal
to the difference of the potentials of the plates divided by the dis-
tance between them. The same thing holds if, instead of being
oppositely electrified, the plates are similarly electrified, but not to
the same potential.

608. Force Proportional to Number of Tubes which cut Unit Area.
—The eross-sections of tubes of force are portions of equipotential
surfaces. If one equipotential surface be divided into portions, such
that the product of area by force-intensity shall be the same for all,
then, if all neighbouring space not containing electricity be cut up
into tubes, springing from these portions as their respective bases,
the product of any cross-section of any one of these tubes by the
force-intensity over it will be constant. The force-intensities at any
points in this space are therefore inversely as the cross-sections of the
tubes at these points, or are directly as the number of tubes per unit
area of equipotential surfaces at the points.

609. Force just Outside an Electrified Conductor.—Since there is
no foree in the interior of a conduetor, the lines and tubes of force
become indeterminate; but proposition (2) of § 607 can be shown
to hold when we give them any shape not discontinuous. Let p
denote the electric density at a point on the surface, and a a small
area around this point, which area we shall regard as a section of a
tube of force cutting through the surface. Let F denote the intensity
of force just outside the surface opposite this point, then, since the
intensity inside is zero, wé have

that is, the infensity of force just outside any part of the surface of
a charged conductor, is equal to the product of 4= into the density
at the mearest part of the surface.

610. Relation of Induction to Lines and Tubes of Force.—Lines of
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torce are also the lines along which induction takes place. On
Faraday’s theory of induection by contiguous particles, the line of
poles, for any particle, is coincident with the line of force which
passes through the particle. Apart from all theory, it is matter of
fact that a tube of force ewtending from am imfluencing to an
influenced conductor, and not containing any electricity in the
interval between, has equal quantities of electricity on its two ends,
these quantities being of opposite sign. This equality follows at
once from § 607 (2), if we consider the tube as penetrating the two
conductors; for the product of foree by section, which is constant for
the portion of the tube in air, is zero in both conductors; and the
quantity of electricity on either end of the tube must be the quotient
of this constant product by 4=. In connection with this reasoning,
it is to be remarked that the surface of a conductor is an equipoten-
tial surface, and is cut at right angles by lines of force.

In Faraday's ice-pail experiment, a tube of force springing from
the upper side of the charged ball, and of such small section at its
origin as to inclose only an insensible fraction of the charge of the
ball, opens out so fast, as it advances, that it fills the whole opening
at the top of the pail.

In every case of induction, therefore, the total quantities of in-
dueing and indwced electricity are equal, and of opposite sign.

When the inducing electricity resides in or upon a non-conductor,
for example on the surface of a glass rod, or in the substance of a
mass of air, the quantity of electricity induced on the base of a tube
of force is equal and opposite to the quantity contained within the
tube. In the simplest case, all the tubes will have a common apex,
which will be a point of maximum or minimum potential.

611, Potential defined as = ”. |

Let a quantity ¢ of electricity be collected at a point O, and let
A, B be any two points very near together. The forces at A and B
due to g will be 553 and {%f,, and these will be nearly equal to each
other or to 5%y . When a unit of electricity is carried from A to

B its motion can be resolved into two components, one of them in
the direction of the force and equal to OB — OA, and the other
perpendicular to the direction of the force. Hence the work done

will be q%?f-‘:ﬂﬂﬁ‘-@, that is, J—A—-ﬂgﬁ; or if » denote the distance of

any point from O, the work done in a small movement is equal to
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since, in these circumstances, potential varies directly as charge,
capacity may be defined as the quotient of charge by potential. Let
C denote capacity, V potential, and Q charge, then we have

g=tl V.—_% :  Q=VC.

But we have seen that, for a sphere of radius R, at a distance from

other conductors or charged bodies, V= %. Hence C=R; that is,

the capacity of a sphere is numerically equal to its radius.

This is a particular instance of the general proposition that the
capacities of similar conductors are as their linear dimensions; which
may be proved as follows:—

Let the linear dimensions of two similar conductors be as 1 : n.
Divide their surfaces similarly into very small elements, which will
of course be equal in number. Then the areas of corresponding
elements will be as 1 :n?% and, if the electrical densities at cor-
responding points be as 1 : @, the charges on corresponding elements
are as 1 :mn%. The potential at any selected point of either con-

ductor is the sum of such terms as % (§ 611). Selecting the cor-

responding point .in the other conductor, and comparing potentials,
the values of g are as 1 : n%, and the values of » are as 1:n; there-

fore the values of f_ are as 1 : nz. Hence the potentials of the two

conductors are as 1:maz. If they are equal, we have naz=1, and
therefore m*z=m; that is, the charges on corresponding elements,
and therefore also on the whole surfaces, are as 1 : n.

We shall see, in the next chapter, that the capacity of a
conductor may be greatly increased by bringing it near to another
conductor connected with the earth.

614. Connection between Potential and Induced Distribution.—In
the circumstances represented in Fig. 335 (§ 563), if we suppose the
influencing body C to be positively charged, the potential due to this
charge will be algebraically greater at the near end A of the in-
fluence conductor than at the remote end B. The induced electri-
city on A B must be so distributed as to balance this difference, in
fact the potential due to this induced electricity is negative at A and
positive at B. All cases of induced electricity upon conductors fall
under the rule that the potential at all parts of a conductor must be
the same, and hence, wherever the potential due to the influencing
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we are to understand increase—usually enormous increase—of elec-
trical density on a given surface, attained without increase of
potential. If two conducting plates, in other respects alike, but
one with, and the other without a condensing plate, be connected
by a wire, and the whole system be electrified, the two plates will
have the same potential, but nearly the whole of the charge will
reside upon the face of that which is accompanied by a condensing
plate.

617. Calculation of Capacity of Condenser.—The lines of force
between the two plates A and B are everywhere sensibly straight
and perpendicular to the plates, with the exception of a very small
space round the edge, which may be neglected. The tubes of force
(§ 607) are therefore cylinders, and the intensity of force is con-
stant at all parts of their length. Also, since the potential of the
plate B is zero, if we take V to denote the potential of the plate A,
which is the same as the potential of the conductor, and ¢ to denote
the thickness of the intervening plate C, the rate at which potential

varies along a line of force is 1;", which is therefore (§ 602) the
expression for the force at any point between the plates A, B. The
whole space between the plates may be regarded as one eylindrical
tube of force of cross-section S equal to the area of either plate, the
two ends of the tube being the inner faces of the plates. The quan-
tities of electricity + @ residing on these faces are therefore equal,

but of opposite sign (§ 610); and as the force changes from nothing
to :T in passing from one side to the other of the electricity which

resides on either of these surfaces, we have (§ 607)

1:.5‘:-1#@

Hence the capacity of the plate A, being, by definition, equal to Tq,.’
is equal to :

Lo
et

We should, however, explain that, if the intervening plate C is a solid
or liquid, we are to understand by £ not the simple thickness, but the
thickness reduced to an equivalent of air, in a sense which will be
explained further on (§ 624). This reduced thickness is, in the case
of glass, about half the actual thickness.

[f s denote an element of area of A, and ¢ the charge residing
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operator will then experience no shock, as the electricity passes in
preference through the brass rods, which are much better conductors
than the human body. If, however, the operator discharges the
condenser with his hands by touching first the plate B, and then also
the plate A, the whole discharge takes place through his arms and
chest, and he experiences a severe shock. If he simply touches the
plate A, while B remains eonnected with the earth by a chain, as in
Fig. 377, he receives a shock, but less violent than before, because
the discharee has now to pass through external bodies which eon-
sume a portion of its energy. If, instead of a chain, B is connected
with the earth by the hand of an assistant touching it, he too will
receive a shock when the operator touches A.

619. Discovery of Cuneus.—The invention of the Leyden jar was
brought about by a shock accidentally obtained. Some time in the

Fig. 820.—Experiment of Cuneus

year 1746, Cuneus, a pupil of Muschenbroeck, an eminent philosopher

of Leyden, wishing to electrify water, employing for this purpose a

wide-mouthed flask, which he held in his hand, while a chain from

the conductor of the machine dipped in the water (Fig. 380). When

the experiment had been going on for some time, he wished to dis-

connect the water from the machine, and for this purpose was about
39
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by connecting the inner coatings with the conductor of the machine.
In bad weather this is usually a very difficult operation, on account
of the large quantity of electricity required for a full charge, and the
laxge surface from which dissipation goes on.

Holtz's machine can be very advantageously employed for charging
a battery, one of its poles being connected with the inner, and the
other with the outer coatings. In dry weather it gives the charge
with surprising quickness.

631. Lichtenberg’s Figures.—An interesting experiment devised by

Fig. 301, —Lichtenberg's Fignres

Lichtenberg serves to illustrate the difference between the physical
properties of positive and negative electricity.
A Leyden jar is charged, and the operator, holding it by the outer





























































































G52 ATMOSPHERIC ELECTRICITY.

650. Waterspouts.— Waterspouts, being often accompanied by
strong manifestations of electricity, have been ascribed by Peltier

Fig. 414.—Waterspouts.

and others to an electrical origin; but the account of them given in
the subjoined note appears more probable.!

! %Oy account of the centrifugal force arising from the rapid gyrations near the centre
of & tornado, it must frequently be nearly a vacuum. Hence when a tornado passes over
a building, the external pressure, in a great measure, is suddenly removed, when the
atmosphere within, not being able to escape at once, exerts a pressure upon the interior,
of perhaps nearly fifteen pounds to the square inch, which causes the parts to be thrown in
every direction to a great distance. For the same reason, also, the corks fly from empty
hottles, and everything with air confined within explodes. When a tornado happens at
sea, it generally produces a waterspout. This is generally first formed above, in the form
of a cloud shaped like a funnel or inverted cone. As there is less resistance to the motions
in the upper strata than near the earth’s surface, the rapid gyratory motion commences
there first. . . . This draws down the strata of cold air above, which, coming in contact
with the warm and moist atmosphere aseending in the middle of the tornado, condenses the
vapour and forms the funnel-shaped cloud. As the gyratory motion becomes more violent,
it gradually overcomes the resistances nearer the surface of the sea, and the vertex of the
funnel-shaped cloud gradually descends lower, and the imperfect vacuum of the centre of
the tornado reaches the sea, up which the water has a tendency to aseend to a certain height,
and thence the rapidly ascending spiral motion of the atmosphere carries the spray upward,
until it joins the cloud above, when the waterspout is complete. The upper part of a
waterspout is frequently formed in tornadoes on land. When tornadoes happen on sandy
plains, instead of waterspouta they produce the moving pillars of sand which are often seea
on sandy deserts."—W. Ferrel, in Mathematical Monthly.
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themselves in a system of curved lines, as shown in Fig. 410. These
lines give very important indications both of the direction and inten-
sity of the force produced by the magnet at different points of the

Fig. 410. —Magnetic Curves

space around it.! They cluster very closely about the two poles p p,
and thus indicate the places where the force is most Intense.

664. Curve of Intensities—Some idea may be obtained of the rela-
tive intensities of magnetic force at different points in the length of *
a magnet, by measuring the weights of iron which can be supported
at them. Much better determinations can be obtained either by the
use of the torsion-balance, or by counting the number of vibrations
made by a small magnetized needle when suspended opposite different
parts of the bar, the bar being in a vertical position, and the vibra-
tions of the needle being horizontal. The intensity of the force 1s
nearly as the square of the number of vibrations; on the same prin-
ciple that the force of gravity at different places is proportional to the
square of the number of vibrations of a pendulum (§ 120). Both these
methods of determination were employed by Coulomb, who was the
first to make magnetism an accurate science; and the results which
he obtained are represented by the curve of intensities A M B (Fig.
417). M is the middle of the bar, O one end of it, and the ordinates

1 The lines formed by the filings may be called the lines of effective force for particles
only free to move in the plane of the card, The lines of total force eut the card at various
angles, and are at somé places perpendicular to it, as shown by the filings standing on end.
For the definition of lines of magnetic force, see § 672,
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The force which a pole of a simple magnet experiences in a mag-
netic field, is the product of the strength of the pole and the intensity
of the field. This rule applies to the force which a pole experiences
from the earth’s magnetism, the intensity of the field being in this
case the intensity of terrestrial magnetic force; and, from the unifor-
mity of the field, the forces on the two poles are in this case equal, con-
stituting a couple, whose arm is the line joining the poles multiplied
by the sine of the angle which this line makes with the lines of force.

The product of the line joining the two poles by the strength of
either pole is called the moment of the magnet, and it is evident,
from what has just been said, that the continued product of the
moment of the magnet, the intensity of terrestrial magnetic force,
and the sine of the angle between the length of the magnet and the
limes of force,is equal to the moment of the couple which the earth’s
magnetism exerts upon the magnet.

675. Compound Magnet of Uniform Magnetization.—Any magnet
which is not a simple magnet in the sense defined in § 674 may be
called a compound magnet. It is convenient to define the moment
of a compound magnet by the condition stated in the concluding
words of that section, so that the moments of different magnets,
whether simple or compound, may be compared by comparing the
couples exerted on them by terrestrial magnetism when their axes
are equally inclined to the lines of force.

If a number of simple magnets of equal strength be joined end to
end, with their similar poles pointing the same way, there will be
mutual destruction of the two imaginary fluids at every junction,
and the system will constitute one simple magnet of the same strength
as any one of its components; but its moment will evidently be the
sum of their moments.

If any number of simple magnets be united, either ¢end to end or
_side to side, provided only that they are parallel, and have their
similar poles turned the same way, the resultant couple exerted upon
the whole system by terrestrial magnetism will (§ 27) be the sum of
the separate couples exerted on each simple magnet, and the moment
of the system will be the sum of the moments of its parts. But any
piece of uniformly magnetized material may be regarded as being
thus built up, and hence, if different portions be cut from the same
uniformly magnetized mass, their moments will be simply propor-
tional to their volumes. The quotient of moment by volume, for any
uniformly magnetized mass, is called intensity of magmnetization.
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Figz 431.—Northern Hemisphere.

Fig. 432 —Southern Hemisphere.
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motion ceases, the opposite magnetism to that of the pole which is
in contact with it. Hence strokes in opposite divections over the
two contrary poles tend to magnetize the bar the same way.

2. When very intense magnetization is to be produced, the electro-
magnet must be very powerful, and the bar then adheres to it so
strongly that the operation above described becomes difficult of exe-
cution, besides seratching the bar. Hence it is more convenient to
move along the bar, as in Fig. 437, a coil of wire through which a
current is passing. This was the method employed by Arago and
Ampere.

A bar of steel is said to be magnetized to saturation, when its
magnetization is as intense as it is able to retain without sensible
loss. Tt is possible, by means of a powerful magnet, to magnetize a
bar considerably above saturation; but in this case it rapidly loses
intensity.

Pieces of iron and steel frequently become magnetized temporarily
or permanently by the influence of the earth’s magnetism, and this
action is the more powerful as the direction of their length more
nearly coincides with that of the dipping-needle. If fire-irons which
have usually stood in a nearly vertical position be examined by their
influence on a needle, they will generally be found to have acquired
some permanent magnetism, the lower end being that which seeks
the north.

It sometimes happens that, either from some peculiarity in the
structure of a bar, or from some irregularity in the magnetizing pro-

Fig. 438, —Consequent T'oints.

cess, a reversal of the direction of magnetization oceurs in some part
or parts of the length as compared with the rest. In this case the
magnet will have not only a pole at each end, but also a pole at each
point where the reversal occurs. These intermediate poles are c?.lled
comsequent points. Fig. 438 represents the arrangement of iron-
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rated, provided that the whole cirenit be kept at one temperature.
If, however, some of the junctions be kept hot and others cold, a
eurrent will in general be produced.

The principles which underlie these phenomena appear to be as
follows:—

(1). When two dissimilar substances touch each other, they have
not exactly the same potential at the point of contact. For instance,
when zine is in contact with copper, it is at higher potential than
the copper.

(2). The difference is in general greater for two metals than for a
metal and a non-metal or two non-metals.

(3). The difference depends not only on the nature of the two
substances, but also on their temperatures.

(4). The difference of potentials between two metals is the same
when they are in direct contact as when they are connected by one
or more intervening metals; all the metals being still supposed to be
at the same temperature,

(5). When two metals are connected by a conducting liquid which
18 susceptible of decomposition, their difference of potential is much
smaller than when they are in direct
contact. Thus, if the connecting
wire M (Fig. 446) be of copper, and
we break its conneetion with the
copper plate, the difference of po-
tential between the two plates will
be less than the difference between
the zine plate and the copper wire.
The zine plate is positive with re-
spect to the copper wire; hence
the copper plate is positive with re-
spect to the copper wire. On com-
PIEting the cireuif, P':"E'ii--li‘i':"[-:t elec- Fiz. 446.—Voltaic Element.
tricity accordingly flows from the
copper plate into the copper wire. As the difference of potentials
at the junction of the dissimilar metals is permanent, the current
is permanently maintained. Chemical combination at the same time
goes on; and the potential energy of chemical affinity which thus
runs down, is the source of the energy of the current.

Every electric current may be regarded as a flow of positive elee-
tricity in one direction, and of negative electricity in the opposite
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merely to serve as a conductor, and prevent confact between each
zine and the copper above it. All
the contacts between zine and copper
were between a copper below and a
zine above, so that they all tended,
according to Volta's theory, to pro-
duce a current of electricity in tha
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Fig. 449.—5tructore of Plle. Fig. 450.—Complete FPile.

same direction. The effects obtained from the pile were =0 powerful
2 to excite extraordinary interest in the seientific world.

e

i

Fli. 451.—Courvnne de Tousses.

%00. Couronne de Tasses—He shortly afterwerds invented the
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CONTINUOUS ROTATION.
For there is attraction between the portions A 0 and D O, and also
between the portions O B and O C; whereas there is repulsion
between A O and O C, and between
OB and OD. Accordingly, if the
movable conductor of Fig. 502 or 503
be traversed by a current, and another
wire carrying a current be placed hori-
zontally at any angle underneath its
lower side, the movable conductor will
turn on its point of suspension till if
becomes parallel to the wire below it;  xig. s0e—Tendency to set Parullel.
and in the position of stable equili-
brium the current in its lower side will have the same direction as
that in the influencing wire.

788. Continuous Rotation produced by a Circular Current.—Suppose
we have a current flowing round a circle (Fig. 505), and also a current
flowing along O A, which is approximately a radius of this circle.
First let the current in O A be from the
centre towards the circumference, as indi-
cated in the figure. Then, by law IIL, O A
is attracted on one side and repelled on the
other, both forces combining to make O A
sweep round the cirele in the opposite direc-
tion to that in which the circular current is
flowing. If the current in O A were from
circumference to centre, the tendency would
be for O A to sweep round the circle in the Fig 505.—Continuous Rotaticn
same direction as the circular current. S

The reasoning still holds if O A is in a plane parallel to that of the
circular current, O being a point on the axis of the circle and the
length of O A being not greater than the radius.

A circular eurrent may also produce continuous rotation in a con-
ductor parallel to the axis of the circle, and movable round that
axis. Fig. 506 represents an arrangement for obtaining this effect.

A coil of wire through which a current can be sent, is wound round
the copper basin E F, its extremities being connected with the bind-
Ing-screws m, 0. IFrom the centre of the basin rises the little
metallic pillar A, terminating above in a cup containing mercury.
This pillar is connected with the binding-serew n. The basin, which
is connected with the binding-serew p, contains water mixed with a







ACTION OF A LONG STRAIGHT CURRENT, Tou

rent U A Howing outwards from the centre of motion O, and acted
on by the indefinite current M N, is first attracted into the position
O A In this new position it is repelled by n N, and attracted by
Mn. It is thus brought successively into the positions O A", OA",
OA"Y™. In this last-
mentioned  position,
the two currents being
parallel and opposite,
there is repulsion; and
after passing it, there
is again repulsion on
one side and attraction
on the other, till it is
carried round fto its

first position O A. It Fig. 507.—Rotation of Radial Current.

is thus kept in con-

tinual rotation. If the movabls eurrent flows inwards to the centre
of motion O, as in the left-hand diagram, while the direction of the
indefinite eurrent is the same as before, the direction of rotation will
be reversed.

785, Action of an Indefinite Rectilinear Current on a Finite Current.
Perpendicular to it.—Let M N, in the upper half of Fig. 508. be an
indefinite rectilinear eurrent, and
A D a portion of another eurrent
either in the same or in any other
plane. In the latter case let DC
be the common perpendicular.
Then, if the currents have the
directions represented by the ar-
rows, an element at p will attracs
an element at m with a foree
which we may represent by a line
mf'; and an element at p’ equal to
that at p and situated at the same ;
distance from C on the other side, Fig. 508.—Translation Parallel to Tndefinite
will repel the element at m with CITOIG
an equal force, represented by m f. Constructing the parallelogram
of forces, the resultant force of these two elements upon m is repre-
sented by the diagonal m F, which is parallel to MN and in the
opposite direction to the indefinite current. As this reasoning applies
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to all the elements of both currents, it follows that the current A B
will experience a force tending to give it a motion of translation
parallel to MN. This motion will be opposite to the direction of the
indefinite current when the direction of the finite current is towards
the common perpendicular DC, as in the upper diagram, and will be
in the same direction as the indefinite current when the direction of
the finite current is from the common perpendicular, as in the lower
diacram,

786. Action upon a Rectangular Current movable about an Axis
Perpendicular to an Indefinite Current.—It follows from the preceding
seetion that if a finite current AB (Fig. 509), perpendicular to an

Fig. 500 —TIosition assumed by Perpendiculnr Current.

indefinite current, is movable round an axis OO parallel to itself, the
plane A B O O" will place itself parallel to the indefinite current, and
AB will place itself in advance or in rear of the axis according as
the current in A B is from or towards the indefinite current.

If a pair of parallel and opposite currents B A, A'B/, rigidly con-
nected together, and movable round the axis OO’ lying between them,
are submitted to the action of the indefinite current, the forces upon
them will conspire to place the system in the position indicated in
the figure. If the two currents AB, A'B’ are
both in the same direction, their tendencies
to revolve round the axis 00" will counteract
each other.

The action upon the near side of the rect:
angle (Fig, 510) contributes to produce the
same effect, since this side tends to set itself
parallel to the influencing current, and so

Fig. 10, —Tosition assumed — that the directions of the two shall be the

1y Bectangular Current.
SAIMme,

The action upon the further side of the rectangle tends to produce
an opposite effect; but, in conisequence of the greater distance, this
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DISCHARGE IN RAREFIED GASES. 787

difference of tint between the positive and negative extremities,
Bv the aid of the commutator it is easy to reverse the current, and
thus produce at pleasure an interchange of
the appearances presented by the two ter-
minals,

If, before exhausting, we introduce into
the egg a little alcohol, turpentine, or other
volatile liquid, the light presents a series
of bright bands alternating with dark
spaces. Plate IL fig. 1 represents these
stratifications as seen in vapour of aleohol.

The phenomenon of stratification is seen
to more advantage in long tubes than in
the electric egg; and the presence of alco-
holic or other vapour may be dispensed
with if the exhaustion be carried suffi-
ciently far, as in the tubes constructed
by Geissler of Bonn, which contain various
cases very highly rarefied, and have pla-
tinum wires sealed into their extremities
to serve as electrodes. Four such tubes
are represented in Plate II. Certain sub-
stances, such as uraninm glass, and solu-
tion of sulphate of quinine, become lumin-
ous in the presence of the electric light, Fig. 530.—Electric Fgg.
and are called fuorescent. Such sub-
stances are often introduced into Geissler's tubes, for the sake of the
brilliant effects which they produce.

818. Experiments of Gassiot and De La Rue.—By means of a battery
of some thousands of cells, discharge in rarefied gases can be obtained
without the use of an induction-coil, and with the advantage of
greater steadiness. This has been done by Mr, Gassiot, and on a
larger seale by Mr. De La Rue. The stratifications are still observed,
and appear absolutely fixed in position to the naked eye. When
examined by a revolving mirror they are found to exhibit the appear-
ance of a rapid succession of discharges.

Mr. De La Rue's battery consists of 11,000 smnall ehloride of silver
cells; and when all the cells are used, a steady stream of fire passes
between the terminals as soon as they are brought within about
half an inch of each other, in air at atmospherie pressure,
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Fig. 570.—Hughes' Printing Telegraph,










AUTOGRAPHIC TELEGRAPH. 823

sies between the velocities of the type-wheel and chariot are thus
corrected as often as a letter is printed. This contrivance serves to
keep the receiving instrument from gaining or losing on the sending
instrument during the transmission of a message. The type-wheel
of the receiving instrument must be adjusted before the message
begins, so as to make the two instruments start at the same
letter.

845. Electro-chemical Telegraph.—Suppose a metallic cylinder,
permanently connected with the earth, to be revolving, carrying
with it on its surface a strip of paper freshly impregnated with
eyanide of potassium. Also suppose a very light steel point per-
manently connected with the line-wire, and resting in contact with
the paper. Every time that a current arrives by the line-wire,
chemical action will take place at the point of contact, and the paper
at this point will be discoloured by the formation of prussian blue.
This is the principle of Bain’s electro-chemical telegraph, which leaves
a record in the shape of dots and dashes of prussian blue. The
apparatus for sending signals is the same as in Morse’s system. The
paper must not be too wet, or the record will be blurred; neither
must it be too dry, for then no record will be obtained.

846. Autographic Telegraph.—An autographic telegraph is one
which produces at the receiving station a fac-simile of the original
despatch. The best known instruments of this class are those of
Bonelli and Caselli. We shall deseribe the latter.

At the sending station a sheet of metallized paper, with the
despatech written upon it in a greasy kind of ink, is laid upon a
cylindrie surface M (Fig. 573). At the receiving station there is a

Fig. 6573.—Principle of Caselli's Telagraph.

similar eylindrie surface R, on which a sheet of Bain’s echemical paper
is laid. Two styles, driven by pendulums which oscillate with exact



824 ELECTRIC TELEGRAPHS.

synchronism, move over the surfaces of the two sheets, deseribing
upon them very close parallel lines at a uniform distance apart, both
styles being in permanent connection with the line-wire. The cur-
rent is furnished by the battery P at the sending station. When the
style is on a conducting portion of the paper M, the current takes
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Fig. 674. —Cnselli's Telegraph.

the course of least resistance A B C D, no sensible portion of it going
to the other station. On the other hand, when the style is on thle
non-conducting ink in which the despatch is written, the cireuit






























834 MISCELLANEOUS APPLICATIONS OF ELECTRICITY,

Fig, 581. R is an eight-toothed wheel, fixed to the axis on which
the armatures revolve, and turning with them. Eaeh tooth, as it
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Fig. 580, —Froment's Engine,

passes the roller #, pushes it away, and brings the studs m/'m into
contact. As long as they remain in contact, the current cireulates
through the coil with which
the distributor is connected.
The distributors are screwed
into a metallic are, which is
constantly connected with one ~i,
pole of the battery. One of G s
them serves for the two op-
posite horizontal magnets, which are made and unmade together
The two lower magnets have one distributor apiece. Matters are so
arranged that the eurrent is not cut off from one eoil till just after
it has commeneed to flow in the next. - This precaution prevents, or at
least mitigates the induction-spark which generally cecurs in break-
ing circuit (§ 814), and which has the mischievous effect of oxidiz-
ing the contaets, and thus, after a time, deranging the movements.
856. Edison’s Electric Pen.—A good example of the production of
mechanical power on a small scale by means of eleetricity is furnished
by Edison’s electric pen. A miniature battery sends a current, through
a flexible cord consisting of two insulated wires twisted together (one
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542 MISCELLANEOUS APPLICATIONS OF ELECTRICITY.

stance, which appears to be connected with the higher temperature
of the positive terminal, explains the difference between the forms
assumed by the two carbons. The point of the positive carbon
becomes concave, while the negative carbon remains pointed and

M Kapire

fig, B85, —Image of the Carbon Pointsa.

wears away less rapidly. This difference is more precisely marked
when the experiment is performed im wacuo; a kind of cone then
grows up on the negative carbon, while a conical cavity is formed in
the positive carbon. These phenomena are less clearly exhibited in
air, on account of the combustion occasioned by the presence of

OXYVYIOen.






844 MISCELLANEOUS APPLICATIONS OF ELECTRICITY.

The electric light has also long been used for throwing images on
a screen in lecture-illustrations,
and for producing various lu-
minous effects in theatrieal exhi-
bitions.

As the carbons undergo waste
by combustion, it is necessary to
employ some means for keeping
them at a nearly constant dis-
tance, so as to give a steady light.
Several different regulators have
been employed for this purpose,
all of them depending on the
principle that the strength of
the current diminishes, as the
distance, and consequently the
resistance, inereases. We will
briefly describe Foucault’s,

864. Foucault’s Regulator.—It
contains two systems of wheel-
work, one for bringing the car-
bons nearer together, and the
other for moving them further
apart. Fig. 590 represents the
apparatus, with the omission of
a few intermediate wheels. L’is
a barrel driven by a spring in-
closed within it, and driving
several intermediate wheels
which transmit its motion to the
fly 0. L is the second barrel,
driven by a stronger spring, and

s driving in like manner the fly o',
N The racks which carry the car-
bons work with toothed wheels

- i attached to the barrel L/, the
%ﬁ\i\ﬁiﬁﬁﬁiﬁﬁf&ﬁ@@m whe:el for the paz-'.iti.ve carbon
having double the diametfer of
the other, because experience
has shown that it is consumed twice as rapidly. The current enters
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Fig. 5M.—Foueanlt's Regulator.
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