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—t——
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recent discoveries and improvements, not introduced
into the body of the work, are subjoined at the end, with
references to publications in which more particular in-
formation may be obtained.
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ELECTRICITY.

General Phenomena of Electrical Attraction and Repulsion; Con-
ductors and Non-Conductors ; two Kinds of Electricity.

1. "T'ue properties which we have hitherto discovered in bod-
ies seem to be inherent in them, and permanently attached to the
matter of which they are composed. Thus heavy bodies can
not be deprived of their gravity, nor their particles lose the prop-
erty of mutual attraction.

We come now to consider certain transient states, or modifi-
cations, of which bodies are susceptible, and which are the more
remarkable, since, without adding to their particles, or taking
from them, any tangible or ponderable principle, they ar2 not-
withstanding attended with very powerful mechanical effects,
which may be seen in the motion of material bodies.

For example, if we take a stick of sealing-wax, or a glass
tube, or a piece of amber, which has been for a long time un-
touched, and bring it near some small pieces of paper, chaff,
or other light substance, no impression is produced ; but if we
first rub lightly and briskly, the glass tube, the sealing wax, or
the amber, with a piece of dry woollen cloth, or cat skin, upon its
being brought near either of the light substances above mentioned,
a strong attraction will be manifest. We have here a new prop-
erty or faculty developed by friction, and which did not previ-
ously exist. This property has been called electricity. from the
Greek word #iexzpor, which signifies amber, this being the sub-
stance in which it was first observed.

Several centuries passed without any thing being known be-

yond the simple fact just stated ; but for the last sixty years the
E. & M. f



2 Electricity.

phenomena have been more carefully examined, and have thus
led to the discovery of many important results, which together
form one of the most interesting parts of natural philosophy.

The first step to be taken, is to study carefully the funda-
mental phenomenon above described, and to examine all the
various circumstances under which it presents itself. By rub-
bing tubes of glass, sulphur, or sealing wax, of considerable size,
an inch in diameter, for example, and a foot long, light bodies
are attracted from a distance; and they are seen to rush with
great rapidity against the electrified tube. Some adhere to it,
others, upon coming in contact with it, are immediately repelled.
If the tube be brought near the hand or the face, at a certain
distance a sensation is felt similar to that produced by a cob-
web; and if it be touched with the finger or a metallic ball, a
spark darts with a crackling noise from the tube to the body
presented to it.  When the experiment is performed in the dark,
this spark becomes vivid, and we constantly observe a bluish
light following the rubber as it passes along the tube. The ef-
fect may be still further increased, by substituting for the tube a
large globe, or cylinder, or plate, fixed between two cushions,
and made to turn by means of a handle. This apparatus is
called an electrical machine. It is ordinarily accompanied with
other appendages, which render its effects much more certain
and intense ; of these we shall speak hereafter, when we have
treated of the theoretical principles on which they depend. In
the mean time, the apparatus, such as we have described it, is
sufficient to establish the fundamental phenomena which we
have stated.

It may now be asked, what is the nature of the principle un-
der consideration ? how does it exist in bodies? how is its action
developed by friction? These questions we are unable to an-
swer ; but whatever be the cause of the phenomena in question,
to avoid circumlocution we shall call it electricity, just as we give
the name of caloric to the unknown principle of heat.

All vitreous and resinous substances arve capable of exhibit-
ing the phenomena above mentioned in different degrees.  Silks
also answer the same purpose ; but if we take a metallic tube and
rub it with a cat skin or a picce of woollen cloth, it will pre-
sent no luminious appearance, it will excite no sensation, nor
manifest any disposition to attract light bodies.
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9. If, however, instead of taking the metallic tube in the hand,
we hold it by means of a tube of glass or resin, and rub it as be-
fore without its touching any other substance but the rubber, it
wilk acquire all the electric properties of glass or amber. The
same phenomena occur, also, if instead of the glass or resinous
handle, we make use of a silk holder, consisting of several thick-
nesses, or if we suspend the metallic tube by means of silk cords.
The electric properties will continue, however, only while the
tube has no other communication with surrounding bodies ; for
if we touch it with the finger or with another piece of metal,
all signs of electricity instantly vanish.

It is evident from these experiments, that if the metal did
not at first acquire electric properties by friction, it was not
because it was incapable of receiving them; but because it
could not retain them; for when it is made to possess them, it
may be deprived of them immediately by touching it with the
finger or with another piece of metal. Thus when it is held in
the hand and rubbed, the electricity is dissipated as fast as it
is developed. We must not, therefore, be surprised that no ef-
fect is produced. But the electricity becomes sensible when the
metal is suspended in the air by means of glass, resin, or silk.
We infer, therefore, that these substances resist the passage of
electricity ; we know, moreover, directly, that electricity does not
readily pass along a silk riband, a glass tube, or a stick of resin;
for when one of these subsiances is rendered electrical by fric-
tion, if we touch one part, we deprive this of its electric prop-
erties without affecting the rest. On this account, we can elec-
trify bodies of the above description by friction, while holding
them in the hand, but not those of a metallic nature.

We are thus led to distinguish natural bodies into two great
classes, according as they do or do not transmit the electric
principle, and which are hence called conductors and non-condue-
tors ; the latter are also called insulating bodies, because, when
they are employed as supports, they serve to cut off all commu-
nication between a conducting body and other conductors which
might deprive it of its electricity. |

1 Formerly, non-conducting bodies were called electrics per se, or
rdio=electrics, that is, self-electrical ; and conductors were called ane-
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The atmosphere is evidently of the class of non-condueting
bodies ; since, if it afforded a free passage to electricity, no
body surrounded by it could exhibit durable electrical phenom-
ena. Now a tube of glass or resin, being rubbed, preserves its
electric propertics for a considerable time, although immersed
in this fluid.

Water, on the other hand, is a conductor 5 for if we moisten
with this liquid or only with its vapour, a tube of glass or resin,
electrified by friction, it immediately loses all its virtue. Thus
the aqueous vapour suspended in the air impairs the insulating
properties of this fluid, and it is for this reason that electrical
experiments succeed best in cold and dry weather, because then
there is less vapour contained in the atmosphere.

"This difference in the disposition of ditferent bodies to retain
and transmit electricity, was first made known by Grey. He
owed the discovery to accident, but to an accident of which he
well knew how to avail himself.

"There is no constant relation between the state of bodies and
their conducting power. Among solid bodies, the metals trans-
mit electricity readily, dry gums and resins scarcely transmit it
at all. Almost all liquids are good conductors; oil, however,
is a very imperfect conductor.  Wax and tallow, when cold, con-
duct badly ; when melted, they conduct well. The power of
conducting electricity is observed in the most opposite states ;
for example, in the flame of alcohol and in ice. The tempera-
ture of bodics seems to have no sensible influence on the elec-
tric sparks which proceed from them. Those which proceed
from ice are not coid, and those which proceed from red hot
iron, do not appear to have their heat increased.

The air and dry gases, besides their insulating property,
seem also to have the faculty of confining electricity upon the
surface of bodies by the force of pressure. For, if we place
under the receiver of an air-pump, a conducting body electrified
and insulated upon supporters of glass or resin, this body, when

—mmm i mae o — —

———— e ——

leetrics, or non-electries, becanse it was believed that the first only
conld be electrified by friction. This was an error. All bodies become
electrical by being rubbed, but all are not capable of retaining the
electricity thus developed, without being insulated.
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the air is rarified to a certain degree, loses all its electricity, which
shoots off with a bluish light towards the conducting bodies by
which it may communicate with the ground. If we place under
the same circumstances, a non-conducting body, a stick of sealing
wax, for example, electrified by friction, the electricity aban-
dons it also as soon as a vacuum is produced, but more slowly
than in the case of a conducting body, and with a sensible inter-
val of time. These phenomena, therefore, seem to indicate that
the electricity is retained upon the surface of conducting bodies
only by the pressure of the air ; and that at the surface of noncon-
ducting bodies, as dry glass and resin, it is retained by this pres-
sure, joined to the difficulty which it meets with in disergaging
itself from their particles.

The conducting property of the metals is advantageously
employed to facilitate the operation of the electrical machine.
We suspend by silk cords, or place upon glass cylinders, a me-
tallic bar one side or one end of which is brought very near
the globe or plate, which is electrified by friction. Then, as the
electricity is developed, it passes to this insulated metallic cen-
ductor, and is retained there, If we touch this prime conduc-
tor, as it is called, with another metallic bar insulated in the same
way, this second bar becomes electrical also, and the electricity
may thus be transferred wherever we please. It is of little im-
portance at what point we touch the prime conductor; it will
give its electricity from any part. If we attach to it a metallic
wire of any length, as a thousand yards, for example, this wire will
also become almost instantaneously electrical through its whole
extent, provided it is equally insulated in every part. We may
also continue the communication through portions of water, in
a fluid state, contained and insulated in vessels of glass. These
are the consequences and the proofs of the free passage which
conducting hodies offer to electricity.

To insure success in our experiments, it is necessary that
the silk cords or glass tubes which serve to insulate conductors,
should be very dry; otherwise the electric properties grow
weaker and weaker, and soon cease entirely.  Very fine
dry silk thread forms an excellent insulator for light bodies.
If we suspend to a thread of this description, a small ball of el-
der pith, which is extremely light and a good conductor at the
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same time, we shall have a very simple and convenient instru-
ment for studying the theory of electricity. This little pendu-
lous body is usually attached to a moveable stand, as in fig-
ure 1.

3. If the pith ball is brought in contact with an electrified
glass tube, and is then separated without being touched, it will
be found to have acquired electric properties. It will attract
chaff, dust, and other light substances which are presented to it.
It will be drawn toward the hand if placed near it; in a word,
it has been electrified by communication.

When the air is dry, these propertics will continue a con-
siderable time, provided the ball remain unconnected with any
conducting substance ; but if it be touched, it will immediately
return to its natural state, and its electricity disappear.

4. Here, as in the case of the electrified conductor, it may
be asked what becomes of the electricity, and why does it pro-
educe no effect? The following experiment will enable us to an-
swer these questions. !

If, instead of touching the ball with the finger, we touch it
with another ball, eighty or a hundred times as large, suspended
in the same way, we shall find that the first has lost its electric
virtue almost as completely as if it had been touched with the
finger. We thus perceive that a given quantity of electricity
loses in intensity by being distributed over a larger surface ; for
the interior of the balls has no ellect, and whether they be emp-
ty or full, the phenomenon takes place in the same way. After
this, it will be readily understood that the little ball loses its elec-
tric virtue, by dividing it with the human body and the immense
mass of the earth, which are conducting bodies communicating
with it. It is on this account that we often call the earth the
eommon reservoir of electricity.

5. Let us now examine more carefully what takes place
when we bring the pith ball toward the electrified tube. At
first it is attracted by the tube, and adheres to its surface ; but
after a short interval, just suflicient for the electricity of the tube
to be communicated, it is repelled and seems to fly off as long as
it preserves its electricity. By bringing the tube, however, very
suddenly near the ball, we sometimes make the ball return, and
thus change its repulsion into attraction; this is a compound
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phenomenon, the cause of which we shall explain hereafter ; but
confining ourselves for the present to what takes place when the
tube is presented to the ball from a distance, for the purpose of
foretelling its motions after a part of the electricity has been
communicated to it, we see that it always begins with flying from
the tube. Hence we derive this important conclusion, that with
the exception of certain particular cases, the cause of which re-
mains to be explained, bodies electrified by communication,
mutually repel each otber.

It would at first scem that the preceding experiment did not
fully authorize this conclusion. Weindeed see that the ball fiies
from the tube, whose electricity it has shared, but it does not ap-
pear that the tube flies from the ball. The sole cause of this how-
ever is, that itis too heavy. The ballonly is displaced, not being
sufficient to move the tube ; but to present the subject fairly, we
take two equal pith balls, and attach them to the two extremities of
a linen thread, which is a conductor ; we next suspend this thread
from its middle point by a thread of silk, as represented in fig-
ure 2; then the two balls will communicate by the linen thread
and the silk thread will insulate them both. Now if we touch
the two balls, or only one of them with an electrified tube,
we shall see that they will not only fly from the tube whose
electricity they have shared, but from each other, and the two
parts of the thread will diverge, as represented in figure 3. Fig. 3.

6. The repulsion of the litile electrified ball takes place
equally, whatever be the nature of the tube which is employed
to give it electricity, provided that it be always the same tube
that is afterwards presented to it. Baut if after baving communi-
cated to it the electricity of a glass tube rubbed with woollen, we
bring toward it a tube of sulphur or resin, rubbed with the same
substance, instead of flying from this second tube, it will approach
it, and rush with more force than it would do, if it had not been
previously electrified. The same thing happens if we begin by
electrifying the ball with the resinous tube, and afterward bring
toward it the tube of glass; attraction takes place equally in
each case.

We find, therefore, that when a body has been electrified
and insulated like the little pendulum above referred to, other
electrified bodies which are brought near it, do not all act upon
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it in tle same manner, since some repel and others attract it.
We are hence led to distinguish electricity into two kinds, the
one analogous to that produced by glass, when rubbed, with
woollen, and which we shall call vitreous electricity ; the other sim-
ilar to that produced by resin, rubbed also with woollen, and
which we shall call resinous electricity.  'This important distine-
tion was first observed by Dufay.

All the phenomena, then, of attraction and repulsion which
we have thus far observed may be expressed by tlris very sim-
ple law 3 bodies charged with electricity of the same kind mutually
repel each other ; but when they are charged with different electrici-
ties they altvact each other.

Although this proposition seems to be purely the enunciation
of facts, yet we must not attach to it the idea of absolute reali-
ty ;5 for motions perfectly similar to those presented by electri-
fied bodies may be produced without any real attraction or re-
pulsion among the material particles. For example, imagine a
glass vessel /B filled with a heavy fluid, as water or mercury,
and suspended vertically by a cord from a fixed point S. 1If
this vessel be not touched, it will remain at rest in virtue of the
laws of equilibrium, and the fluid which it contains will give it
no horizontal motion, because the lateral pressures, exerted at
the same depth in the opposite directions /B, BA, are equal to
each other. DBut suppose that with a burning mirror MM we
direct a cone of light upon the point /4, and thus cause a small
hole in the side of the vessel at this point; then, the fluid flowing
freely through this hole, the pressure in the direction B.A will
become nothing, and the pressure in the direction 45 having
nothing to counterbalance it, the vessel will recede from the
mirror as if a repulsive force were exerted between them. On
the contrary, if the focus of the cone were directed to the point
B through the matter of the vessel, the fluid being supposed to
to be transparent, the vessel will approach the mirror as if it
were urged by an attractive force.  Still there is no abselute at-
traction or repulsion ; the motion observed is the simple effect of
the proper hydrostatic pressure of the fluid contained in the ves-
sel AB. Now this ought not only to put us on our guard against
admitting the idea of a real attraction or repulsion between the
material particles of electrified bodies ; but we shall see by and
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by, that the motions of these bodies are produced by a precisely
similar mechanical action ; for their material particles, although
electrified, do not acquire any real influence over each other; what
takes place is effected by the vitreous and resinous electricities
which cover them, and whose reciprocal actien is confined to aug-
menting or diminishing, upon certain parts of their surfaces, the
pressure exerted there by the electricity against the surrounding
air which retains it, or in general against the obstacles which oppose
its change of place. After what is now laid down, il we continue
to employ the words attraction and repulsion to denote the mo-
tions of electrified bodies, the terms are to be considered as
expressing simply the circumstances of these motions, and not
as indicating the real cause on which they depend.

The attraction and repulsion under consideration take place
not only through the air; they are exerted also through other
non-conducting hodies, as glass and resin. If we suspend within
a glass phial a stick of sealing wax rubbed and electrified, it at-
tracts light bodies situated without the phial, just as if there
were nothing interposed. This transmission manifests itself also
through conducting bodies; but it is disguised under another
phenomenon, of which we shall speak hereafter.

To discover whether a given substance, on being rubbed in
a certain manner, acquires the vitreous or resinous electricity,
we must observe the eflect it produces upon the electrical pendu-
lum previously charged with a known electricity. For example,
we touch this pendulum with a glass tube rubbed with woollen
cloth ; and it receives the vitreous electricity. We rub with the
same substance the body whoese electricity is to be tried, and
bring it toward the ball of the pendulum. If it repels the ball,
its electricity is vitreous, if the ball is attracted, the electricity
is resinous. We may vary the experiment if we choose, by
first giving to the pendulous body the resinous electricity.

As the signs of electricity in certain cases are very feeble, it be-
eomes desirable to increase the sensibility of the apparatus. This
is effected by reducing the size of the pith ball, and suspending
it by a fine silk thread. If we use, for example, one of the orig-
inal fibres,as they proceed from the silk worm, and not less than
10 or 12 inches in length, a very weak electricity will be suffi-
cient to put it in motion. There are still more sensible instru-

E. & M. .
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ments, with which we shall become acquainted as we proceed,
and by means of which we shall be able to comprehend the
most delicate phenomena ; but the one above described will an-
swer our purpose for the present.

By subjecting to this proof a great variety of bodies, rubbed
with different substances, we shall find that there is no constancy
as to the kind of electricity developed, but that this depends as
much on the nature of the rubbing substance, as on that of the
body rubbed. Polished glass, for example, rubbed with woollen,
acquires, as we have before said, the vitreous electricity ; but
when rubbed with a cat skin, it takes the resinous electricity.
Silk rubbed with resin, exhibits the resinous electricity ; rubbed
with polished glass, it acquires the vitreous electricity.

The several substances of the subjoined table take the vitre-
ous electricity when rubbed respectively with the substance
immediately following ; and the resinous when rubbed with that
which precedes;

Cat skin, Paper,
Polished glass, Silk,
Woolen cloth, Gum lac,
Feathers, Rowgh glass,
Wood.

It will hence be seen, that there is apparently no connection
between the nature of the substance and the kind of electricity
produced by it.

The only general law which is known to exist among these
phenomena, is, that the rubbing body and the body rubbed always
take different electricities ; if the one be resinous, the other is vitreous,
and vice versa.

To ascertain this in any particular case, we must insulate
the two bodies which are to be rubbed against each other. If
they are solid, we fit to them handles of glass or resin, by which
they may be held. It is well when it is possible, to give to the
substances rubbed the form of plates, that the friction may take
place over a greater surface. We may insulate and try in the same
way a solid body and pieces of cloth, fur, &c., or two substances
of the latter kind only, &c. When we have continued the fric-
tion for a short time, we separate the two bodies; and holding
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them always by the insulating handie, we present them success-
ively to a very sensible electrical pendulum, charged with a
known kind of electricity. We shall then find in every case
that one of the substances attracts and the other repels the pen-
dulous body; the electricities are therefore different. Nume-
rous experiments have been made to discover what are the cir-
cumstances which determine a body to take the particular kind of
electricity which it is found to possess, but without making known
ing any thing very decisive. Sometimes the result is apparently
determined by the most trifling circumstance ; when, for exam-
ple, a piece of polished glass is rubbed against a piece of rough
glass, the first takes the vitreous electricity, and the second the
resinous, without any one being able to tell why the polishing of
the surface should have this effect. If two ribands of white
silk, taken from the same piece, are rubbed against each other
crosswise, that which is rubbed transversely, acquires the resin-
ous electricity, and that which is rubbed longitudinally, takes
the vitreous electricity. Nothing further is known as to the ef-
fect of the direction of friction. Indeed, the result is not always
the same with the same bodies. /Epinus assures us that he has
observed this fact in rubbing a plate of copper with one of sul-
phur, and also in rubbing two squares of glass against each
other ; when separated, they were always in contrary stales of
electricity, but the same kind of electricity belonged sometimes
to one and sometimes to the other.

From these phenomena, we are led to the following curious
experiment. Two persons are placed upon stools, called insu-
lators, the feet of which are of solid glass or other insulating
substance. One holds in his hand a dry cat skin, and with it
rubs or strikes the clothes of the other, and thus acquires himself
the vitreous electricity, while he gives to the other the resinous
electricity, as may be proved by bringing near them succes-
sively, an electrical pendulum charged with a known kind
of electricity. If a person not insulated touches the persons
electrified, he will draw a spark from each of them. It is evi-
dent that these phenomena can take place only while the electri.
fied persons remain upon the insulating stool ; for if they leave
it, they immediately impart their electricity to the earth, It is
on this account, that when we insulate only one of the persons,
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whether it be the one that rubs or the one that is rubbed, the
insulated person only shows signs of electricity ; and if neither
ts insulated, no signs whatever are produced. It is manifest,
morecover, that they ought to touch or communicate with each
other only through the rubber.

A cat skin is very convenient for this and many similar
experiments, since it is very easily electrified. By passing the
hand, in dry weather, over the back of a live cat, the hair stands
crect, and is attracted to the hand; sometimes, indeed, we even
hear a crackling noise, and obtain small sparks. This takes
place only in cold weather when the air is a good non-conductor.
Dry hair is very easily clectrified by friction, especially if it is
fine and soflt.

Electricity is also produced by the friction of liquids against
solids. To prove this, we place upon an air pump a cylindrical
glass receiver, to the upper extremity of which is fitted a wooden
cup, containing a small quantity of mercury. The receiver is then
exhausted, and the mercury, being pressed by the external air,
filters through the pores of the wood, and falls in a fine shower,
which strikes against the sides of the glass cylinder. If we now
present the electrical pendulum, suspended by its silk thread, we
shall find that the part thus rubbed, is electrified. The cylinder
should be perfectly dry, in order that it may retain all its elec-
tricity, which is sufficiently feeble, when developed in this way.
by the friction of falling mercury.

We are hence able to account for an appearance often noticed
in barometers which are well freed from air. Upon being in-
clined in such a manner as to fill suddenly all the empty part of
the tube, if the experiment is performed in the dark, a faint light
is instantly seen, similar to that produced by a continued cur-
rent of electricity through a vacuum.

We may also obtain electricity by the friction of a gas against
a solid body. If a current of atmospheric air be directed against
2 pane of glass, the glass takes the vitreous electricity. A dry
silk handkerchief, on being shaken in the air, is electrified res-
mously.

Although friction is the most common, it is not the only means
of developing electricity. It is produced also by a change of
temperature, as in the fusion of metals and other substances.
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Melted sulghur being poured into an insulated metallic vessel, is
found, in cooling, to take the vitreous electricity, and the metal
the resinous ; the phenomena are sometimes reversed, but the
two kinds of electricity are always produced at the same time.

Several crystallized minerals of a vitreous nature have also
the property of becoming electrical when heated to a certain
degree. One extremity of the crystal takes the vitreous elec-
tricity, and the other the resinous, so that the parts where the
two electricities prevail are separate; still they are simultaneous-
ly produced.

Finally, electricity is also developed by various chemical com-
binations, and indeed by the simple contact of all heterogeneous
substances ; but this branch of the science requires much more
complicated and delicate instruments than any of which we have
yet spoken; we shall therefore defer the consideration of it for
the present.

Of the Laws which govern the apparent Altraction and Repulsion of
electrified Bodies.

7. The phenomena of electrical attraction and repulsion
being made known, the next thing to be done is to determine the
laws according to which these forces arc exerted at different
distances. Here we have occasion to make use of the torsion
balance, which has been successfully applied by Coulomb to
the investigation of the laws of the variation of elcctrical and
magnetic forces.

The essential parts of this instrument consist of a vertical wire,
the upper end of which is attached to a movable index, while
the lower carries a horizontal needie. When very smzll forces
are to be measured, they are made to act upon the extremity of
this needle, and their intensity is estimated by the angle through
which they cause it to move from its point of rest; in other
words, these forces are balanced by the force of torsion, which
is always proportional to the angle of torsion.*

w2 L el e . b e e

* See note on the torsion balance.
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8. To apply this instrument to the measurement of electrieal
attraction and repulsion, we make the needle of gum lac, which
is a very good non-conductor, and attach to one of its extremities
a small ball b, of elder pith. Then, having placed the index to
the graduated cirele M against zero of its divisions, we turn
the whole cap, together with the index, till the ball & is opposite
to zero of the divisions traced upon the sides of the instrument.*

This being done, we fix a second ball a at the extremity of
a very small cylinder of gum lac, of such a length that being
introduced vertically within the glass covering, this ball may
reach the level of the other; and it is to be so placed that
the ball shall answer to zero of the lateral divisions, which re-
quires the first ball to be moved from this poeint, one way or the
other, through an arc equal to the sum of the radii of the two
balls; and the small torsion which results from this motion, is
sufficient to keep them in contact.

Now it is manifest, that if we touch these balls for an instant,
or only one of them, with a body already electrified and insulat-
ed, they will be DlDElllIlEd by communication, and both in the
same manner ; they must therefore mutually repel each other;
but as the first only is moveable, the needle which carries it will
turn through a certain arc, and after oscillating backward and
forward a little, it will come to a state of equilibrium at a point,
the distance of which may be read off upon the graduated
paper. Thus the degree of torsion of the wire will counterbal-
ance the repulsive force of the two balls, and will serve to meas-
ure it

* These divisions are made upon a piece of paper, which is af-
terwards pasted horizontally around the glass covering. If the cov-
ering is circular, the divisions will be in degrees. But when we
wish to introduce hodies of a considerable magnitude, glass eylin-
ders, as they are commonly blown, are too small, and we make use
of four vertical panes, which, together form a parallelopiped. In
this case, the strip of paper containing the graduations, requires to
be divided into tangents, zero being at that point on each pane,
where the needie is perpendicular to the pane.
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This is in fact the course to be pursued; but as an extreme-
ly small force is sufficient to twist a fine wire through a very
great angle, it is obvious that the balls will require only a very
small charge of electricity. For this purpose, we simply touch
them with the head of a large pin, electrified by communication,
the body of the pin being concealed in a stick of sealing wax;
the contact is effected by means of a small aperture in the glass
covering made for this purpose, the stick of sealing wax serving
as an insulating handle.

Proceeding in this way, Coulomb found in one of his experi-
ments that after the electricity was communicated, the needle
described an angle of 36°. He then twisted the suspending wire
in a contrary direction, so as to bring the needle to the distance
of 18 from the fixed ball, and in order to this he was obliged to
turn the index 126°.

Finally, he twisted the wire so as to bring the needle to the
angular distance of only 81°, when the whole motion of the index
was found to be 567°

During this experiment, the balls did not sustain any sensible
loss of electricity. For by previous trials on the same day,
Coulomb ascertained that electrified balls, diverging 30° from
each other, lost only one degree of their divergence in three min-
utes ; and as he employed only two minutes in making the above
experiment, we may safely neglect as insensible the diminution
of electricity sustained by the balls, either on account of the
contact of the air, or by loss along the supports. This was ow-
ing, as we shall see by and by, to the dryness of the air at the
time of the experiment, and to the excellent choice of the insu-
lating supports.

In order to obtain the results to be derived from this experi- Fig, 6.
ment, let us represent by a b d the circumference described by
the moveable ball b; let ¢ be the centre of this circumference,
and let us take the arc ab equal to 36° the first distance to
which the ball was repelled. It appears that in this case the
repulsive force of the two balls, was counterbalanced by a tor-
sion of 36% exerted in the direction b ; for by the arrangement
made at the commencement of the experiment, the torsion is
nothing when the needle is directed toward the point a.
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In the second case, the wire was twisted 126° in the direction
ba. 1f the needle were {ree, this torsion would carry it to d',
126° beyond the point @; but, on the contrary, the repulsive
force retains it at & 18° this side of @. Therefore at this point
the repulsive force of the two balls would hold in equilibrium a
torsion of 126° 4 18° or 144°.

Finally, in the third case the torsion indicated by the graduated
circle, was 567° always in the direction b ¢; but instead of go-
ing 567° beyond the point @, the needle stood at 83° on this .
side of the point; thus the repulsive force which kept it at that
distance was equivalent to a torsion of

567° + 8 1° or 5751°.

Accordingly we have in the following table the relative tor-
sions and distances.

:‘!.lrgl_lllli-l'_ﬁi-!*l‘rllli-t‘:l:wl.-lﬁll-l; sieasure of the repul-
two balls. sive force by the tor-
sion.
E wy i 0
| 36 36
!; 187 144°
! g1° 57540

A remarkable law is hence manifest. The angular distances,
contained in the first column, are nearly as the numbers 1, %, 1,
while the corresponding torsions, which measure the effect of the
repulsive forces upon the needle, are as the numbers 1, 4, 16,
that is, inversely proportional to the squares of the preceding.
These ratios, therefore, make it evident that the electrical forces,
like the attractions of the heavenly bodies, are in the inverse ra-
tio of the squares of the distances.

Strictly speaking, the distance of the two balls is the chord
of the arc by which they are separated, and not the arc itself.
Moreover, the repulsive force which they exert upon each other
acts obliquely, and consequently is not wholly employed in pro-
ducing the divergence. But this obliquity is very small in our
experiments, on account of the small extent of the arcs; and for
the same reason, there is very little difference between the arcs
and their chords. It will hence be perceived, that our conclu-
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sions are fairly made out. But we may put the subject beyond
all doubt, by performing the calculation in a rigorous manner.
We thus find, that where the arcs of divergence do not exceed
36°, the ratiosédeduced from the arcs, and those obtained from
the rectilineal distances, do not differ by any sensible quantities.
Confining ourselves, therefore, within these limits, we may apply
the law of the squares of the distances to the arcs themselves,
and thus very much simplify the calculations. .

9. The wire employed by Coulomb in his experiments was
of silver, and on account of its fineness, its sensibility as to tor-
sion was very great. Other instruments still more sensible were
invented by the same philosopher for the purpose of indicating
the minutest quantity of electricity. These instruments, which ..
we shall call electroscopes, are true electric balances, in which a i
single fibre of silk, as it comes from the silk-worm, takes the
place of the metallic wire, while the needle is a small thread of
gum lac, about an inch in length, terminated at one of its ex-
tremities by a very small disc of tinsel.* In one of these
instruments used by Coulomb, the weight of the needle and
the tinsel together did not exceed } of a grain. A fibre of silk of
four inches in length, has such a flexibility, that with a lever
an inch long, it requires a force equal only to the sixty-thou-
sandth part of a grain to twist it 360°. To communicate the elec-
tricity to the disc, we pass through a stick of sealing wax, a cop-
per wire, terminated at one end by a small ball of elder pith gilt,
and at the other by a metallic ball, or by a hook the point of
which returns into the wax. This stick thus armed is introduced
into the glass covering, the hook being outward, and it is so fixed
that the centre of the gilt ball, being seen in the direction of the

* These threads are easily formed, by warming in the flame of
a candle the middle of a small stick of gum lac, and holdiug it at the
same time by its two extremities. When the resin begins to melt, we
pull the two ends rapidly asunder, and the melted matter is common-
ly drawn out into a very fine thread, which adheres to the two sol-
id ends. In the same way we draw out threads of sealing wax and
even of glass ; but for the latter substance, unless we employ a tube
already very fine, the heat of a candle is not suflicient, and we are
obliged to use a blow-pipe.

E. & M. 3
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suspending wire, answers to zero on the sides of the covering.
When the needle is at rest, we turn gently the index to the grad-
uated circle till the tinsel comes in contact with the gilt ball;
the instrument is then ready for use. If we communicate elec-
tricity to the hook, it is transmitted to the ball and to the tinsel
disc, which is immediately repelled. The sensibility of these
electroscopes is such, that if after having electrified by friction
a stick of sealing wax, it is presented to the exterior hook, even
at the distance, for example, of three feet, the needle is imme-
diately repelled more than 90°. We shall see hercafter how
electricity may be thus developed at a distance without any con-
tact. At present we give this result only as a proof of the ex-
treme sensibility of the instrument. By means of this electro-
scope, it would be easy to repeat all the experiments mentioned
in the preceding chapter, on the nature of the electricity excited
in different bodies by their mutual friction.

10. After having determined the laws of electric repulsion,
we naturally direct our attention to those of attraction exerted
between bodies charged with different electricities; and here
also we follow the example of Coulomb. But in this case the
balls must not touch each other in their first position before be-
ing electrified; on the contrary, they must be separated, and
the torsion must prevent them from uniting. For this purpose,

_ we begin with taking away the fixed ball ; and by means of

an insulated pin-head, we give to the moveable ball an elec-
tricity of a certain kind, for example, the resinous. ~ This being
done, we turn the index through a certain known angle c;
the wire being free will follow this motion, and after some
oscillations, the extremity of the needle will come to a state of rest
hefore a certain point b of the lateral divisions, which will be ¢
degrees distant from its first position. This operation will there-
fore have transferred the zero of torsion through the known an-
gle ¢ in the direction a b.

We now replace the fixed ball @ and give it a different elec-
tricity from the former, that is, the vitreous. The two balls
being attracted toward each other, the needle will move toward
the fixed ball @, and if an equilibrium be possible, it will stop at some
point /. We note this point, and then turn the graduated cir-
cle backward and forward through known angles, for the purpose
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of varying the torsion, and we note in each case the points where
the needle becomes stationary. Comparing these torsions and
distances, as in the experiment on the variation of repulsive fore-
es, we shall find that the same law obtains in both. We con-
clude, therefore, that the attractive forces exerted between dif-
ferent electricities, like those of repulsion in the case of electric-
ities of the same kind, are inversely as the squares of the dis-
tances.

In the above experiment, a precaution is to be observed,
without which we should not succeed. When the attractive
force of the two balls causes them to approach each other, the
intensity of the attraction increases as the distance becomes less,
and if no other cause came into operation, they would come in
contact. But the torsion is opposed to their approach, and the
resistance increases as the needle departs from the point & to-
wards the other ball. Now within a certain distance, this resis-
tance does not increase rapidly enough to overcome the increase
of the force of attraction, so that an equilibrium being impossible,
the balls having reached this point, approach more and more,
and finally unite. A very simple calculation would make this
evident, and determine the limits of departure to be observed.

It even happens, sometimes, that they still unite under the cir-
cumstances in which, according to the calculation, an equilibrium
is possible. This takes place because the suspending wire admits
of an oscillation in the needle, for some time, about the point of
equilibrium where it must finally stop. If the extent of these
oscillations be such as to carry the moveable ball sufficiently
near to the fixed ball for the attraction to increase more rapidly
than the force of torsion, this tersion will not be sufficient to bring
back the needle, and the balls will come in contact.

11. Coulomb has also determined the law of electric at-
traction by another method, which I shall describe here, he-
cause it serves to verify the preceding, and also because it will
be of use when we come to treat of magnetism. It consists in
suspending horizonally, by a single fibre of silk, a needle of gum
lac, the extremity of which carries a disc of tinsel, which is to
be electrified. Before this needle, at some distance, we place a
globe charged with a different electricity, which attracts it and
causes it to oscillate in virtue of its action. We then determine
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by calculation the attractive force at different distances of the
electrified globe, from the number of oscillations of the needle
which take place in a given time, just as we determine the force
of terrestrial gravity from the number of oscillations of the
common pendulum. The results thus obtained confirm the law of
the inverse duplicate ratio of the distance, before discovered by
means of the torsion balance.

12, The same method would serve also to determine the law
of repulsive forces; for by communicating to the globe and to
the disc similar electricities, the disc will be repelled, the direc-
tion of the needle will be inverted, and it will oscillate in virtue
of this repulsion in a direction diametrically opposite to the for-
mer; but with the exception of this turning, which will affect
the distance of the disc from the globe, the observations and the
calculations will be the same as in the preceding case.

By means of the results which we have obtained, we can
calculate, for all poszible distances, the force of attraction or re-
pulsion of two electrified balls, when we have determined this
force for a single known distance.

But this gives us only the measure of the total effect; we do
not know what proportion each ball contributes. Still, unless
they are perfectly equal and equally electrified, it is manifest
that they must contribute unequally. It is proposed, therefore,
to discover this proportion; which is readily done, if we could
give to one of the balls, or take from it, a portion of electricity
having a known ratio to that which it had before. For, by
measuring the new torsion which produces an equilibrium in this
new state, and comparing it with that which took place before
at the same distance, we should discover what influence the prop-
er electricity of each ball has upon the total effect. Now it is
very easy to take from each ball half its electricity. To this
end, we have only to touch it for an instant with another ball
of the same substance, of the same diameter, and equally insu-
lated ; for it is manifest that the two balls being perfectly similar,
the electricity will be equally divided between them, so that after
the contact, the proper action of the ball touched will be less by
one half. Now by proceeding in this way, we find that the total
force of attraction or repulsion, which was at first exerted be-
tween this ball and the fixed ball of the balance, is, after the
contact, reduced exactly one half,
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This method of reduction is not confined to halls, but ex-
tends to circles, and probably to all bodies whose figure or dis-
tance asunder is such, as to admit of their being considered as
points. Coulomb substituted instead of the fixed ball of the bal-
ance, an iron circle { of an inch in diameter, leaving always a
pith ball at the extremity of the needle. He electrified these
two bodies simultaneously by means of the head of a pin, and
the repulsive force separated the needle from the circle; when
it was brought back and placed at a distance of 30° the index
pointed to 110°; the repulsive force therefore was 140° He
then touched the little iron circle by another of the same sub-
stance and same diameter ; the needle immediately approached
the circle, and to bring it back to the distance of 30% it was
found necessary to untwist the wire till the index stood at 40°;
therefore the repulsive force was reduced to 40° -+ 30° or 70°,
the half of 140° the measure of its former intensity.

13. B_}f these nxperim‘en[a, moreover, we are made acquaint-
ed with a remarkable fact, namely, that the distribution takes
place in exactly the same proportion, whatever be the substance
of the conducting bodies placed in contact, provided their forms
and dimensions are the same. Coulomb touched the fixed pith
ball with a ball of the same size of copper and of several other
substances ; he touched the iron circle also with a circle of paper
of the same diameter; and the distribution was always into equal
parts.

14. These experiments lead to two important coneclusions.
The first is, that the total force of attraction or repulsion, vary-
ing for each distance in the same ratio as the quantities of elec-
tricity belonging to the two bodies, it follows necessarily that the
expression for the force in question is proportional to the pro-
duct of these two quantities. Then each ball or each circle
contributes to the entire force which attracts or separates them,
according to the value of the factor which it introduces
into this product. In future we shall call this factor the
electrical reaction of the ball or circle of which it measures the
action, and we shall extend by analogy the same denomination
to all bodies of whatever form, when we observe their elee-
trical action at so great a distance that they may be considered
as simple points.
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15. The second conclusion is, that, since the distribution of
electricity between conducting bodies of the same size and fig-
ure, takes place always in equal proportions, whatever be the
nature of the substance, it follows that these bodies do not act
upon electricity by a chemical aflinity depending on the nature
and arrangement of their material particles, but are, with respect
to it, merely vessels or receptacles in which it distributes itself
mechanically according to its own proper laws.

Of the Laws according towhich Electricity s dissipated by the Contuct
of the Air, and along the Supports which retain it but imperfectly.

16. The general law of electric attraction and repulsion will
be understood from what precedes ; but to verily with exactness
the consequences to be deduced from it, and to follow out the
electric principle into its most minute effects, we must assure
ourselves of its uniform intensity, or at least determine the laws
according to which this intensity diminishes by contact with
the air and by the imperfection of the insulating supports.
Such is the object of this section, for the substance of which
we are still indebted to the labours of Coulomb.

17. When an electrified conducting body rests on insulating
supports, its electricity diminishes more or less rapidly, and
finally disappears. Many causes conspire to produce this effect.
In the first place, there probably dees not exist in nature a per-
fectly insulating substance; for we know no one which does not
transmit, at least along its surface, a strong electricity ; glass,
sealing wax, even gum lac in this way transmit it sensibly, al-
though with difficulty. Of this we may satisfy ourselves by
forming cylinders of these substances; and holding them suc-
cessively for some time in contact, at one extremity, with the
prime conductor of an electrical machine. For, upon taking away
the eylinder and presenting this same extremity to the needle
of the electroscope, we shall see that it is impregnated with the
electricity of the conductor ; and even on cutting off the end of the
eylinder, we shall still find that the electricity is also propagated
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over the rest of the surface to a certain distance, with decreasing
intensity.

~ All the supports employed to insulate an electrified body,
must draw off more or less of the electricity ; and if they are
short enough to be thus electrified throughout their whole length,
they will cause a gradual but continual waste, so that from this
circumstance alone the electrical reaction of the insulated body
must become weaker and weaker.

18. Secondly, electrified bodies are always surrounded and
in contact at every point of their surfaces, with the atmosphere
which transmits the electricity with greater facility, according
to the quantity of aqueous vapour which it contains; and per-
haps, according to modifications arising from heat and other cir-
cumstances, in the very properties of its chemical elements, so
that we may generally regard it as composed of an infinity of
more or less perfectly conducting atoms. Accordingly, each
particle of air which touches an electrified body must take a
part of its electricty. But after it is impregnated in the propor-
tion which belongs to its magnitude and conducting power, it is
immediately repelled, and its place is taken by another, which
is also electrified and driven away in its turn ; and thus by the
effect merely of these successive contacts, continually rencwed,
the electricity of bodies must diminish, according to a progres-
sion depending on the conducting power of the air.

Finally, the aqueovs vapour suspended in the atmosphere
contributes to this dissipation in another way; for it attaches
itself to the supports in greater or less quantity, according as it
is more or less abundant, and according as the matter of the
supports has greater or less affinity for water. Such of these
particles as are nearest to the electrified body, receive the elec-
tricity from it immediately; and if the force with which they
are then repelled by it is less than their adhesion to the sup-
port, they must transmit this electricity in part to the neigh-
bouring particles, and they, in the same way to the next; so
that all these particles being good conductors, form, as it were,
a chain upon which the electricity must go on decreasing from
the conducting body, but which, nevertheless, will finally con-
duct it to the ground, if the support is not long enough to prevent
it. If the particles which form this chain are nearer to each other
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than those in the air itself, which is often the case, the electric-
ity will be dissipated more rapidly along the support than by
the contact of the air; and this frequently happens, as we shall
presently see.

19. Whatever difficulty there may seem to be in guarding
against the last cause of dissipation, it will be seen to be indispen-
sably necessary to do it in order to be able to determine the loss
of electricity occasioned by the contact of the air simply, and for
the purpose also of making allowance for this same cause of
waste, in experiments where it is blended with the loss occasion-
ed by the supports. The only means of eflecting so important
an shject, is to choose for supports the substances which insulate
best, and to make them so small as to admit, in contact with their
surfaces, but few particles of water or other conduciing matter
in comparison with the surrounding atmosphere ; for in this case
the support will insulate, to say the least, as well as the air, and
the extent of its contact with the electrified body being very
small we may neglect its effect entirely.

By several experiments conducted upon this principle, Cou-
lomb found, that when the intensity of the electricity was not
very great, a small cylinder of sealing wax or of gum lac, 75 of
an inch in diameter, and 1} inch inlength, was almost always suf-
ficient to insulate perfectly a pith ball of £ of an inch in diameter.
For the electricity was not dissipated any faster when the ball was
supported by several of these cylinders, than when it was sup-
ported by one only, although the facility for dispersion was in-
creased with the number of points of contact. He ascertained
also that when the air was dry, a very fine thread of silk drawn
through boiling sealing wax, and thus forming a little eylinder of
not more than ;% of an inch in diameter, answered the same pur-
pose, provided its length was 5 or 6 inches. A thread of glass
drawn out in an enameller’s lamp to 5 or 6 inches in length, will
not insulate the ball except in very dry weather, and when it is
feebly charged with electricity ; the same may be said with res-.
pect to a hair or a sill thread, at least if they are not covered
with sealing wax, or, which is better, with pure gum lac.

20. After making these preliminary experiments, Coulomb
soldered the fixed ball of the balance to the end of a thread of
pure gum lac 1} inch in length, which was terminated with a
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very fine thread of silk covered with sealing wax, so that this
ball might be considered as perfectly insulated. The moveable
ball was no less so, since the needle which carried it was also a
very fine cylinder of gum lac. Coulomb first made these two
balls of equal diameter, and he employed a balance of such sen-
sibility, that the torsion of an entire circumference, answered to
a force at the extremity of the needle of ;1; of a grain. The
zero of torsion of the wire being brought to the centre of the
fixed ball, and the two balls being in contact, they were touched,
as in the former experiment, with the electrified head of a pin}
the moveable ball was repelled, and, after several oscillations,
fixed itself at a certain distance from its point of departure, for
instance, at 40°

The suspending wire was then twisted so as to bring it
back to a less distance, as 20° for example. To do this, it was
necessary to turn the index of the graduated circle 140°. Thus
the torsion, equal to the repulsion of the two balls, was 140°
20° or 160°.

The moment when the moveable ball stopped at this distance,
was observed with a seconds-watch, and found to be 50 minutes
after 6.

As the electricity is dissipated by the contact of the air, the
repulsive force of the balls gradually diminishes ; and after some
minutes they become nearer to each other than 20°. To bring
them again to this distance, we untwist the wire by a known
quantity, for example, 30°. Its force of torsion being diminished
by this quantity, the moveable ball is driven further off than 20e.

We wait till the loss of electricity brings it back to this
distance, and observe the time. This was found to take place
at 53 minutes after 6, and consequently, 3 minutes after the
first observation ; the ferce of torsion then equal to the repulsion
of the two balls, becomes

140° — 30° 4+ 20° or 130°

The loss of repulsive force between the two experiments, was

therefore equal to 160° — 130° or 30°, that is, to the, quantity

by which the wire was untwisted to bring the balls to the same

distance. This effect was produced in 3 minutes; and as in

small intervals we find it is proportional to the times, it follows
E. & M. 4
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that the loss is 10° a minute. Moreover the mean repulsive

: 160° 130e
force between the two experiments, was ;I_ or 145°

S

Comparing this with the observed diminution, we see that the
clectrical force of the two balls diminished on this day by
]% or iil'_ a minute, on account of the contact of the air only.

By experiments of this kind, Coulomb constantly found that
on the same day, and with the same state of the air, the loss of
clectricity for a short time was proportional to its intensity, and
that thus the ratio of these two elements is invariable. But this
ratio changes with the state of the hygrometer, and consequently
with the quantity of aqueous vapour suspended in the air.

21. A greater number of experiments on this subject would
serve to discover the ratio between the quantity of aqueous va-
pour, and the greater or less rapidity with which the dispersion
of electricty takes place. We might thus determine also whether
this vapour is the sole cause of the phenomenon, or whether the
pressure and temperature of the particles of the air itself are not
also concerned.  If we were able to estimate the influence of these
different causes, we should perhaps find the electrical balance to
be the most exact and sensible of all hygrometers. We might
at least, from the simple indications of meteorological instru-
ments, assign the proportional loss of electricity sustained. For
want of these data we are obliged to determine this proportion
directly by experiment for each particular time, when we have
occasion for exact experiments on the intensity of electrical
forces.

92. It is very fortunate for us in our experiments, that the
law of decrease happens to be so simple ; since, for the same state
of the air, it is proportional to the repulsive force, we have oc-
casion only for a single experiment each time, in order to ap-
ply the necessary correction to any number of cases. Moreov-
er, the law which we have discovered, enables us, when the in-
tensity of an electrical force and its rate of decrease are once
determined, to calculate it for any other given moment. By ex-
amining the results thus obtained, we learn that the same law
of decrease is applicable to cases where the two bodies acting
upon each other, are of unequal magnitudes, and charged with
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unequal quantities of electricity. Indeed, whatever be the mag-
nitude of the fixed ball compared with the moveable one, and
whatever be the quantity of clectricity at first given to them,
whether they are electrified simultaneously, or one after the
other, and in whatever proportion, the momentary decrease of
their whole repulsive force, measured at the same distance, is al-
ways in the same proportion to its intensity ; and thus our ex-
periments are all equally suited to the purpose of finding this
common ratio. Moreover, this ratio is still the same when we
employ balls of different substances. The nature of the substance
has absolutely no influence on the loss of electricity occasioned
by the contact of the air, at least with respect to the portion
which acts at a distance by attraction and repulsion ; and this
confirms the observation which we have before made, that mate-
rial bodies do not seem to retain the electric principle by any
proper affinity, but by the effect simply of the resistance which
is opposed to it by the surrounding air. For example, in weath-
er when the electricity was decreasing at the rate of 5 a minute
for each of the pith balls of the balance, Coulomb found that it
decreased also ;% when he substituted for one of these balls a
ball of copper; and, which will appear still mere extraordinary,
the decrease was also ;5 for a hall of sealing wax, which had
been charged with electricity, by bringing it in contact with a
body strongly electrified ; and thus the surface of such a body
opposes no difficulty, to the transmission of the electric principle,
and has no influence in retaining the portion of this principle,
which manifests itself by its reaction, when once it becomes
free.

23. We have as yet considered only bodies of a globular
shape; but whatever may be the figure of the electrified body,
whatever its magnitude and the distribution of its repulsive force,
if the air is very dry and the electricity communicated not very
intense, the ‘%umentary decrease of the repulsive force is always
the same, and preserves always the same ratio to its intensity.
This was demonstrated by Coulomb with a globe of a foot in
diameter, and with cylinders of all diamefers and all lengths.
He substituted for the balls of his balance, circles of paper or
metal ; he also, in one instance, armed one of them with a cop-
per wire £ of an inch in length, and ;% in diameter; and he
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found that, at the time of his experiments, the repulsive force of
all these bodies, although so different in form, decreased by the
same quantity, namely, 15 in a minute. But it is necessary to
remark, that this equality of decrease for bodies of different
forms takes place only when their electricity is already consider-
ably reduced, and reduced so much the more, according as the
air is more moist. For all angular bodies, when possessed of a
strong electricity, lose at first this excess by a much more rapid
decrease, as we shall have occasion to show hereafter, when we
come to speak of the electricity of points. This phenomenon
may be rendered evident to the senses, without the aid of the
balance, by connecting the prime conductor of an electrical ma-
chine with a metallic bar, having sharp angles or points. For,
upon putting the machine in motion, the experiment being per-
formed in the dark, the electricity communicated to this bar,
will produce, as it flies off from the points, beautiful tufts of light.
I do not mean to say that this fire is itsell the electricity, for
herein is involved a question to be examined hereafter ; but as
light always attends the rapid escape of electricity, it is at least
a sign and indication of this escape. It would be well worth our
attention to inquire whether, the state of the air being the same,
the two kinds of electricity are dissipated at the same rate. [
have made the examination, and find that this is in fact the
case.

24. The law of the gradual dispersion of electricity, produc-
ed by the mere contact of the air, being thus known, Coulomb
proceeded, according to the same method, to determine that oc-
casioned by the imperfect insulation of the supports.

The course which first suggests itself, is to choose such sub-
stances for supports, that the loss arising from this cause shall
be very great, compared with that depending upon the contact
of the air. But this very rapid decrease would begattended with
a serious inconvenience. For every time we touch the balance,
either to give the balls their first electricity, or to change the
torsion by means of the graduated circle, the needle does not re-
iurn to a quiet position till after several oscillations. Itis therefore
necessary that the insulation should be pretty perfect, that the
electricity may not sustain in this interval very great variations
of intensity, and that we may be able to make several experi-
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ments of this kind successively, without giving to the balls a
new charge. Accordingly, Coulomb instead of suspending the
fixed ball of the balance to a cylinder of gum lac, attached it to
a single fibre of silk, as it comes from the silk worm, of about
fifteen inches in length. The moveable ball at the end of the
needle was always insulated as perfectly as possible, and made
equal in magnitude to the other. Coulomb measured, as before,
the repulsive force of the two balls at different times, and hence
calculated the decrease of the electricity. He found this de-
crease to be much more rapid than that produced by the air
alone, when the intensity of the repulsive force was considerable,
but that it became gradually less rapid as the intensity dimin-
ished ; and thus at a certain point, the ball, supported by the
silk fibre, lost precisely as much as when it was insulated in the
most perfect manner; and this limit being once attained, the
same equality continued through the lowest degrees of intensity.
We hence learn, that at this point the thread begins to insulate
perfectly.

In these experiments, the moveable ball can lose its electric-
ity only by the contact of the air. We may therefore calculate
for any instant, the state of its electrical action from the law of
decrease above established; and as the whole repulsive force,
obtained by observation, for this instant, makes known the amount
of the reciprocal electrical action of the two balls, we can thence
deduce, for the same instant, the electric action of the fixed ball.
By this calculation, therefore, the effect of imperfect insulation
is determined. Applying it to the experiments we have mention-
ed, Coulomb was able to fix the degree of clectrical action at
which each of the supports used by him began to insulate per-
fectly ; and he found that the intensity of this action was pres
portional to the square root of their respective lengths ; in other
words, that for the same state of the air, a quadruple length of
support insulates perfectly a double quantity of electricity; it
being well understood that this proportion is restricted to sup-
poris of a eylindrical form, which differ only in respect to length.
When the substance or its figure is changed, it is necessary to
deduce the ratio from the formula itself. Culculating in this
way, from experiment, the intensity of the electrical action, at
which perfect insulation hegins. in the case of threads of gum
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lac and of silk of the same length and diameter, we find that it
1s ten times greater for the first substance than for the second.
By similar calculations we may compare together the conduct-
ing power of all substances which transmit electricity imper-
fectly.

In order thus to compare one substance with another, it is
by no means necessary that the balls of the balance should be
observed at the same distance in the two series of experiments ;
it is enough that this distance be constant in each series, and
that we substitute its value each time in the formula. It is
equally immaterial what degree of electricity we give to the
balls, But it is always necessary that they should be equal and
simultaneously electrified ; it is also necessary that they, as well
as the torsion wire, should be the same in all the experiments;
otherwise the ratio of the torsions to the repulsive forces would
not be the same in the different series, which would render the
comparison of them more difficult and less direct. These are
the only iudispensable precautions to be observed.

Of Electricity in a State of Equilibrium in insulated Conducting
Bodies.

25. Knowing how to reduce the electrical action of bodies to
a constant state, notwithstanding the continual loss which takes
place by the contact of the air, and along the supports, we are
prepared to inquire into the mode in which electricity distrib-
utes itself among the different parts of the same body, both in
dis interior and at the surface.

Now, from what we have already learned upon this subject,
it would seem very probable that the electricity is confined en-
tirely to the surface of conducting bodies, and that their interior
particles have no effect in retaining it; otherwise, it is not easy
to perceive how the mere circumstance of equality of surface in
the case of two bodies in contact, should produce between them
an equal division of electricity, whatever be the substance of
the bodies themselves, or how this equality should take place
when one of the bodies is solid and compact, and the other hol-
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fow and presenting scarcely any thing but a simple surface;
whereas all these things become simple and intelligible, on the
supposition that the electricity, in a state of equilibrium, is dif-
fused only over the surface of bodies, without penetrating into
the interior.

96. This property, suggested to us by analogy, is of sufficient
importance to be made the subject of direct investigation.

It may be rendered evident, in the first place, by the follow- Fig. 9.
ing experiment. Take a conducting body S of a spheroidal fig-
ure; form in likemanner, of a conducting substance, two very thin
caps E, E, of gilt paper, for instance, and give them such a shape,
that being joined, they will exactly cover the body S, attaching to
them tubes of gum lac EM, EM, by which they may be removed
and replaced, without being deprived of their electricity. This
done, put the body S upon an insulating support, or suspend it by
a very fine silk thread covered with gum lac, and give it any
portion whatever of electricity. Then, after touching the two
caps to make it certain that they are not electrified, place them
upon the spheroid S, holding them by the extremities of their
insulating handles ; after a moment’s contact, withdraw them, and
present them to an electrical pendulum. We shall find that they
have taken off the electricity of the spheroid, and taken it en-
tirely.

27. We may also verify this property in another and more gene-
ral way; for the body, submitted to trial, may have any form what-
ever, and the experiment be made without taking from it any of
its electricity. We have only to pierce the surface of this body
with one or more small cylindrical holes 1 of an inch in diameter
and of any depth ; we next draw out a thread of gum lac of several
inches in length, to the end of which we attach a small circle of
gilt paper, like that of the needle of the electroscope, and having
a diameter of 1 or } of the size of the holes. This being done,
we insulate the body S, and electrify it strongly by sparks from
the prime conductor of an electrical machine, or in any other
way ; then holding the thread of gum lac by its free extremity, we
carefully introduce the-gilt circle attached tv it into one of the
openings of the body S, taking care not to touch the edges of the
opening. Upen witbdrawing the circle, it will be found not to
possess the minutest portion of electricity. But if, after having
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repeated this experiment with the same result, we touch the eir-
cle for an instant to the exterior surface of the body S, or enly
to the edge of one of the cavities, it will be seen to exert a lively
action upon the needle of the electroscope. We infer, therefore,
that the electricity of the body S resides wholly on its surface,
and not at all in the interior. Not only is there none in the in-
terior, but it is impossible to fix any there; for if we charge
directly the circle of gilded paper, by taking the electricity
from another body or from the exterior surface of the body S,
and then introduce it into the cavity of this body, all the elec-
tricity which it had acquired abandons it, and passes into the
body enveloping S, where it immediately gains the exterior
surface; and the little plane being withdrawn from the cavity
where it was introduced, is found to be discharged.

This result applies generally to all bodies of whatever figure,
but on repeating the experiment, we sometimes find that the gilt
circle, on being withdrawn from one of the cavities, shows some
feeble signs of an electricity of a contrary nature to that of the
hody 8, and which does not disappear even when we touch the
circle in order to discharge it. The circumstance of this elec-
tricity being thus permanent, proves that it does not belong to the
gilt circle itself, but is communicated to it by the gum lac, which
restores it as fast as it is taken off’; and accordingly we can de-
rive from it no evidence of the existence of electricity in the
interior of the body S. Now how could the thread of gum lac,
which carries the circle, without touching the edges of the aper-
ture and by proximity alone, thus acquire an electricity con-
trary to that of the body S§? This phenomenon will be explain-
ed soon, when we come to treat of the development of electricity
at a distance. For the present 1 shall merely observe, that this
effect, which is purely acccidental, is almost always insensible
when the gum lac is pure, the air dry, and the cylinder suffered
to remain in the cavity only for a short time.

We may rest assured, therefore, that the electric principle,
whatever it may be, resides on the surface of conducting bodies,
and not in their interior. We know, moreover, by further ex-
periments, that the air retains it upon the surface, and is the
only obstacle which prevents its escape from the body. Hence,
combining these two facts, it will be seen that the electric princi-
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ple always distributes itself over conducting bodies in a very
thin stratum, whose exterior surface, being contiguous to the air,
and confined by the pressure of this fluid, is the same as that of
the electrified body, while the inner surface, almost coincident
with the other, since the stratum is very thin, must be determin-
ed according to other laws, to be deduced from ebservation.

28. For example, when the electrified body is a sphere, the
circumstance of symmetry alone requires that the inner surface
should also be spherical and concentric with the outer ; for it must,
like the body itself, be symmetrical in every direction about the
centre. When we accumulate successively upon a sphere great-
er and greater quantities of eclectricity, we may suppose, either
that the newly added quantities dispose themselves spherically
under the first, and augment the thickness of the stratum, or that
the thickness remaining the same, the density of the electricity
is augmented at each peint. It is of no importance, in practice,
which way we consider it; for the thickness of the stratum being
always very small, all the electrical particles collected under
each infinitely little superficial element, must act by attraction
or repulsion upon external bodies just as if they were all con-
centrated in a single point, and consequently as if they were in-
finitely condensed. Thus their action will always be proportion-
al to their number, in whatever way they are regarded. But,
considering the subject physically, the notion of a thickness es-
sentially limited does not seem natural; for there is no obstacle
in the interior of a conducting body, to prevent the electricity
from spreading in that divection ; if it does not so spread itself,
it must be on account of the laws of its equilibrium; and for this
reason it becomes extremely probable that for each given quan-
tity of electricity, the thickness of the electrical stratum depends,
in like manner, upon these laws.

29. The above method of trying the electricity of a conduct-
ing body, by touching it with a circle of gilt paper, insulated at
the end of a thread of gum lac, is applicable to a variety of cases.
It will serve to show, not only the existence and the nature of this
electricity, but also the absolute quantity which may be collected
upon each point of the surface. For this purpose, instead of
presenting the little plane to the electroscope, as in the preced-
ing experiment, we substitute it for the fixed ball of the balance

E. & M. 5
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and observe its action upon the moveable ball or circle, pre-
viously charged with clectricity of the same kind. The small
magnitude of these bodies, permitting us to consider them as points,
it is manifest that the electrical action of the small plane will be
proportional to the quantity of electricity with which it is covered ;
and if we always introduce it into the balance without any loss
being sustained by the moveable ball er circle, the torsions nec-
essary to bring them successively to the same distance will give
the ratios of the different charges. Now, since a very small
plane applied to a body is confounded with an element of its
surface ; we must presume that these charges will also be pre-
portional to the charges of the points where the circle is applied.
And we may thus hope to determine how the quantity of elec-
tricity, or which amounts to the same thing, how the thickness
of the electrical stratum varies upon different points of a body
on which the electricity is not uniformly distributed.

Talke, for example, a conducting body of any figure what-
ever, and place it upon an insulator, and, after having given it a
cerlain portion of electricity, touch it with the small plane in a
point ¢, capable of being exactly determined ; place this plane
in the balance, previously charged with electricity of the same
kind, and observe the torsion necessary to counteract the repul-
sion at a given distance D) ; let this torsion be represented by /.

Then withdraw the little plane, and touch the conducting
body in another point , different from the former, but capable
in like manner of being determined, and apply it to the balance,
ascertaining the torsion necessary to bring the needle to the
point D), as in the first experiment. Let this torsion be n /4, its
ratio to the first being expressed by n. If, after an interval of
some minutes, we repeat these experiments, placing the little
plane upon the same points a, @/, we shall not find the same ab-
solute torsions as before, because the insulated body will have
lost a part of its electricity by contact with the air; but the
ratio of these torsions will remain the same.  If the first becomes
A, the second will be n2.  In order that the comparison may
be perfectly exact, there should be the same interval between
the successive contacts of @ and & as in the first experiment.

We shall arrive at similar results, however often we may
choose to repeat the experiment, and the ratio of the torsions will
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continue the same as long as there remains a sensible quantity
of electricity upon the insulated body. Moreover, if we have
noticed the tiimes at which the successive experiments have been
made, we shall see that the absolute deerease of the torsions is
exactly such as ought to result {rom the simple contact of the
air; in other words, the mutual repulsion of the small plane and
the moveable circle, at any moment, is exactly the same as
if we had left the plane in the balance with the charge of elec-
tricity which it had taken from the point @ or a', in its first con-
tact. Consequently,the absolute quantity of electricity received
at each contact, is proportional to the actual and total amount of
electricity in the body.

This proportion may also be made evident by the following
experiment.

30. Let the insulated body be a cylinder or a rectangular
parallelopiped, the length being much greater than the breadth
upon electrifying it and touching it with the little plane, first in
the middle, and then at one of its extremities, we shall find the
electrical action in these two cases to be very different. If we
now bring to the electrified body, another of exactly the same form
and dimensions, alse insulated, and present it to the first symmetri-
cally, that is, in such a manner that the similar sides shall come
in contact, each throughout its whole extent, the electricity will
of course be divided equally between the two bodies ; then, after
separating them, if we repeat the experiment with the small plane,
touching always the same points as before, we shall find that its
electrical action is reduced, for each point, to exactly one half
of what it was on the first trial.

We see, therefore, from these experiments, that the absolute
quantities of electricity, successively taken off by the trial plane
from the same point of the surface of a conducting body, are pro-
portional to the whole amount of electricity spread over the sur-
face of this body at the instant of contact; and, whatever may
be this amount, that the quantities taken at the same instant from
different points of the surface, preserve always the same invari-
able ratios among themselves. Hence we draw two conclusions ;
the first is, that in every conducting body, the accumulation of a
double, a triple, &c., quantity of electricity gives to each point
of the surface, a double, triple, and generally, a proportional
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quantity ; the second is, that the trial plane, considered as infi-
nitely small in relation to the whole surface of the conducting
body, takes always at each point of the surface a quantity of
electricity proportional to that of the point touched.

Proceeding in this way, each contact of the plane diminishes
somewhat the absolute quantity of electricity of the body which
it touches, and consequently we ought, strictly speaking, to take
account of this diminution, if we would bring our successive
trials into exact comparison; but this is rendered unnecessary
by making the plane so small, that the quantity of electricity ta-
ken off by it, shall be inconsiderable in comparison with that of
the whole surface of the bedy. If, in addition to this precaution,
we would reduce the error still more, we have only to carry
back the plane to the surface of the body without discharging it.
Care should be taken also to support the little planes by threads
of very pure gum lac, having the greatest insulating power.

31. As these experiments always require to be several times
repeated, it i1s necessary, in comparing them with each other,
to take notice of the loss of electricity occasioned by the con-
tact of the air. This may be done according to the laws of de-
crease above given ; but we may dispense with this correction,
also, by combining the experiments in such a manner, that they
shall rectify each other. For this purpose, if it is proposed to
compare the electrical action of two points @ and b, we first
touch @ with the little plane, and observe the action which re-
sults.  We then touch b, and ohserve the corresponding action.
If there be a certain interval between the first and second obser-
vations, as three minutes, for example, we should touch a again
three minutes after the second observation, and take the arith-
metrical mean between the two actions. We should thus have
the same result as if the two contacts of ¢ and & had been made
at the same moment. This method of correction is to be prefer-
red to any other. It even corrects the eflects of loss alﬂng the
supports, provided it is small, as it always is when they are
well chosen and well prepared.

32. To give an example of the method of alternate contacts,
| shall select the following experiment, which I find among the
manuscript minutes of Coulomb,
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He proposed to discover how electricity distributes itself upon
a thin insulated plate. For this purpose, he insulated a plate of
steel 11 inches in length, 1 inch in breadth, and 3% of an inch
in thickness. In order to touch it through its whole breadth, he
made a trial plane an inch in length and } of an inch in breadth.
He first applied this plane to the centre C of the plate, and af-p. o
terwards at an inch from the extremity, and he obtained the °
following results ;

Ohserved [Mean tor-) Mean tor- | Ratio of
torsions, (sions at the| sions at 1 | mean fop-
centre. | inch from sions.
the end.
Contact at the centre.| 370°
At 1 in. from the end.] 440 360 440 1,22
At the centre. 3560 3580 417,56 1,20
At 1 in.from the end.| 395 335 395 1,18
At the centre. 320 MEEI[L:_I?‘;.'T)

That is, upon equal spaces, taken throughout the breadth of
the plate at the centre, and at an inch from the extremities, the
quantitics of electricity are to each other as 1 to 1,2, and there-
fore nearly equal.

Coulomb repeated the experiment, placing the trial plane
exactly at the extremity, but resting wholly upon the surface,
and he obtained the following results;

Observed |Mean tor-|Mean tor-| Ratio of
torsions. [sions al thelsions at the| the mean
centre. end. torsions.
Contact at the end. 400°
At the centre. 195 195 395 2,02
At the end. 390 190 390 2.05
At the centre. 185 185 370 2,0
At the end. 350 —_—
Mean....2,02

In this case the ratio of the quantities of electricity is much
greater than in the preceding. Thus we see that while they are
nearly constant from the centre to within one inch of each ex-
tremity, beyond this the electricity increases very rapidly.

Coulomb made a third experiment, placing the trial plane
across the end of the plate at D so as to come in contact with
both surfaces at once; he then obtained the following results;
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Observed |Mean tor-[Mean tor R::lin-uﬁhe
torsions. [sions at thelsions at the| mean tor-
centre. edge. sions.
Contact at the centre. 305e
At the edge. 11756 295 1175 3,98
At the centre. 285 2856 1156 4,05
At the edge. 113% _—
Mean...4,01 1

Thus the trial plane being placed across the end of the plate,
receives just double the electricity which it acquired at this ex-
tremity when it touched but one surface.

The experiment being repeated with a plate 22 inches long,
that is, of twice the length of the preceding, and otherwise of the
same dimensions, gave exactly the same ratios between the in-
tensities at the centre and at the extremities.

33. Hence Coulomb infers; (1.) That in the contact upon
the surface of the plate, the trial plane shares the electricity of
only one of the two faces, which is that to which it is applied ;
(2.) That beyond a certain length of the plate, so considerable
that the elcetricity shail be nearly uniform over the greater part of
its surface, any prolongation has no sensible influence upon the
ratios of the quantities of electricity accumulated at the extremi-
ties and at the centre, the first being always double the second.

To understand the full import of this remark, let AB be a
plate whose length exceeds the limit just mentioned. Suppose
the electrical state of the different points of its surface to be ex-
amined, and represented by the ordinates CE, PM, QN, 44,
BE. 'These ordinates will not differ sensibly from each other
until we arrive within about an inch of one of the extremities,
after which they will go on rapidly increasing through the re-
maining portion, so as to form the curve A or B'N. Now,
since the ratio of A4’ to PM or to CE is the same in all plates
whose length is very great in comparison with their breadth, and
as the same constant ratio obtains for the intermediate ordinates,
it follows that the curve A4’ M or B'N preserves the same form for
all these plates, and itis merely placed at the two extremities up-
on the uniform lamina, whose thickness is CE; and thus it is
easy to foresce the electrical state of all plates of this deseription,
when that at the centre is once known.
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This rapid increase of the electricity towards the extremity
is not peculiar to plates; it is found to take place generally in
all elongated prismatic and cylindrical bodics; and it is more
rapid according as they are more thin.

34. The tendency of electricity to the surface of conducting
bodies, and the manner in which it distributes itself there, may
be rendered evident by a very curious experiment. Let 4By, 19
represent an insulated cylinder moveable about a horizental
axis, and made to revolve by means of the glass winch J.
About this cylinder is wrapped a thin metallic sheet R, which
terminates in a semicircle, and is attached to a cord of silk F.
This apparatus is made to communicate with an electroscope,
composed of two linen threads f, f, supporting pith balls. The
instrument being electrified, the threads f f, diverge ; we then
gradually unrol the sheet of metal, lifiing it off by the cord F,
and holding it suspended in the air. As it is extended, we see
the linen threads approach, indicating a gradual diminution of
action. If the sheet is sufficiently long, compared with the elec-
trical charge given to the apparatus, the divergence will diminish
till it becomes almost insensible ; but it will increase again, if,
upon turning the winch JM, the sheet of metal is again wrapped
about the cylinder; and then the action of the threads becomes
the same as at first, allowance being made for the loss occasion-
ed by the contact of the air.

Of ecombined Electricities, and their Action at a Distance.

35. We have thus far considered bedies as electrificd by
friction or communication. We come now to make known a
class of phenomena in which the electrical state is produced
without contact, and by the mere influence of electrified bodies
at a distance.

We take a cylindrical conductor B, insulated in a horizontal Fiz, 15,
position, the two extremities being hemispherical. We attach to it
at small intervals linen threads, to which pith halls are suspend-
ed. After touching this conductor, to make it certain that it is
not charged with electricity, we bring it toward the electrified
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body /4, holding it by its insulating supports, and placing it al-
ways at such a distance from /4 that the electricity cannot be
communicated by a direct discharge. We shall then observye the
following phenomena ;

(1.) The threads placed at the extremities of the cylinder B
diverge, and thus show that it is electrified.

(2.) This divergence goes on diminishing toward the mid-
dle of the cylinder, and there is a point at which there is no re-
pulsive force whatever.

(3.) This unelectrified point varies in its position upon the
cylinder, according as it is moved from or toward the electrified
body.

(4.) If we present aleng the cylinder a pith ball, unelectrifi-
ed and suspended by a thread of silk which iusulates it, it is at-
tracted throughout, except at the intermediate point of which we
have just spoken.

(5.) But if this pith ball be electrified, it is attracted by one
extremity of the cylinder and repelled by the other, which
shows that they are charged with different electricities.

(6.) Indeed, if we touch these two extremities successively
with a small insulated conducting body, and examine the elec-
tricity thus obtained, we shall find that at the extremity next to
the electrified body 4, it is of a different nature from that of the
body . ; and that it is of the same nature at the opposite ex-
tremity.

(7.) The signs of electricity cease if we remove the cylinder
by its insulating supports, to a great distance from the electrified
body A, or if we deprive the body A of its electricity.

(8.) With the exception of this last case, the body originally
electrified loses no part of its electricity by the influence which
it exerts. No part of its electricity is transmitted to the cylin-
der ; for if we measure its electrical action before the cylinder
is brought toward it, and after it is withdrawn, we find that it
has suffered no loss, except what is naturally due to the mere
contact of the air. e

(9.) This constancy obtains only while it is beyond the in-
fluence of the insulated cylinder. For while it is near an elec-
trified body, if that be a conductor, the action at its surface is
disturbed, as may be ascertained by means of the trial plane.
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(10.) If, without touching the electrified body 4, we remove
and replace the cylinder several times, the same phenomena
will be repeated each time without any change, except what
arises from the diminished intensity of the body ..

The simple statement of these facts, leads us directly to the con-
clusions to be derived from them; (1.) Since the cylinder takes
nothing from the electrified body, it must possess in itsell the
principles of the two electricities which are excited in it by the
influence of this body ; (2.) Since these two electricities disap-
pear when the influence of the foreign body ceases, although
they cannot escape into the earth, we infer that their proportions
are such that, being left to themselves, they mutually neutralize
each other; (3.) Finally, this neutralization must needs take
place without destroying them, for they reappear entire when-
ever we expose the cylinder to the influence of the foreign body.

36. We hence learn that the principles of the two electrici-
ties exist naturally in all conducting bodies, in a state of combi-
nation by which their effect is neutralized ; this we shall in fu-
ture call the natural state of bodies. We now perceive that fric-
tion, which seemed to be a means of creating them, serves only
to disengage them from their combination, and to render one of
them sensible by absorbing the other; and this is the reason
undoubtedly why we constantly observe that the rubbing body
and the body rubbed exhibit contrary electricities. Finally,
since the simple influence of an electrified body, presented at a
distance, forces these two electricities to separate, and to arrange
themselves so that those of a different nature are the nearest to
each other, and those of the same nature the most remote, In
enunciating this fact, we are compelled to admit, that opposite
electricities altract, and similar electricities repel each other, accord-
ing to laws which we shall be able to determine by experiment.

Thus,all the phenomena which we have described, become sim-
ple, necessary, and evident consequences of this general property ;
with the exception, perhaps, of one which may require some further
elucidation. This is the momentary variation in the electrical ac-
tion of the body 4, while the cylinder is presented to it. But, since
the free electricity upon the surface of one body acts upon those
of other bodies, and destroys their combinations, at least in part,
it is manifest that these electricities, being once set free, must in

E. § M. G
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their turn act upon the body which liberated them, and change
the electrical action of the several points of its surface, either by
causing the free electricty resident there, to distribute itself in a
different manner, or by adding to this electricity that which the
body is capable of furnishing by the decomposition of its natural
electricity, or finally by acting in both these ways at the same
time.

37. These observations lead us to another important infer-
ence ; in our first experiments, it may have been remarked that
electrified bodies attract, or scem to attract, all light bodies which
are presented to them, without its being necessary for this pur-
pose to give them the electrical principle either by friction or
communication. But we must now suppose that this excitement
takes place of itself, by the simple influence at a distance
of the electrified body upon the combined electricities of the
light substances which are presented to it. ‘T'herefore in this
case, the observed attraction, whether it be real or apparent,
actually takes place only between electrified bodies.

Moreover, the decomposition of the combined electricities is
necessary in order that the attraction may manifest itself; for
this attraction is so much the less lively according as the decom-
position is more difficult, and ceases entirely if the decomposition
be impossible. To be convinced of this, take two very fine threads
of raw silk of equal length. Attach to them two small balls of
equal dimensions, but of whichone is of pure gum lac, and the other
also of gum lac, but gilt or covered with tin-foil. These pendulous
bodies being then placed at a small distance from each other, bring
near them an electrified tube of glass or sealing wax; we shall
see that the ball covered with metal, upon the surface of which
the decomposition of the combined electricities is easily effected,
will be much more readily and strongly attracted than the other,
which does not begin to discover signs of electricity till after a
certain time, when the decomposition has at length taken place
upon its surface ; and its electrical state continues even after it
has been removed from the electrified body. The first ball,
although covered with metal, also contracts in this way a durable
electricity, because the resin it contains is impregnated with the
electricity excited at the surface; and both the one and the
other are favoured in this respect by the contact of the air,
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which, on account of the influence of the electrified body, tends
to take from each that one of the two combined electricities which
is repelled by this body, while it has less power over the other,
whose proper repulsive force is concealed by the attraction. Thus
we remark generally, that insulated bodies which have been for
some time submitted to the influence of an electrified body, come
at length to have an excess of electricity of a nature opposite to
that of this body, the effects of which appear after they are re-
moved from its influence.

As we shall have frequent occasion for the results at which
we have now arrived, we shall reduce them to a sort of theorem ;
thus,

When an insulated conducting bedy B, taken in its natural
state, is brought near to another body 4, electrified and insulat-
ed, the electricity upon the surface of /1, exerting its influence
upon the two comhined electricities of B, decomposes a portion
proportional to the intensity of its own action, and resolves this
portion into its two constituent principles, repelling at the same
time that of the same name with itself, and attracting that of the
contrary name. The first withdraws to the part of the surface
of B, which is most remote from .4, while the second is collected
on the part nearest to /. These two electricities having be-
come free, act in turn upon the free electricity of «, and even
upon its two combined electricities, of which a part is decom-
posed by this reaction, and separated if the body A is alse
a conductor. This new separation produces a new decomposi-
tion of the combined electricities of B, and so on till the quanti-
ties of each principle which have become free vpon the two
bodies, are put in a state of equilibriam by the balancing of all
the attractive and repulsive forces exerted upon each other, in
virtue of their different or similar nature.

We shall soon inquire into the conditions according to which
this equilibrium is determined. At present we suppose this state
established ; and that we may continue to observe the develop-
ment of the phenomena which result from it, we return to the in-Fig. 14.
strument before used. Moreover, in order to render the state-
ments as simple as possible, let us suppose that the electricity
originally given to ./ is vitreous. Then if the conductor B is
cylindrical, which we suppose, in order that the separation of
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the combined electricities may be more manifest, the part R
nearest fo 4 will be in the resinous state, and the more remote
part F in the vitreous.

Things being thus disposed, we touch the part ¥ with a third
conductor €, also insulated and in its natural state, which, being
withdrawn, will be found to be charged with vitreous electricity,
the linen threads placed at ¥ upon the conductor B, collapsing
at the same time, and those placed at R increasing their diver-
gence. If, after this contact, we withdraw B from the vicinity
of A, or if we touch A4 in order to deprive it of its electricity, we
shall find B charged with resinous electricity only.

This is a very simple consequence of the influence exerted
at a distance. Before the contact, the vitreous electricity of B,
crouded into the part ¥, repelled the vitreous electricity of 4,
and attracted the resinous electricity developed in R; it there-
fore weakened the action of J upon R. By the contact of the
third conductor C, we take away a portion of this electricity in
5 and the action of 4 upon R, being less counteracted, becomes
stronger.  On account of this new increase of energy, there
takes place in the conductor B, a new decomposition of the com-
bined electricity, of which the vitreous part withdraws again to
¥, and the resinous to R. Then the whole quantity accumulat-
ed in R is necessarily greater than that in V| since this last was
partially withdrawn by the contact of €. And thus, when we
remove B from the influence of /1, this vitreous electricity again
becoming free, is not sufficient completely to neutralize the res-
inous in &, and we find the conductor B charged with an excess
of resinous electricity. Owing to this inequality, the divergency
of the threads, when under the influence of .4, must be less in ¥
than in R, as from observation it is actually found to be.

If we would carry this difference to the extreme, instead of
touching the conductor B with an insulated body, which takes
away only part of the electricity of ¥, we touch it with an uninsu-
lated bedy, and thus suffer it to communicate for a moment with
the ground. Then all the electricity collected in ¥ will escape;
and the threads suspended at this point will collapse entirvely ;
but the threads at R will diverge still more than before, and we
siiall not diminish their divergency by touching again the ex-
tremity ¥, But if we remove the conductor B from the influ-
ence of ./, the divergence will become much less.
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This also is easily explained. When we permit F to com-
municate with the ground, all the electricity accumulated at
this extremity, passes to the great mass of the earth, and its elec-
trical action becomes insensible ; or, if you please, it decompos-
es the combined electricity of the earth, attracts the resinous
with which it is neutralized, and repels the vitreous which dis-
tributes itself over the whole surface of the terrestrial globe.
In whatever way we choose to consider it, there is no longer
any free vitreous electricity in V. -The vitreous electricity
of A4 being now freed from this resistance, exerts a stronger
attraction for R. This requires a new decomposition of the
combined electricity of B, of which the. vitreous part passes
off, as before, to the ground, while the resinous is accumulated
in R ; and so on, till the attraction of A for the resinous electric-
ity is completely satisfied. But these decompositions, which in
our reasoning we have supposed successive in order to explain
how they are effected, take place instantaneously in those metal-
lic bodies, which may be regarded as' perfect conductors ; and
for this reason a single contact is sufficient to produce them com-
pletely. After what has been said, it is evident why B, being
removed from the influence of A, manifests an excess of resinous
electricity, and why this excess is still greater than in the pre-
ceding case.

38. We have thus far confined ourselves to rendering evident by
experiment the action of /2 upon B ; but we can also make the re-
ciprocal action of B upon .4 manifest, either by touching the latter
in different points of its surface with the trial plane, which would be
the more exact way of proceeding ; or by simply suspending at the
extremity of .4, the most remote from B, linen threads terminat-
ed with pith balls. We observe, in the first place, the diver-
gence of these balls when the bedy A is insulated and removed
from other bodies. Then, according as it is made to approach
the conductor B, and there takes place in this a decomposition
of its combined electricity, the linen threads on A4 gradually
collapse, because the vitreous electricity, residing in this part of
A, withdraws toward B, till at length by the centinued approach
of /1, the threads lose their divergence entirely, as if the body 4
were in its natural state ; and finally, there is developed in this
part of A, a resinous electricity by the always increasing action
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of R, when the threads are seen to diverge again, but with a
different electricity.

This succession of divergencies produced by contrary elec-
tricities, with a natural state intervening between them, will be
still more easily observed upon the conductor B, if, instead of
presenting it to A in its natural state, we first give it a feeble
resinous electricity ; for while it is removed from the influence
of A, all the linen threads suspended from it, will diverge by
reason of this electricity. But as B approaches A, and the
action of 4 draws this resinous electricity toward the extremity
of B nearest to A, we shall see the threads at the other extrem-
ity gradually collapse, become parallel, and afterward diverge
again in virtue of the vitreous electricity disengaged from its
natural combination by the action of 4, and repelled to this part
of the conductor B.

For the sake of distinctness, we have supposed that the body
A is charged with vitreous electricity. But if it were charged
with resinous electricity, all the phenomena would be precisely
similar, and in the enunciation of the facts, it would only be
necessary to change throughout the names of the two electrici-
ties respectively.

39. Having thus recognised generally the attractive and re-
pulsive powers belonging to the two electricities, and having
made known their natural state of combination in bodies, their
separation by influence at a distance, and the general conse-
quences which result from these properties ; we shall next en-
deavour tosubject these results to calculation, so as to be able to
comprehend the facts enumerated in all their details, and to
foretell, for instance, in the case of two bodies acting upon each
other, the quantity and kind of electricity belonging to each
point of their surfaces.

But as we have found that the effects of these reciprocal in-
fluences, so far as we have observed them, are exerted upon the
electrical principles themselves, it is apparent that we shall not
be able to trace them to their cause, except by determining the
pature and manner of action of these principles; or, which to
us is the same thing, by imagining from the observed phenome-
na, some determinate mode of action which will exactly repre-
<ent the phenomena, and which admits of being verified, if not
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directly in its physical character, at least indirectly, but certain-
ly, in its consequences.

Now if we consider the extreme facility with which the
two electricities diffuse themselves in conducting bodies, and
tend to the surface, where they are retained by the pressure
of the air; if we consider also the perfect freedom with which
they approach to or depart from each other, unite and separate
without any loss of their original properties, it will be seen that
the most probable view we can take of their nature is, to regard
them as perfect fluids, the particles of which are impressed with
attractive and repulsive powers, and which, in bodies where they
can move freely, dispose themselves so as to be in equilibrium in
virtue of all the interior and exterior forces which act upon them.

40. It is easy to perceive that each of these fluids must possess
in itself a cause of repulsion by which its particles are driven from
each other; for if we suppose a certain quantity of vitreous or res-
inous electrieity to be introduced into a metallic sphere where its
motions are free, we know that it will tend entirely to the surface
where it will form a very thin stratum. If we augment the diam-
eter of the sphere, the electrical stratum will retire farther and
farther from the centre, diminishing always in thickness ; finally,
if we remove the pressure of the air entirely, the electricity will
be completely dissipated. These effects certainly indicate a
repulsive action exerted between electrical particles of the same
nature ; and all the phenomena in which the two combined elec-
tricities are separated from each other by influence at a distance,
perfectly confirm this result, while they also demonstrate the
existence of a reciprocal attraction between electricities of a
different nature.

But the experiments which we have now related for the pur-
pose of establishing the mutual repulsion of electric particles
of the same nature, make known another important property,
namely, the incompressibility of the electric principle, on the
supposition that it is a fluid. For, if it were compressible, like
the air, for example, when it is diffused through a conducting
body, the mere effect of its own repulsive force would undoubt-
edly cause the greater part to flow to the exterior surface, where
it would be condensed by the repulsion from within ; and thus
the density would go on gradually diminishing from this surface
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towards the interior of the body; but the inner strata, however
much we suppose them to be rarified, would yet, strictly speak-
ing, never cease; and thus we should always find electricity
within the body in greater or less quantity, whereas we do not, by
the most delicate tests, discover the least trace of it. It follows,
therefore, that in order to reconcile this fact with the nature of
the electric principle, we must suppose it incapable of being sen-
sibly compressed ; and different quantities being successively
introduced into the same conducting body, and diffusing them-
selves there and flowing to its surface, must cause the electric stra-
tum, situated at the surface, to take different thicknesses, which
are always infinitely small, at least in all states to which we are
able to reduce it. '

41. We find also from the same phenomena, that these at-
tractions and repulsions diminish in force as the distance increas-
es; butaccording to what law? Among the different laws which
may be supposed to exist, there is one which perfectly rep-
resents all the phenomena; namely, that which supposes the
force to vary in the inverse ratio of the squares of the distances.
Adopting this law, the essential properties of the two electric prin-
ciples are comprehended in the following proposition ; each of the
two electric principles is an incompressible flud, the particles of which,
possessing perfect mobility, mutually repel each other, and attract those
of the opposite principle, with forces varying in the inverse ratio of
the squares of the distances. Moreover, at cqual distances, the at-
tractive force is equal to the repulsive ; this equality is nccessary
in order that the two combined electricities in unelectrified bod-
ies may exert no action at a distance, as may be proved by ex-
periment ; take two discs of thin glass AB, A'B’, whose surfaces
are ground very true,and which are about 4 inches in diameter ;
to each of them fix a handle CM of glass or sealing wax or any
other insulating substance ; then, having prepared a very sensible
pendulum, consisting of a small pith ball suspended by a fibre of
silk, as it comes from the silk worm, rub the dises against each
other, holding them by the insulating handles; and without sep-
arating them, present them together to the pendulum. You will
see that they exert upon it no attraction; but separate them and
present them to it in turn, and they will each attract it. They
are therefore mutually electrified by the friction ; and one has
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acquired the vitreous and the other the resinous electricity, as
may be proved by presenting them to a second very sensible
pendulum, charged with a known electricity. But these elec-
tricities do not become manilest when the discs are in contact,
for residing upon the two surfaces in contact, the distances of all
their points from the pendulum is absolutely the same, and there-
fore the opposite actions which they exert to separate the com-
bined clectricities of the ball are equal; and thus their total re-
sultant is nothing. We may also modify this experiment so as
to make the compensation of forces progressive. For this pur-
pose, after having separated the discs, we bring the electrified
surface of one of them in contact with the pendulum. After
the ball has taken the small quantity of electricity proportional
to its magnitude, it is repelled. Keeping it in this state of re-
pulsion, we present the other face of the disc, as represented in
ficure 16; (for the electricity will act upon it with the same
power through the thickness of the glass.) Then bring the
second disc gradually toward the first, in the manner represent-
ed in the figure. As they are made to approach each other, we
shall see the repulsion diminish and the small pendulum descend
more and more, and finally, when the discs come into actual
contact, they will together produce no effect upon the pendulum,
but it will be driven off again when they are separated. These
two electricities thus neutralized by their contact, represent
to us the natural state of the combined electricities, with this
difference only, that in cenducting bodies, the two electric-
ities are united to each other simply by their force of combina-
tion, and may be separated by the action at a distance of a free
electricity ; while in the glass dises, each of the electricities is
retained by the resistance which the nonconducting nature of the
glass opposes to the freedom of its motions. For this reason,
the experiment which we have now described would succeed
equally well with discs of gum lac or sealing wax, or even with
one disc of a substance of this kind and one of metal. But it
eould not take place with two discs of a conducting nature ; for
then no resistance being opposed to the motion of the electrici-
ties, they would unite and combine anew as fast as they were
disengaged by the friction.
E. & M. 7
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42, Having thus distinctly defined the character and mode
of action of the two fluids, we proceed to consider the mathemat-
ical consequences to be deduced from this definition, for the pur-
pose of comparing them with the observed phenomena and noting
the agreement or disagreement. It is especially incumbent on
us to point out those consequences which are susceptible of a
precise and numerical determination, and which accordingly
admit of being rigorously verified. But this would lead us into
very profound calculations, requiring all the resources of analy-
sis ;3 and with all these resources, it was not till very lately that
the problem was solved in an exact and general manner. This
fine discovery is due to M. Poisson. We shall be indebted,
therefore, to his labours for the precise results with which the
calculus has made us acquainted; we shall take them as rigo-
rous deductions from our first definitions, and it will only remain
for us to determine whether they agree with the facts.

43. Let us begin with considering a single conducting insu-
lated body, charged with an excess of vitreous or resinous elec-
tricity, and withdrawn from all foreign influence.

According to the calculation, the fluid introduced into this
body, will tend entirely to its surface, and will form there an
extremely thin stratum. This is confirmed by the most minute
and exact observations.

Again, the calculus determines the interior surface of this
stratum and its thickness. The exterior surface, being confined
by the air, is the same as that of the body. In this case, the
air is to the free electricity, like an impermeable vessel of a given
form, which contains the electricity within itself, and resists by its
pressure the efforts of the fluid to expand. The inner surface can
differ but little from the outer, because the stratum is very thin.
But in order that the body may remain in a permanent electric-
al state, the form of this surface must be such that the entire
stratum may exert neither attraction nor repulsion upon the
points comprehended within its cavity; for if any action did
exist, it would be exerted upon the combined electricities of the
body, and decompose a part of them, and consequently the
electrical state of the body would be changed. The analytical
condition which establishes this property, determines also the
form and thickness of the stratum, which may, and in general
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must be unequal upon the different parts of the surface of the
electrified body.  If this body has, for example, the form of a
sphere, the two surfaces of the electrical stratum will be spherical,
and will have their centre at the centre of the sphere. The
thickness of the stratum will therefore be constant throughout, and
equal to the difference of their radii. Indeed itis demonstrated
that, according to the law of the squares of the distances, such
a stratum exerts no action upon the points within it.

44. If the figure proposed be an ellipsoid, the inner surface of
the electrical stratum will be that of a concentric and similar ellip-
soid, for it is demonstrated that an elliptical stratum, the surfaces
of which are thus concentric and similar, exerts no action upon
a point situated within. The thickness of the stratum at each of
these points is generally determined by this construction; and
it hence results that this thickness is greatest at the extremity
of the transverse axis, and least at the extremity of the conjugate ;
and that the thicknesses which answer to the two different ex-
tremities are to each other as the axes.

In all these cases, the exterior surface of the fluid stratum is
determined by the surface of the body, and the question is re-
duced to finding for the inner surface a figure but little different
which shall reduce to nothing the wiole action of the stratum
upon the several points comprehended within it.

45. These different results do not admit of being directly
subjected to experiment, but they are connected with others
which may be verified, and which we shall soon make known.

The electrical stratum, being disposed as we have said, acts
by attraction and repulsion upon the other electrical particles
situated without the exterior surface or in this same surface. It
attracts them if they are of a different nature from itself, and
repels them if they are of the same nature. The latter case is
that of the electric particles which form the exterior surface of
the stratum ; each one of them is repelled from within outward
with a force proportional to the thickness of the stratum at this
point. The particles situated below the surface, in the thickness
of the stratum itself, suffer a similar but less repulsion, because it
is proportional simply to the thickness which separates them from
the inner surface, and because the particles which enclose them
on the side of the exterior surface exert upon them no action
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whatever. All these gradually decreasing, repulsive forces, be-
ing resisted in their action by the exterior air which opposes the
escape of the electric particles, there must hence manifestly re-
sult, upon the whole, a pressure exerted against the air and tend-
ing to repel it.  This pressure is in the compound ratio of the
repulsive force exerted at the surface and the thickness of the
stratum ; and as one of these elements is always proportional to
the other, we may say that it is, at each point, proportional to
the square of the thickness; it must, therefore, in general be
variable upon the surface of electrified bodies. If this pressure
is throughout less than the resistance opposed by the air, the
fluid is retained in this vessel of air, and cannot escape. Buat
if the pressure, at certain points of the surface, prevails over the
resistance of the air, then the vessel is broken and the fluid es-
capes as through an orifice. This takes place at the extremities
of points, and upon the acute edges of angular bodies; for it may
be demonstrated that at the vertex of a cone, for instance, the
the pressure of the electric fluid would become infinite, if the
electricity could accumulate there. At the surface of an oblong
ellipsoid of revolution, the pressure is not infinite at any point;
but it will be greater at the two poles, according to the ratio of the
axis which connects them to the diameter of the equator. Agree-
ably to the theorems which have now heen cited, this pressure
will be to that which takes place at the equator of the same body,
as the square of the poiar axis is to the square of the equatorial
diameter; and thus if the ellipsoid be very much elongated, the
pressure may be but feeble at the equator, while at the poles it
exceeds the resistance of the air. Thus when we electrify a
metallic bar which has the form of a very elongated ellipsoid,
the electric fluid tends principally toward its extremities, and
escapes al these points, in virtue of its excess of pressure
over the resistance of the opposing air. Generally, the indefi-
nite increase of the electric pressure in certain parts of elec-
trified bodies, furnishes a natural and exact explanation of the
power possessed by points of rapidly dissipating in the noncon-
ducting air the electric {luid with which they are charged.

If the nature of the electrified body be such as not to admit
of the free motion of its electricity, the excess of pressure of
which we have now spoken, would be exerted against the par-
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ticles of the body which might envelop the electric stratum ; or,
generally, against those which either by their afinity, or by any
other mode of resistance, should oppose its dissipation.

46. Having determined, from theory, the manner in which
the electric fluid disposes of itself in a single conducting body,
insulated and withdrawn from all foreign influence, we pass to
the more complicated case in which several electriiied conduct-
ing bodies exert a mutual influence upon each other; and, as
it is necessary to select bodies whose form renders the phenom-
ena accessible to the calculus, let us consider two spheres of
conducting matter, both electrified and brought within a small
distance of each other.

47. The distribution of the electricity in this case, and in all
cases where several electrified bodies act mutvally upon each
other, depends on a general principle which is self-evident, and
is moreover attended with the great advantage of reducing di-
rectly all these questions to a mathematical condition. We
here give its enunciation in language borrowed from the interest-
ing work of M. Poisson.

“ If several electrified conducting bodies be brought within
the influence of each other, and come to a permanent electrical
state, it is necessary that the resultant of the actions of the elec-
tric strata which cover them, upon any point taken in the inte-
rior of one of these bodies, should be zero. For if this resultant
were of any value whatever, the combined electricity residing
in the point in question, would be decomposed, and the electric
state would be changed, contrary to our supposition of its being
permanent.”

This principle, expressed by a formula, furnishes immediate-
ly as many equations as there are bodies to be considered, and
unknown quantities presented by the problem; but the solu-
tion often eludes the power of analysis. Nevertheless M. Pois-
son, who had so happily possessed himself of the general key
to this theory, has succeeded in removing all the analytical dif-
ficulties for the case of two spheres brought into contact or with-
in the influence of each other, and originally charged with any
quantity whatever of electricity. The formulas at which he
arrived offer a great number of results which may be verified by
experim2nt, and which are so many rizorous proofs of the truth
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of the theory. I shall confine myself to citing a single instance,
the particulars of which are very remarkable. It takes place
when two spheres of unegual diameters, after having been brought
into contact and simultaneously electrified, are gradually remov-
ed from each other to diflferent distances remaining insulated all
the while. Their electrical state is found to undergo the most
singular changes. In the first place, at the moment of contact
the electricity being examined with the trial plane, is found to
be of the same nature on the two spheres, as was to be expected ;
but it is nothing at the point of contact. Now if we separate the
two spheres, their dimensions being, according to our supposition,
unequal, there is no point destitute of electricity.  The natural
electricity of the smaller sphere is decomposed,and that whichis of
a contrary nature to the electricity of the larger sphere, tends to-
ward the point where the cont.ct took place. This effect dimin-
ishes as the spheres recede, and entirely disappears at a certain
distance, depending on the ratio of their diameters, when the
point of the small sphere where the contact took place, is found
to be in its natural state; and finally at a still greater distance,
this point is covered with electricity like the rest of the sphere
of which it is a part. These singular alternations, the distance
at which they occur, their constant appearance on the surface
of the smaller sphere, may all be determined by the trial plane,
and they may all likewise be predicted with the same precision
by means of the formulas of M. Peisson.

48, Not being able to enter here into more minute verifi-
ecations, we shall take them for granted, and proceed to give from
theory a precise definition of the several particulars of electrical
action which are often confounded.

"The first thing to be considered in electrical experiments, is
the nature of the fluid which is found to reside on the surface of
hodies, and on each point of this surface; it is determined by
contact with the trial plane, which is presented to the needle of
the electroscope previously charged with a known electricity. -

The second thing is the quantity of electricity accumulated
at each point, or, which amounts to the same thing, the thickness
of the electric stratum. This is also measured by touching the
point in question with the trial plane and presenting it to
the needle previously charged with the same electricity. The
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force of torsion necessary to counterbalance the electric action
of the plane, is, at equal distances, proportional to its quantity of
electricity, or, which amounts to the same thing, to the thickness
of the electric stratum, upon the superficial point which it has
touched.

The third thing to be considered theoretically, is the influ-
ence, exerted by each element of the electric stratum, upon a
particle of the fluid situated in the exterior surface or without
this surface. The attraction or the repulsion thus censidered,
is directly proportional to the thickuess of the electric stratum
at the superficial point which attracts or repels, and it is in-
versely as the squares of the distances which separate this point
from the point attracted or repelled.

Finally, the last thing to be considered is the pressure which
the electricity exerts against the exterior air at each point of
the surface of the electrified body. The intensity of this pres-
sure is proportional to the square of the thickness of the electric
stratum.

" Regard being had to these particulars, we shall be in no
danger of erring by vague conside ations; and if, at the same
time, we take “into the account the decompesition of electricity
by influence at a distance, we shall be able to explain almost any
electrical phenomenon that can occur.

49. We here remark, that whatever be the real rature of the
electric principle, since the constitu:ion which we have attributed
to the two fluids gives rise to alinost all the phenomena in number
and kind which have been deduced by calculation, there is suffi-
cient reason for admitting this constitution provisionally in our
subsequent inquiries; for, from the proofs already given, we
may affirm, that whatever be the actual nature of the electric
principle, it must adapt itsell to the same facts with the same
exactness, and consequently must be susceptible of the conditions
we have attributed to the two fluids, so that the facts may hence
be deduced in a similar manner, and by similar formulas with
those above employed. But new observations or new ap-
plications will serve, in a more advanced state of the caleulus,
to confirm or refute this theory, and to show whether it is the
exact and general interpretation of all the phenomena, or merely
the approximate and particular expression for those which have
been hitherto submitted to it.
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A sensible progress may be observed already in the succes-
sion of theories, preceding that now proposed, among which
there is one which has been too much celebrated, and in fact too
useful to be passed over in silence. Most electrical phenomena,
if we confine ourselves to their general circumstances, may be
explained on the supposition of a single fluid, diffused in a certain
quantity through all bodies, and forming their natural state. An
excess of this fluid is what we have called the vitreous electric-
ity, and a deficiency, what we have called the resinous; hence
result two states of bodies, which the advocates for this system
designate by the names of positive and negative. They admit
also that the particles of the electric fluid mutually repel each
other. But since experiment shows that bodies in their natural
state exert no electric action upon each other, they are ooliged
to suppose that the electric particles are attracted by the proper
matter of bodies. In fine, it has been shown by a thorough and
rigorous Investigation, that this hypothesis will not account for
an equilibrium, and that it would, moreover, be necessary to
suppose the particles of bodies to exert upon each other a re-
pulsive action, sensible at great distances, like the electric influ-
ence itself, and varying with the distance according to the same
law. Franklin, the author of this theory, employed it very in-
geniously in explaining all the electric phenomena known in his
time, and which till then remained insulated and scattered ; but he
did not perceive the paradoxical consequence to which his hy-
pothesis led. Apinus was the first, who, by an exact analysis
of all the forces which concur in producing the electric equilib-
rium, discovered the necessity of a repulsion between the mate-
rial particles of bodies ;1 after him the celebrated Henry Cav-
endish was also led to the same conclusion; for he made this
repulsion one of the essential conditions of an hypothesis respect-
ing the nature of electricity, which he published in the Philo-
sophical Transactions for the year 1771, and which is very sim-
ilar to that of AKpinus. ;

Although such a repulsive force between the material parti-
cles of all bodies may, at first view, seem absolutely incompati-
ble with the more gencral phenomena of the universe, and par-

t Tentamen Theorie Electricitatis et Magnetismi, p. 39.
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ticularly with the law of the celestial attraction, yet it is not so
in reality. For this repulsion, as Epinus and Cavendish employ
it, would be exactly counterbalanced by the mutual attraction
which their hypothesis supposes to exist between the particles of
matter and those of the electric fluid diffused through all bodies
in their natural state ; so that in fact, these two contrary causes
would produce no effect upon bodies while in thisstate, and they
would in no way impair the effects of the universal attraction
which is exerted between bodies, independently of their elec-
tricity. Now admitting such a state of things, most electrical
phenomena may be accounted for, and their mutual dependence
conceived, and even foretold, not indeed particularly and numer-
ically, but as to their general character. We may thus explain,
for instance, the mutual attraction and repulsion of electrified
bodies, and even the development of the electric properties of
bodies in their natural state, by the mere influence at a distance
of another electrical body. But since the time when this theory
was first proposed, many particulars have been observed more
in detail and fixed with more precision. A great number have
been rigorously determined. We have the results, indeed, in
numbers; and it is these numbers that we are to represent. For
example, when /AEpinus and Cavendish wrote, the law of electric
attraction and repulsion had not yet been established by actual
experiment ; it might accordingly be doubted whether the forces
which produced these phenomena varied as the square, the cube,
or any other power of the distance. It was therefore impossible
to determine numerically the distribution of electricity in bodies,
when it comes to a state of equilibrium, in virtue merely of its
action upon itself; or to assign the proportion of its division be-
tween two bodies of a given form, since these delicate phenom-
ena depend on the law according to which the fluid acts upon it-
self and upon other bodies. According to the law of the cube,
for example, the conditions of distribution and division of the
electricity would be very different from what they are according
to the law of the square ; therefore we may now reject the first
of these laws as contrary to the phenomena. In the same way,
if we should introduce the law of the square of the distance into
the hypotheses of Cavendish or Apinus, we should probably be
led to consequences contrary to the actual relations of distribu-
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tion and division which we now know by observation; whence
we should infer also the fallacy of this hypothesis. This deduc-
tion has not yet been made ; and from the complicated nature of
the hypothesis, it would seem that the problem is a very difficult
one. Happily it is of no great importance ; for the hypothesis
being thus followed out into its consequences, could only be
found, on the supposition of the most favourable result, to agree
with the phenomena; and this agreement is already known to
exist in the case of the theory of two fluids, and with the
most perfect exactness, and what is of no small importance, with
simplicity, a complete analogy, and under a form which renders
it susceptible of being easily subjected to the calculus.

Theory of the Motions produced in Bodies by Electric Attraction

and Repulsion.

50. At the outset of our inquiries into electrical phenomena, we
discovered that two electrified bodies, when placed at a certain
distance asunder, seem to attract or repel each other. Itappeared
afterwards that the attraction and repulsion take place only be-
tween the two electric fluids, and that the substance of the bodies
does not, by any law of aflinity, partake of these motions. It
becomes necessary, therefore, to examine how, and by what me-
chanism, these forces are transmitted to the substance of bodies,
and made to produce in them the motions which we observe.

For the sake of simplicity, we shall confine ourselves, in the
first place, to the consideration of two electrified spheres 4 and
B, the one A fixed, the other B moveable. Three cases may be
supposed which it will be necessary to consider separately.

(1.) A and B non-conductors;

(2.) 4 a non-conductor, B a conductor ;

(3.) 4 and B conductors. :

51. In the first case, the electric particles are fixed upon the
bodies A and B by the unknown force which is the cause of
their non-conducting property. Not being able to quit these
bodies, they communicate to them the motions which their re-
ciprocal action tends to impress upon themselves.
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The forces, then, by which motion may be produced, are;
(1.) The mutual attraction and repulsion which the fluids of A
and B exert upon each other; (2.) The repulsion of the fluid
of B for itself. But as the mutual repulsion of the parts of a sys-
tem can produce no motion in its centre of gravity, the effects of
this latter action destroy each other upon the two spheres re-
spectively, and no motion can result from it of one toward the
other. We need take account, therefore, only of the first kind
of forces. If the distribution of the ‘electricity be uniform upon
each sphere, each will attract or repel the other justas if its
whole electrical mass were united at its centre, and the whole
force of attraction or repulsion is proportional to the product of
the whole quantity of electricity which they possess. This
force transmits itself to the ponderable matter of the two spheres
A and B, in virtue of the adhesion by which they retain the
electric particles; and, on account of the two factors of which
its expression is composed, it will be seen that it would become
nothing if one or the other of the two-spheres were not first
charged with a foreign electricity. - During the motion, it suffers
no variation except that which arises from change of distance,
because the two spheres, being supposed to be of substances strict-
ly non-conducting, their reciprocal action can produce no new
development of electricity.

52. In the second case, the sphere B, supposed to be of con-
ducting matter, suffers a decomposition of its natural electricities
by the influence of 4. The opposite electricities which result
from this decomposition unite with the foreign electricity com-
municated to this sphere, and they arrange themselves together
agreeably to the laws of clectric equilibrium; then the motion of
B toward A may be considered in two points of view.

Let us suppose, in the first place, that without disturbing the
electrical state of B, we spread over its surface an insulating
wrapper, solid, without weight, and adhering to it throughout.
The electricity of B, being unable to escape, will press upon the
wrapper, and by this means transmit to the particles of the body
the forces by which it is itself acted upon. Then the forces
which act upon the system will be, (1.) The mutual attraction
or repulsion of the fluid of A and the fluid of B; (2.) The re-
pulsion of the fluid of B among its own particles; which, howev-
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er, can produce no motion in the centre of gravity of B (3.)
The pressure of the fluid of B upon the insulating wrapper; but
this pressure is exactly counterbalanced by the reaction of the
wrapper, and no motion can result from it. The first force
therefore, is the only one which we need consider.

When the distance D of the two spheres is very great com-
pared with the radii of their surfaces, the decomposed electrici-
tics of B are distributed, according to calculation as well as ex-
periment, nearly equally upon the hemisphere situated toward
A and that opposite to 4. Then the actions which they expe-
rience from . are nearly equal and destroy each other. The ef-
fective force, therefore, results wholly from the quantities of foreign
electricity communicated to the two spheres, and it is proportion-
al to the product of these quantities. So long as the spheres are
at a great distance from each other, this product and the attrac-
tive or repulsive force which it measures, vary only on account
of the change of distance. But this is an approximation. For,
strictly speaking, the electrical state of B varies as it approaches
A, on account of the decomposition of its natural electricity pro-
duced by this sphere. Consequently the reciprocal action of
the two spheres must also vary in a very complicated manner.

The supposition of an insulating wrapper without weight,
serves here only to connect the electric fluid with the material
particles of the hody B. This supposition may be considered as
realized by the thin layer of air by which bodies are surrounded,
and which adheres to their surface. But we may arrive at the
same result in another way ; in this case, it is necessary to con-
sider the pressures produced upon the air by the electricities
which exist in B in a state of freedom. In fact, these elec-
tricities, as well those which have been communicated to
the body, as those which have been decomposed there by
influence, tend toward the surface of B, where the air arrests
them by its pressure and prevents their passing off.  They dis-
pose of themselves under this surface, therefore, in the manner
required by their mutual action and the influence of the body 4,
supporting themselves against the air which prevents their expand-
ing. But reciprocally, they press the air from within outward,
and tend to lift it up with a force which is proportional to the
square of the thickness of the electrical stratum at each point.
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. Decompose all these pressures according to three rrctangularmedh
co-ordinates x, ¥, z, one of which z is directed toward the centre 73.
of the sphere 4, and take their partial sums; we shall find that
according to z and y, they are nothing, so that there finally re-
mains only one resultant directed toward the centre of the sphere
A. When the spheres are at a great distance from each other,
compared with the radii of their surfaces, the decomposed elec-
tricities of B press the exterior air in contrary directions with
an intensity nearly equal, and their effects almost exactly des-
troy each other. There remains, therefore, only the effect of
the foreign quantities introduced into the two spheres; and
there results from it an excess of pressure directed according to
the line of the centres, and proportional to the product of these
quantities, that is, exactly equal to what the other method gave.
It is evident, moreover, that this expression is subject to the
same limitation, since the pressures produced by the electrical
stratum against the exterior air must vary with the guantity of
natural electricity decomposed in B by the influence of A, ac-
cording as the two spheres approach each other.

53. The third case, where .4 and B are both conductors, is
resolved upon precisely the same principles, either by imagining
the two electrified surfaces covered with an insulating wrapper,
and calculating the reciprocal actions of the two fluids which
transmit themselves by this means to the material particles of
the body; or by considering the pressures produced upon the
exterior air by the two electrical strata, and calculating the ex-
cess of these pressures according to the line which joins the two
centres. Only, in this case, the attractive or repulsive force of
the two spheres will vary, according as they approach each
other, not only on account of the consequent difference in the
intensity of the electrical action, but also by the progressive
decomposition of their natural electricities which will take place
in the two conducting bodies 4 and B.

The results to which we have now arrived would still hold
true if the spheres . and B were both free to move toward each
other; for without disturbing their reciprocal action, we may
always impress on either of them its motion in a contrary direc-
tion, and this would reduce it to a state of rest, and refer the
problem to the case which we have considered. We have taken
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bodies of a spherical form, because we are able to perform the
calculations which give, in each case, the values of the attrac-
tion. The same reasoning will apply equally to all cases of
attraction.

64. Let us consider, for example, the phenomena which are
presented by an electrical pendulum drawn from a perpendicu-
lar by the action of an electrified tube. For the sake of distinct-
ness, let us suppose this pendulum to be formed of a small pith
ball suspended by athread of silk CS, and charged with vitreous
electricity. As long as the ball is withdrawn from all foreign
influence, the electricity will dispose of itself under the surface
in a very thin spherical stratum, of an equal thickness through-
out; and consequently, the pressure which it will exert upon
the exterior air will be equal also throughout, since it is at each
point proportional to the square of the thickness of the stratum.
The ball will therefore be less pressed by the exterior air than
if it had no electricity at its surface, but it will be equally so
throughout, and consequently will have no motion in any direc-
tion.

Suppose now that at some distance from its surface, a tube of
gum lac or sealing wax is presented, electrified resinously; a
portion of the natural electricities of the ball will be immediately
decomposed. The resinous part will recede from the tube, and
the vitreous part will tend toward it. This last motion will take
place also in the foreign vitreous electricity, which was at first
spread beneath the surface of the ball. The pressure upon the
air, which is always proportional to the square of the thickness
of the electrical stratum, will be most powerful on the side to-
ward the tube ; and consequently the atmospheric pressure, which
was before equal over the whole surface, will become compar-
atively more powerful on the opposite side. This excess of press-
ure will therefore urge the ball toward the resinous tube; and
if we wish to retain it in its place by another thread of silk C¥,
acting in the direction opposite to this tendency, CS" will sustain
all the efiort produced by the difference of pressure.

Let us suppose now that the thread is cut. The ball will
yield to the force exerted upon it, and the insulating thread CS
which supports it will be drawn from a perpendicular position.
But this deviation will have a limit; for the weight of the ball,
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which, in its first position, was supported by the point of suspen-
sion S, is only partially supported by it in the oblique position
SC'. Indeed, if we represent the effort of this weight by the
vertical line C'P, we may decompose it into two other forces, one
C‘Q in the direction of the thread produced and which is des-
troyed by the resistance of this thread, the other C'R perpen-
dicular to the thread and tending to bring back the ball to the
lowest point. Now this second force will evidently increase with
the angle CSC’; and consequently it will tend so much the more
to make the ball descend as it is farther removed from a perpen-
dicular. Consequently, in each pesition of the tube, the devia-
tion of the thread will be such, that the excess of atmospher-
ic pressure, tending to make it rise, shall be equal to the decom-
posed gravity which tends to make it descend.

55. We have supposed the tube and the ball to be charged
with opposite electricities ; if the electricities were of the same
nature, they would repel instead of attracting each other. The
pressure of the electricity of the ball against the exterior air
would be greatest on the part most distant from the tube, and
accordingly it would make an effort to depart from the tube.

56. We have thus considered what generally takes place;
but in certain cases a phenomenon occurs which appears at first
view eniirely to contradict the above reasoning. On bringing
two bodies, similarly electrified, toward each other, the repulsive
force is found to diminish, and, the bodies being brought still
nearer, it is finally changed into attraction. This takes place
ordinarily when one of the bodies is very small compared with
the other and feebly electrified ; for example, in the case where
the pith ball of the electrical pendulum, is charged with resin-
ous electricity, and a large tube of sealing wax, also electrified
resinously, is gradually brought nearer and nearer. But far
from being an exception to our theory, this phenomenon is in fact
a consequence of it. In proportion as the tube, on the approach
of the ball, repels the resinous electricity which was first given
to it, it decomposes a much greater part of its combined electrie-
ities. It repels the resinous which goes to join that first given
to the ball, and attracts the vitreous toward itself. If there
were only these two decomposed electricities on the surface of
the ball, it would evidently be attracted toward the tube; and

Fig. 18.
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this attraction would increase as the distance diminished, and
the tube became more highly electrified ; and there would be
no limit to this increase of attraction. But itis not so with
the repulsion which, on account of the quantity of resinous
electricity at first given to the ball, can increase only with the
diminution of the distance. If, therefore, its force at a certain
distance is less than the attraction owing to the progressive de-
velopment of the combined electricities, the latter force will pre-
vail, and the ball will approach the tube. We thus perceive
that the phenomenon depends on the relative proportions of
electricity at first given to the ball and tube ; and without being
able to assign these proportions, we see that the change from
repulsion to attraction will take place the more readily and at
a gréater distance, according as the tube has more electricity
and the ball less; and thus, if the distance is fixed, the repul-
sion and attraction will depend entirely on the ratio which sub-
sists between the quantities of electricity.

This may be illustrated by an experiment represented in fig-
ure 19, in which an insulated metallic cylinder communicates
with the prime conductor of the electrical machine. At the
end of the cylinder a small pith ball is suspended by a silk thread,
and its retreating beyond a certain distance is prevented by
another thread attached to the cylinder. The cylinder is at first
feebly electrified. The ball is attracted, touches it, and is then
repelled. The electricity of the cylinder being increased, the
ball is again attracted; and thus it is alternately attracted and
repelled agreeably to our theory.

To give another example of the same principle, let us consider
the motions of the little circle of gilt paper, which is attached to
the needle of the eléctroscope or of the electrical balance. Let
us suppose that to this circle, charged with electricity of a cer-
tain kind, is presented, at some distance nearly parallel to its
surface, another small circle fixed and electrified, and let this
second circle for the present be considered a non-conductor, that
the electricity distributed over its surface, may not be displaced. |

When only the moveable circle is in the balance, the elec-
tricity will distribute itself over its two faces in the same manner,
and in equal proportions, on account of their symmetry. The
lateral pressures against the exterior air are consequently equal,
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and no motion can result from them. But, when this electricity
is subjected to the iniluence of the fixed circle, it will be attracted
or repelled, and the pressure excrted against the air will become
unequal upon the two faces. If it is attracted, its pressure upon
the air is increased on the side toward the'fixed cirveles if it is
repelled, the reverse takes place. And thus, in the first case,
the excess of atmospheric pressure will impel the moveable cir-
cle toward the fixed,circle; and in the second, the motien will
be in the epposite direction.

57. We have thus far considered surfaces of such forms that
the eleciricity being left to itself, must evidently be distributed
upon them symmetrically, and produce equal pressures upon the
opposite parts. In this case the body will evidently remain at
rest, unless exposed to the action of some foreign force. But
although it is more difficult to recognise this compensation in
bodies of less simple forms, it is not less certain that it actually
takes place in them; for it is a familiar principle in mechanics
that the reciprocal actions of the parts of a free system, cannot
impress upon it any motion of translation, or of rotation about its
centre of gravity.

This would not be the case if the electric fluid could escape
from some part of the body. Take, for example, a needle 44
of thick wire, either of brass or iren, and let the two ends he
bent in opposite directions, perpendicular to its length, and let
them terminate in sharp points. At the centre € make a small
hole, and adjust to it a conical cap, and place it upon a pivot CM
so that the needle may turn horizontally. Let the foot of the
pivot P be screwed to the extremity of the conductor of an elec-
trical machine. No electricity being excited, the needle will
remain at rest in its position, but if the machine be put in action,
the needle will immediately begin to turn, and with increasing
rapidity as if it repelled the air by its points.

To understand this phenomenon distinctly, let us suppose
that the needle, after being electrified, is covered with a small
insulating wrapper without weight, and that it is suspended freely
in a vacuum, by a thread of silk which permits it to turn freely
about its centre €. In this case, the pressures produced at the
surface of the electrical stratum, are exerted against the insulat-
ing wrapper ; but according to the mechanical principle above
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referred to, they will produce in the system no motion of rotation
about its centre of gravity, and all the pressures being decom-
posed in any direction, will mutually destroy each other on the
opposite sides. Now let us suppose that at a certain part of the
needle, either the point or any other part, we remove the insu-
lating wrapper, so that the electricity may escape through this
aperture ; then the pressure at this part being nothing, the op-
posite pressure will act without a counterpoise, and cause the
needle to turn in the direction in which the force is exerted.

This result could scarcely take place in an absolute vacuum,
because the electricity of the stratum would be instantly dissi-
pated when the insulating wrapper was perforated; but it may
be obtained in the free air; it is only necessary to sharpen the
points of the needle to such a degree that the electricity accu-
mulated there, may overcome the atmospheric pressure. In this
case, the air serves as a wrapper, and the aperture is made by
the electricity itself; whereas, in the other case, we supposed it
to be made artificially. The phenomenon would be precisely
similar, if the needle, instead of being electrified, were a hollow
vessel, filled with water or mercury, and its extremities, being
bent and pointed, were two little canals whose orifices had been
formed by the pressure of the fluid. The pressure then becom-
ing nothing at these orifices, that which is exerted on the opposite
element of the interior surface, would impel the needle, and
thus cause it to turn in the opposite direction.

05, In this case, if we take the product of the masses inte
the velocities of all the liquid particles which escape, the pro-
duct will be constantly equal to the sum of the products of the
masses into the velocities of the other parts of the needle, and of
the liquid which turns with it in the opposite direction. The
same equality must, therefore, obtain in the motion of the elec-
trificd needle ; but the mass of the electrical particles is abso-
lutely insensible, since the most highly electrified bodies do not
appear to have their weight increased by a quantity capable of
being detected by the nicest balances; it follows, then, that the
velocity of these particles must be infinitely great; and no ex-
ample is, perhaps, better fitted to give us a just idea of this
veloeity.
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Before we were made acquainted with the true laws of elee-
trical equilibrium, it was not known by what means the attrac-
tion and repulsion, which actually take place between electrical
particles, could transmit themselves to the material particles of
bodies ; and this effect was vaguely designated by the word ten-
sion, which represented the electricity as a spring placed between
the electrified bodies, and tending to make them approach to, or
depart from each other. The details into which we have now
gone, serve to explain how this transmission of force takes place,
by means of the pressure which the electricity exerts upon the
surrounding atmosphere, or generally upon the obstacles which
oppose its dispersion.

Of the Construction of Electrical Machines.

59. It has been apparent from our first experiments, that
1o render electrical phenomena conspicuous, it is necessary to
apply the friction to surfaces of some extent. We accordingly
make use of a large glass plate or cylinder fitted to turn against
one or more rubbers, by means of a winch; and previded
with an insulated metallic body placed near it, to receive the
electricity, as it is developed, and to transmit it to other conduct-
ors, also insulated, as the experiment to be performed may re-
quire. But, knowing as we now do, that several bodies, thus
electrified, exert always a mutual action upon each other, we
have to inquire what is the best arrangement that can be given
to the several parts of the apparatus; of what substance ought
the rubber to be; what should be the form of the prime condue-
tor and the cther conductors; what the form, substance, and di-
mensions of the insulating supports, in order that they may res-
pectively answer their purpose in the best manner. These im-
portant questions we shall answer very briefly.

There are three principal things to be considered ; namely,
the plate, the rubber, and the conductors.

60. Let us first consider the rubber. Whatever may be its
substance, it is necessary, in order that it may produce an exten-
sive and continued friction, that it should exactly fit the surface
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of the plate or cylinder, and that it should press it in a great
number of points. Nothing is better adapted to this purpose
than cushions stuffed with hair, and covered with simple leather,
which are pressed by a spring against the surface of the glass.
The leather alone, thus rubbing upon the glass, excites but little
electricity. We obtain it much more abundantly by covering the
cushions with a dry amalgam of mercury, zinc, and tin triturated
together; so that the amalgam is in fact the rubber, and the glass
the body rubbed.t If we insulate the cushions during the fric-
tion, and examine the electricity acquired by the glass, we shall
perceive that it is vitreous; consequently the cushions take the
contrary electricity, that is, the resinous, as may be easily
shown. But in the ordinary use of the machine, we must be
careful not to insulate the cushions; on the contrary, they must
be made to communicate with the ground by a metallic conduct-
or ; for we thus obtain the electricity much more copiously.
This is always observed in the development of clectricity by
the mutual friction of any two bodies. The excess which each
of them acquires is always much more sensible when the other
communicates with the ground than when they are both insulat-
ed. The circumstance is of great impurtance, because it scems
to relate to the manner in which the two electricities are deveal-
oped by friction. But, for the same reason, it is dificult to be
explained, because our theories apply only to electricity already
excited, and are as yet but little advanced with respect to elec-
tricity in its state of disengagement from bodics. We can there-
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T Mr Singer, a late English electrician, who wrote a complete
treatise on electrical instruments, recommends, as the best amalgam,
a compound of two parls, by weight, of tin, four of zinc, and seven
of mercury ; the mercury to be heated by itself a little above 100°
and poured into a wooden box, to which the proper proportions of
zine and tin, in a state of {usion are to be added. The box is then
to be closed, and briskly shaken to unite the ingredients as perfectly
as possible.  When the whole has become cold. it is to be pounded
in a mortar and reduced to a fine powder; this powder is then mix-
ed with a portion of hog’s lard just sufficient to give it the consisten-
cy of paste.
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fore only enunciate the fact as it presents itself in the experi-
ment, and deduce from it the mechanical couditions to which the
development of electricity is subject. For this purpose, let us im-
agine, in the first place, two insulated bodies 4 and B, which
being rubbed, the one against the other, in their natural state,
acquire, the one a quantity -+ e of vitreous electricity, the other a
quantity — e of resinous electricity. 1 give the negative sign to
the latter, to indicate that being added to the other, it neutralizes
it. It is undoubtedly the nature of the two surfaces, and the
power of the friction which determine this proportion between
the spaces and the quantities of electricity which attach to each
of them; of the nature of the mechanism by which this phenom-
enon takes place, we are entirely ignorant. But the two elec-
tricities + e and — e, being once disengaged from their combi-
nation, there is no doubt that they preserve their individual
properties, so as to exert their own repulsive force, and mutual-
ly attract each other. In virtue of their own repulsion, the
clectricity - ¢, developed upon 4, tends to spread itself over
B, at the points of contact; and reciprocally, the resinous elec-
tricity — e, developed upon B, tends to spread itself over ..
This double tendency is also favoured by the mutual attraction
which 4 e and — e exert for each other, and in virtue of which
they endeavour to reunite. Since this diffusion and union do
not take place, it follows that the unknown power which disen-
gaged the two electricities 4+ e and — e from each other, and
separated them, fixing one upon each body, should act also after
this separation and with sufficient energy to keep them separate
in spite of the two causes which conspire to make them unite.
Now it appears that this action of rubbing takes place only at the
surface in contact, so that it does not prevent either of the two
electricities 4 e and — ¢ from spreading itself over the surface
of the body upon which it resides, with the degree of freedom which
belongs to the greater or less conducting power of this body. Forif
B, for example, be a conductor, and it be made to communicate
with the ground by different points of the surface in contact, its
electricity — ¢ will disappear, and B will return to the natural
state, without the body 4, on that account, losing its excess +-e;
this is constantly seen when we rub an insulated body 4 against
a body B not insulated. Now it is very evident that in this state
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of things, the friction developes and maintains upon /4 a greater
quantity of electricity than it would do if B were insulated. For,
in the first case, if / took 4 ¢, and B — ¢, in order to retain
+ e, it would be necessary to overcome, besides its own repul-
sive force, its attraction to — e; whereas the latter force does
not exist when — e has passed off into the ground. For a simi-
lar reason, if the same body /4 is successively rubbed against
two insulated conducting bodies B and B, both of the same na-
ture, and presenting surfaces of the same kind, but of unequal
extent, the larger will give a greater quantity of electricity to /4 ;
for the disengaged electricity which may fix itself upon B or B',
being spread over the whole surface of these bodies, it will form
a thinner stratum, with an equal quantity on the body of the
larger bulk, and therefore the proper repulsive force of this
electricity, at the surface in contact, will be less on this body
than on the other; and hence it follows that the electricity can,
in this case, be maintained in a greater quantity in a state of
separation.

61. Besides these general conditions, the friction of the plate
of the electrical machine against the insulated cushions, is at-
tended with a circumstance which renders the effects produc-
ed much more feeble than when the cushions communicate with
the ground. It consists in this, that the different parts of the
plate which present themselves successively in their rotation to
the rubber have previously passed before the prime conductor,
where the vitreous electricity which they had acquired is en-
tirely or almost entirely neutralized; and thus they are nearly
in their natural state when they come again between the cush-
ions.t These different parts, therefore, represent so many insu-

t The way in which this neutralization takes place, is very evi-
dent. The parts of the plate which arrive charged with vitreous elec-
tricity before the prime conductor, decompose by influence its natural
electricities, repel the vitreous and attract the resinous in the points-
next to the plate. There, this resinous electricity, on account of
the form of these points, acquiring a great repulsive force, breaks
through the layer of air which separates it from the plate, and goes
to neutralize the vitreous electricity adhering to it. The same effect
would also take place, although less perfectly, if the extremity of the
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lated bodies 4, all of the same nature, and in their natural state,
which are rubbed successively against the sameinsulated body B.
Now when the repetition of this friction has developed in B, the
maximum of electricity — ¢, which can be maintained upon this
body in contact with ., notwithstanding the repulsive force
which this electricity possesses, it is manifest that new friction
with other bodies .4, cannot produce in B any new development
of electricity. For if a new quantity — ¢ should be developed
and should unite itself with — e, the whole repulsive force — e
— ¢ would overcome the resistance which opposes its diffusion
over the surface in contact ; and thus the new quantities of decom-
posed electricity would be immediately recompounded. Such
must also be the result of the continued friction of the plate
of the electrical machine against the cushions when they are in-
sulated. The parts of the plate which first present themselves
immediately develope in the cushions all the electricity which
can be maintained upon them under the influence of the friction ;
after which the contact of the succeeding parts produces none,
and the development of the electricity ceases, so that the plate no
longer offers any thing to be neutralized to the prime conductor,
whatever number of turns it may make. On the conlrary, if the
cushions communicate with the ground, and are thus constantly
maintained in their natural state, the parts of the plate as they
return successively, after being discharged by the prime con-
ductor, are together with the cushions in the same state as at the
first contact. They may therefore produce again in the cush-
ions the decomposition of the natural electricities, become charg-
ed with a portion of the vitreous necessary to an equilibrium in
this case, and come again to be neutralized by passing before
the prime conductor, whence this electricity spreads itself over
the secondary conductors, upon the surface of which it distrib-
utes itself according to the laws of electrical equilibrium ; and
this continual development of electricity ceases only when the
whole quantity thus spread through the entire system of conduc-
tors, has acquired such a repulsive force that its action upon the

prime conductor nearest the plate, instead of being armed with points,
had only an angular iorin, so that the escape of the electricity might
easily take place.
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part of the prime conductor nearest the plate, shall equal the
opposing action exerted by the electricity, also vitreous, adher-
ing to the parts of the plate presented to the conductor. It is
then useless to continue the motion of the machine ; the charge
of the prime conductor does not increase; or at most, it only ae-
guires what is necessary to replace the waste occasioned by the
air coming in contact with all the electrified surfaces of the plate
and conductor.

This minute analysis of the phenomena of the electrical
machine will suggest to us several important particulars by
which its construction may be improved.

62. (1.) It is necessary that the parts of the glass which
have been successively rubbed, should come hefore the conductor
with the least possible loss of the electricity they have acquired.
For this purpose, we attach to the rubber picces of oiled silk or
gummed taffeta, extending over the surface of the glass in the
direction of the motion. After the glass is electrified, these
strips adhere to its surface, and preserve it {rom the contact of
the air till it has come near to the prime conductor.

2.) It is necessary that the prime conductor should have as
many branches as there are rubbers. We usually employ two
Fig. oy, Tubbers F and F, each of which comes in contact with both
surfaces ol the plate. They are placed at the two opposite ex-
tremities of the same diameter of the plate; and in order to es-
tablish with certainty their communication with the ground, the
back part of each rubber consists of a piece of metal communi-
cating with the two metallic branches AM, AW, which depart
from the axis of rotation 44" also metallic. We have then only
to connect this with the ground ; for this purpose we attach to
it & chain extending to the floor of the room, or, which is much
better, cemmunicating by means of a system of conductors with
a water pipe or well. The prime conductor consists also of two
branches CDB, CF, the parts of which nearest the plate are
armed with points for the purpose of discharging more casily the
resinous electricity developed there by the vitreous influence of
the parts of the plate successively presented to them. But the
oppesite extremities of these branches we never arm with poeints
which would rapidly dissipate into the air the electricity aequir-
ed by the conductor; on the contrary, they are made to termi-
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nate in a large ball.  Still a conductor thus terminated would be
saturated with a moderate quantity of electricity. On this ac-
count it is made to communicate with a system of insulated con-
ductors, formed of long and narrow cylinders suspended parallel
to each other. Experiment and theory concur to show, that
where the lengths and diameters of these cylinders are in proper
proportion, this arrangement is best adapted to obtain large
charges with but feeble intensities. It has this advantage
also, that when we come to turn the plate or cylinder, we can
cut off the communication between the prime and seconda-
ry conductors; for by this means we prevent the dissipation
of the accumulated electricity which would rapidly escape by
the points of the prime conductor, when the electricity of the
plate, by not being renewed, should cease to repel it.

It is evident that these changes in the communication ought not
to be made by the direct contact of the hands of the experimen-
ter, but by means of metallic rods attached to insulating handles.
When only a momentary communication is required, we usually
give to these rods the form of two circular ares AC, 4’ C, turning Fig. 23,
on a hinge about the centre C, and each provided with an in-
sulating handle M, which ordinarily is a rod of glass covered
with gum lac. We take one of these rods in the left hand, the
other in the right ; then opening or closing the angle which they
form, we can augment or diminish at pleasure the distance 44"
of the two extremities ‘of the arc, and adapt it to the distance
between the two conductors which we wish to connect. This
instrument 1s called an exciler, because it in fact serves to excite
sparks between one conductor and another. The instrument
represented in figure 24 answers the same purpose, although it
is generally used to discharge jars or batteries, and is hence
called a discharger. We also employ, as means of communica-
tion, metallic chains and cords which are suffered to hang from
one conductor to another, and which are easily removed with
tubes of glass when we wish to cut off the communication.

63. After determining the best forms for all the parts of an
electrical machine, it only remains to say a word respecting in-
sulation. It is plain that the insulation of the prime and secon-
dary conductors ought to be as perfect as possible, that they
may preserve for a long time the electricity which has been
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Fig. 22.
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communicated to them. For this purpose, the supports should
be as long and thin as consists with convenience and stability.
Those of the prime conductor are usually glass pillars. They
should be varnished with gum lac, because this gum insulates
much better than glass, and is less likely to contract moisture.
The secondary conducters may be suspended from the ceiling by
silk cords; and it would be well, in this case, if the upper part
of the cords were terminated by a cylinder of gum lac. As to
other particulars, we proceed according to the principleslaid
down in articles 16 — 24.

64. We have thus far supposed the rubbers to communicate
with the ground, and the conductors to be insvlated. In this
case the electricity acquired by the conductors is vitreous. But
we may also give them the resinous electricity. For this pur-
pose, we make the branches CB, CB, of the prime conductor
moveable about the axis CC”, and also the two branches JAM,
AM’, which connect the rubbers with the ground. If we would
obtain the resinous electricity, we turn these branches, as rep-
resented in figure 25, so that those of the prime conductor, which
are insulated, shall touch the pieces of metal on the back of
the rubbers respectively, and those which before communicated
from the rubbers to the ground are to be placed opposite to the
rubbed surfaces of the plate. Then the vitreous electricity ac-
quired by the plate is neutralized in a degree by the resinous
electricity . thus developed by influence in the branches A4,
AM ; and, on the contrary, the prime conductor retains all the
resinous electricity which is developed upon the rubbers. With
this disposition of the instrument, it is necessary that the points
with which the branches of the prime conductor are armed,
should be disposed in such a manner, as to be opposite to, or in
contact with, the rubbers, in order that their resinous electricity
may pass into the system of conductors, either immediately and
by contact, or by influence. Moreover, the supports which sus-
tain the cushions and which are usually attached to the frame
work of the machine, ought, in this case, to be of an insulating
nature, and so arranged as to produce the most perfect insulation.
It is also important to be able, as we have supposed, to bring be-
fore the glass plate the two metallic branches AM, AM’, which
communicate with the ground, in order to neutralize all the vit-
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reous electricity with which the surface is covered when it comes
from the rubhers; for, if it preserved this electricity, it would
develope none anew when it passed a second time between the
cushions, and the charge of resinous electricity which the con-
ductor might acquire, would be much less.

Of Electroscopes.t

65. Electroscopes are instruments destined, as their name im-
ports, to discover the smallest quantities of electricity. We
have already spoken of that of Coulomb, which is a true elec- o,
trical balance suspended by a thread of silk as it comes from
the silk worm. Other electroscopes are also founded on the
general principle of the repulsion which takes place between
bodies charged with similar electricities ; and their greater or
less sensibility depends on the lightness and facility of motion
of the substances employed to manifest this repulsion. These
are usually two long light pieces of straw, or two slips of gold gjg, 26,
leaf L, I’, suspended parallel and very near each other, by
means of two very fine pieces of wire that hook into the rings
a, a’, formed in a common stem or rod, also metallic, which is
terminated by a knob. By means of this continued communi-
cation, all the electricity given to the rod T is spread over the
wires, and thence over the straws or leaves, which immediately
manifest it by diverging from each other. But since the portion
communicated is in fact all which is indicated, it must be evi-
dent that the apparatus will be the more sensible, according as
these slips are lighter, more free in their motion, and according
as the rod T, which communicates the electricity, retains a less
portion of it upon its own surface. For this reason, it is neces-
sary that the stem should be thin and the knob small, though of
a size much greater than the stem. To prevent any motion
from the air, and to screen it from accidental injury, the whole
apparatus is enclosed in a square glass case, the neck of which

* * - " Fr v Eu'
is covered with gum lac that the insulation may be more perfect. '© '

t Usually called electrometers in English treatises on Electricity.
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The summit only of the stem appears above the glass, and this
admits of being turned so that the slips shall diverge parallel to
one of the faces upon which is traced a small graduated arc, to
measure the amount of the divergence. It is evident that a
greater or less divergence will indicate a greater or less degree
oi electricity ; but as the tendency of gravity to bring the slips
back to a vertical position, augments in proportion as they be-
come more oblique, it is manifest that the repulsive force which
supports them is not simply proportional to their divergence,
but follows a law less simple, depending on the weight of the
slips and their figure ; and consequently the parts of the graduated
arc, supposed equal among themselves, do not represent equal
degrees of electricity. Therefore, when it is proposed to meas-
ure equal degrees, it is necessary to have recourse to the balance
of Coulomb or to his electroscope, which alone possesses the
double advantage of indicating the smallest electrical forces and
of measuring them at the same time.

66. We can communicate to electroscopes of whatever descrip-
tion either the vitreous or resinous electricity, by touching the ex-
terior knob of the stem with an insulated conductor charged with
this kind of electricity. But there is another method equally suited
to this purpoese, which it may be well to explain, since it requires
only a tube of glass or sealing wax, or other electric, which, on
being rubbed with a proper substance, produces a known kind
of electricity.

Let us suppose, for example, that a stick of sealing wax is
used, and that the electroscope is that of Coulomb. The circle
of tinsel C being in contact with the fixed ball 4, we rub the
sealing wax with a cat skin, and present it to the exterior knob
B of the metallic stem /4B at some distance; the needle SC is
immediately repelled. The repulsion continues as long as the
sealing wax is presented. If it be brought nearer to the knob,
the needle is driven to a greater distance ; if it be removed fur-
ther off, the needle approaches the fixed ball; if it be entirely
withdrawn, the needle returns and touches the ball, and remains
in contact with it at its point of rest.

All these phenomena are to be referred to the case of influ-
ence exerted at a distance. The electricity of the stick of seal-
ing wax is resinous. 1t decomposes the combined electricities
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of the stem B and of the fixed ball A; it attracts the vitreous
into the exterior knob, and repels the resinousinto the fixed ball
and the circle C of the tinsel which touches it. This circle is
therefore repelled from the ball, since it is electrified in the same
way. If the sealing wax is brought nearer, the decomposition
of the combined electricities increases; the resinous electricity
of the fixed hall becomes stronger, and therefore the circle C is
driven farther off. The contrary takes place if we remove the
sealing wax. If it is taken away entirely, then the stem and
the fixed ball are abandoned to their own proper forces, and
their decomposed electricities again unite ; but they cannot be
neutralized completely, and the resinous electricity is too feeble
by whatever the tinsel has taken away. The stem and fixed
ball, therefore, remain charged with a small excess of vitreous
electricity, corresponding to the resinous electricity of the tinsel.
There ought, then, to remain some attraction, and it is only at
the moment of contact that the union is completed.

67. This being well understood, nothing is more easy than
to communicate to the tinsel and to the fixed ball a durable state
of vitreous electricity.

For this purpose, touch the exterior knob of the stem
with the finger, and present at a distance the excited sealing
wax ; then withdraw the finger, and afierward the sealing wax.
During the contact, the influence of the sealing wax decomposes
a portion of the natural electricities of the finger and the stem.
This influence drives off the resinous electricity into the ground
on account of the free passage which is afforded by the finger;
and it retains the vitreous, which it attracts into the part nearest
to the stick of sealing wax ; so that if the stem be long enough,
the tinsel placed at the other end will not be repelled. When
the finger is withdrawn, this vitreous electricity can no longer
escape ; and when the sealing wax is withdrawn, it remains free
upon the surface of the stem and fixed ball ; and then the tinsel
is repelled. It is necessary to withdraw the finger before the
stick of sealing wax ; otherwise the excess of vitreous electricity
would escape into the ground ; or, which amounts to the same
thing, this excess would be neutralized by resinous electricity
from the ground, and every thing would return to its natural
state.
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As a proof that this excess of electricity is really vitreous,
observe the motions of the tinsel. Since, according to the dis-
position of the apparatus above supposed, it is not repelled till
the moment when the sealing wax is withdrawn, it must have the
same electricity as the fixed ball. Bring the sealing wax again
toward the exterior knob nearer than before; it will attract
toward it the vitreous electricity ; and producing, moreover, a
decomposition of the natural electricities, it will repel the resin-
ous into the fixed ball. The circle of tinsel will immediately re-
turn toward this ball; and if we do not immediately withdraw
the sealing wax, it will come into contact. This approach under
the influence of the sealing wax is the sign by which we may
recognise all the cases in which the tinsel and the fixed ball
are charged with vitreous electricity. By proceeding in the
same way with a tube of glass rubbed with cat skin, or with
woollen cloth, the tinsel and the fixed ball become charged with
resinous electricity.

68. But the same effect may also be produced with sealing

Fig. 28.wax. For this purpose, take a small glass tube £, at the ex-
tremity of which attach perpendicularly, by means of soft wax,
a wire ff, 8 or 9 inches in length. Touch the exterior knob of
the electroscope with the insulated wire, placing it in such a
manner that it shall become, as it were, the continuation of the
stem AB. Then present at some distance the stick of sealing
wax, and withdraw first the wire and afterward the sealing wax.
The stem and the fixed ball will be charged with an excess of
resinous electricity ; for, by the disposition of the several parts
of the apparatus, the vitreous electricity, which is decomposed,
is almost entirely attracted into the wire ff, nearest the sealing
wax. Therefore this wire must have an excess of vitreous
electricity, and thus, by its influence, cause the stem and the
fixed ball of the electroscope, to possess an excess of resinous
electricity.

What we have now remarked may be easily verified by the
motions of the tinsel. For when we remove the stick of sealing
wax, it does not return of itself toward the fixed ball as in the
preceding experiment ; but remains at a distance {rom it, not-
withstanding the force of torsion which tends to malke it return;
and it will withdraw still farther, if we present, at some distance,
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the sealing wax to the exterior knob of the electroscope, because
the influence of the sealing wax augments the quantity of resin-
“ous electricity accumulated in the fixed ball. This repulsion,
under the influence of the sealing wax, is the sign by which we
recogpise all the cases where the tinsel and the fixed ball are
both charged with resinous electricity. By proceeding in the
same way with a glass tube rubbed with woollen, we should
communicate to the electroscope the vitreous electricity.

69. We shall now be able to explain why it is necessary to
give to the wire a length of 8 or 9 inches; such an extent facil-
itates the separation of the combined electricities, and the re-
moval of one or the other with more ease ; for the same reason
it is useful to give nearly the same length to the metallic stem
AB of the electroscope. But it is proper always to make it very
thin, and the knob very small which terminates it, so that small
quantities of electricity may, on account of the smallness of the
surface have sufficient force to repel the tinsel of the moveable
needle, which is one of the most essential properties of the in-
strument.

70. The methods which we have given for communicating
at pleasure the vitreous or resinous electricity, are applicable to
all kinds of electroscopes. All that we have said with respect to
the tinsel and the fixed ball, may be said of straws or slips of
leaf separated by the repulsive force. Here also it is by the
influence exerted at a distance, that we develope one or the oth-
er kind of electricity ; and if they are already charged, it is by
the same signs that we determine the nature of the electricity
which produces their divergency. But a precaution is requir-
ed in this case not necessary in the electroscope of Coulomb.
This is to bring the electrified body toward the knob, gradually
and at first from a distance, as if we would foresee the nature of
the electricity. For if the straws or leaves diverge, for exam-
ple, with vitreous electricity, and we bring toward the stem of
the electroscope a stick of sealing wax rubbed with woollen, be-
sides the action of this wax to attract to it the excess of vitreous
electricity spread over the stem and the straws, a decomposition
of the combined electricities will also be produced; and the
electricity of the same name with that of the sealing wax, that
is, the resinous, will be repelled into the straws. If it should

67.
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happen 1o be more than enough to saturate the little vitreous
electricity which still remains in them, they will diverge anew
but resinously ; and the change from one of these repulsions to
the other may be so rapid as not to be perceived. It would
then seem that the original divergence was owing to a resinous
electricity ; which is a mistake. This will not happen if we
bring the sealing wax gradually toward the knob, and we
shall have time to observe the gradual weakening of the first
repulsion before the developement of the second which succeeds
it,

Of the different kinds of electroscopes, that of Coulomb is
the most easily constructed ; it is also the most sensible, and that
which best preserves the electricity communicated to it. These
qualities render it of the greatest utility in all delicate inquir-
ies, of which I shall soon have occasion to exhibit some striking
examples.

| Of the Condenser.

71. Having presented a complete and satisfactory theory of
the action of electricity, we are prepared to understand the na-
ture of certain instruments in which it is more powerfully and
more durably exhibited, either by attracting into a single point
all the electricity of a system of conductors, by the influence of
an electricity of a contrary nature, or by employing the perma-
nent influence of the same quantity of electricity, to produce
successively the separation of the combined electricities of sev-
eral conductors presented at a distance. It will only be neces-
sary to describe these instruments; their theory will occur of
itself.

72. Where a conductor 4, insulated and in its natural state,
is placed in contact with a system of electrified conductors, or
with a permanent source of electricity, it acquires a determinate
charge ; but if we bring toward it another body B, in its natural
state and communicating freely with the ground, the presence of
this body causes the body .2 to receive a stronger charge of
electricity. In fact, the electricity with which A is at first cov-
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ered, acts upon the combined electricities of B, in proportion as
that body is brought nearer ; it repels the electricity of the same
kind into the ground, and attracts that of the opposite kind, which
fixes itself upon the surface of B nearest to.4. But by this same
attraction, the equilibrium is disturbed in the system of conduc-
tors with which 4 communicates. A new quantity of free fluid
is therefore spread over /4, whence results a new decomposition
of fluid upon B, and so on, till the fluid accumulated upon A4 is
brought to a state of equilibrium between the repulsion which it
exerts upon itself and the attraction of the fluid of B tending to
retain it.

All these phenomena, derived directly from the theory, are
completely confirmed by experiment.

We communicate to the prime conductor of an electrical
machine a feeble degree of electricity, after which a metallic
plate A being taken and held suspended and insulated by its hook Fig. 2¢.
C, by means of a glass rod M, this hook is made to touch the
conductor. The plate thus takes a small quantity of electric-
ity, which, when it is removed from the conductor, may cause
a certain degree of divergence in the pith balls of an insulated
electroscope, formed of two linen threads suspended from a stem
of copper.

After this operation, the conductors will have lost so small a
quantity of electricity, that they may be regarded as having ve-
ry nearly the same charge as bzfore ; we touch them again in the
same way, but at the same time holding, below the insulated
plate A, another plate B, communicating with the common res-
ervoir, the ground. The first plate .4 is then separated from
the conductors, being still kept under the influence of B; in this Fig. 30.
way, it takes a charge of electricity much greater than before,
as may be ascertained by presenting it anew to the electro-
scope. It is evident that it is necessary to withdraw A4 from the
contact while under the influence of 5 ; for if B were withdrawn
first, the fluid accumulated in A would immediately return into
the system of conductors, according to the laws of its first equi-
librium.

If we repeat this experiment, holding at first the plate B,
very distant from 4, then a little nearer, and finally very neav
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to it, we shall find that the charge of 4 augments more and more.
This is in fact agreeable to theory ; for the reciprocal attraction
of B and .4 ought to augment in proportion as their distance di-
minishes; the maximum charge would therefore correspond to
the case in which the distance of the two plates is absolutely
nothing. But as we could not come to this limit without ex-
citing a spark through the air which separates them, we inter-
pose between them a body which is very thin, and very imper-
meable to electricity, as a plate of glass, a piece of varnished
taffeta, or a thin lamina of resin. With this precaution, we may
diminish the distance of the two plates, almost at pleasure. In-
struments constructed in this way are called condensers.

72. The condenser with the glass plate is liable to be cover-
ed with moisture, which easily adheres to glass and impairs its
insulating property. The condenser with taffeta cannot be coms-
pared with itself, because the greater or less pressure of the
plates upon the taffeta, causes the distance to vary, and with it
the intensity of the condensation. The best methed is that in
which the separation is produced by a simple lamina of resinous
varnish applied separately to each plate. It is only neces-
sary to place the plates upon each other without rubbing them ;
for the friction would develope electricity in the lamina of resin
which would adhere very strongly to its surface, and which
might afterward be the cause of error in very delicate experi-
ments. To render the use of these instruments convenient, we
give to the plate B a solid foot of metal, and fit to the upper
surface of A an insulating handle MM of varnished glass. The
whole apparatus is represented in figure 31. When we would
make use of it, we place the plates one upon the other ; we touch
the lower plate B in order to make a communication with the
ground ; we next touch the electrified bodies with a knob a of
a wire firmly attached to the upper plate A, which is called the
collector plate, because it is that in fact which takes the electric-
ity from the bodies to which it is applied. After the contact,
we place the foot of the condenser upon a solid table; then,
while it is firmly held there, we remove the collector plate by
the insulating handle Ji, and test the electricity with which it is
charged. It is necessary to separate the plates perpendicularly
to their position ; for if they are separated obliquely, the elec-
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tricity of the collector plate would tend toward the edge of the
plate nearest to B, and its accumulation there might produce a
spark that would pierce the lamina of varnish and discharge the
condenser. It is for this reason that the footl of the instrument
ought to be kept firmly fixed while we remove the collector
plate; for the adhesion of the two plates tends to make them
slide upon each other obliquely. We must be careful, also, not
to charge these instruments with a degree of electricity too
great for the resistance opposed by the double insulating lamina
which separates the plates; for if this resistance can be over-
come, the two accumulated electricities would pierce the lamina
and unite by an explosion, as they do through the air. This is
very liable to happen in the condenser with varnished plates,
and for this reason, it ought to be reserved for very small guan-
tities of electricity. When the charge is required to be strong,
it is necessary to make use of the condenser with plates of glass.
But then, if the plates are not well varnished, the greater part of
the accumulated electricity is spread over the glass and attached
to it, so that it does not follow the collector plate when that is re-
moved. This inconvenience may be remedied by applying to
the surface of each plate,a disc of thin glass which is fixed there
and which prevents the electricity from quitting this surface.
But in order that very strong charges may be preserved in this
way, it is necessary to prevent lateral discharges by giving to
the discs a greater diameter than that of the plates, and cover-
ing the projecting portion of their surface with a thick layer of
very pure varnish.t

i e e

T A good varnish is very easily obtained by dissolving some seal-
ing wax in alcohol. For this purpose, it is necessary to pulverize
it and to let it remain in the alcohol for several days. The opera-
tion is quickened by warming the alcohol. When we wish to make
use of this solution, we slightly warm the glass, or the substance to
which we wish to apply it, and we then put it on with a brush. The
alcohol is carried off by the action of the air, and the sealing wax
remains. Over this may be laid a second or third coating, and so
on. A more perfect insulation is effected by using gum lac in this
way instead of resin.
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When such a condenser communicates with an electrical
machine by one of its metallic faces, the other communicat-
ing with the ground, the latter is in the same state, as if it had
been brought, without a discharge, very near to a highly charg-
ed conductor. The union of these circumstances is therefore
extremely well adapted to produce a strong discharge. Thus
when we take in one hand the foot of the condenser, which
malkes us partake of its electrical state, and with the other touch
the collector plate, the accumulated electricities are discharg-
ed, and unite with much force through the medium of the
body.  This discharge produces a shock in all the organs,
which is the more violent according 3s the condenser is larger,
its charge stronger, and its plates nearer together. This shock
transmits itself through several persons holding each other by
the hand, but becomes gradually weaker as it proceeds, and this
diminution of force is owing doubtless to the resistance which
the bodies in question, not being perfect conductors, oppose to the
passage of the electric fluid.

73. The whole force of condensers may be calculated up-
on the following principle, which indicates at the same time the
the manner and the limits of the accumulation which they pro-
duce. The electricity A being introduced into the collector
plate, neutralizes at a distance a portion — B, of the contrary
elcctricity, upon the lower plate which communicates with the
ground, and prevents it from escaping. This in its turn fixes,
in the same way, a portion A’ of the electricity of the collector
plate and takes from it its expansive force. The collector plate
is therefore in exactly the same situation as if it had only 4 — A
of free electricity ; consequently it must continue to be charged
until this quantity equals that which it would have taken imme-
diately from the conductors with which it communicates, if it
had been placed alone in contact with them, without the influ-
ence of the lower plate. The ratio of A to — B and of — B to
A" depends on the greater or less distance between the plates.
But, in all cases, — B must be weaker than A, independently of
the sign, so that if 4 is vitreous and B resinous, these two quan-
tities united, will become vitreous. For the attractions of the
particles 4 / upon — B must be less at a distance than it would
be in contact; since, therefore, they neutralize — B and take
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from it its expansive force through the insulating lamina, they
must compensate by their number for the weakness of their
action. Consequently we must always represent B as a frac-
tion of 4. To make myself understood more distinctly, suppose
B 5 of A, and see what follows from this supposition.

While 4+ 4 neutralizes — B through the thickness of the
insulating lamina, in the same way — B neutralizes a portion A’
of 4; and the manner of action being exactly the same, the

proportion neutralized must also be the same, that is, ;%%. Thus
A will be 2% of B, and as B isitself *2; of ./, it follows that 4"

LoQ

is 2 X Ah-of A or %% of 4. The excess of A over A/,
which is the portion of electricity that remains free upon the
collector plate, will therefore be A4 — 222 of A, that is, it will
be ;1885 of 4 ; a fraction very nearly equal to ;5 of /4 ; and
thus this plate will continue to acquire electricity till the fiftieth
part of its charge equals the quantity which it would naturally
take from the same conductors, if it were presented to them alone
and without the influence gf the lower plate. Its charge, there-
fore, under this influcnce, will be fifty times greater than in the
state of separation.

74. The mode of reasoning which we have now made use of]
shows generally that the condensing force of the instrument de-
pends on the fraction which expresses the ratio of saturation at
a distance between its two surfaces. The nearer this fraction
approaches to unity, the more nearly equal will the quantities of
electricity be, which may be neutralized through the insulating
lamina, and the less will be the excess of electricity which re-
mains free upon the collector plate. The ratio of this excess to
the whole charge may always be calculated, as in the preceding
example, and being inverted, it will give the measure of the con-
densation.

It is here supposed that we know the value of the fraction which
expresses the ratio of saturation at a distance between the two
plates. This we determine by experiment in the following manner;
we insulate the instrument and charge its collector plate with any
quantity of electricity, the lower plate communicating with the
ground. This being done, the communication is broken off; and

the two plates having become insulated again, they are separat-

ed parallel to each other with their insulating laminz, being held

L]
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by their glass handles ; we next apply the trial plane to each of
them, at a point similarly sitvated, for example, upon their cir-
cumference, and measure by the torsion balance, the charges
thus acquired. They will be proportional to the thickness of
the electrical strata at the points of centact, and consequently
to the total quantities of electricity of the two plates, since these
are supposed equal in magnitude, and the points of contact are
similarly situated. Thus the charge taken from the collector
plate may represent /4, and the charge taken from the lower
plate — B; and the ratio of the latter to the former will be the
ratio of saturation ; whence we may deduce by calculation the
measure of the condensing force. This method is more certain
than to endeavour to determine direcily the proportion of conden-
sation, as it would seem that we might do, by comparing with
the trial plane the charge which the collector plate receives from
the same system of conductors when it is alone and when it is
under the influence of the other plate. For, in order that this
comparison may be exact, it is necessary that in the two cases,
the conductors should be charged to exactly the same degree;
and of this equality we can never be certain.

75. The condensing force being determined, the absolute
effect of the condenser depends still on the absolute quantity
af electricity which the collector plate would take from the con-
ductors by which it is charged, if it were placed alone in con-
tact with them. But, other things being the same, this quantity
must increase with the surface of the collector plate. Therefore
condensers of a large diameter will aceumulate more elec-
tricity than those of a smaller diameter, and must give greater
shocks on being discharged ; and this is in fact confirmed by
experiment.

These reciprocal neutralizations which we have made use of
for the purpose of calculation, may be rendered sensible by the
following experiment.

76. After charging a condenser constructed with a plate of
glass, the lower plate of the condenser communicating with the
ground, insulate the whole apparatus, and first touch the lower
plate ; we shall draw from it no electricity ; consequently all
the electricity upon it is disguised, Then touch the upper
plate, and a spark will be given ; still the electricity will not all
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be carried off; a considerable portion will remain in a disguised
state. To render it sensible, touch anew the lower plate. It
will now give a spark ; for its electricity is not all disguised,
since we have taken away a part of that which retained it by
its action at a distance. But by this contact a new portion of
the latter has become free; the collector plate will therefore
give another spark, and so on till the two plates are completely
discharged. It is easy to determine by calculation the law of
this progression from the constant ratio of saturation at the dis-
tance between the two plates. We thus find that the first con-
tact takes away more electricity than the second; the second
more than the third, and so on; and that these quantities follow
a decreasing geomelrical progression, having for its ratio the ra-
tio of saturation.

When we touch butlﬂ:ulates at once, all the electricity which
would have escaped from the two faces by the successive con-
tacts, is transmitted simultaneously through the body, and this
single shock completely discharges the condenser.

77. I have said above that in the condenser with a piece of
glass and naked plates, the greater part of the accumulated elec-
tricities does not adhere to the surface of the plates, but attaches
itself to the opposite faces of the glass. In that case, the two
plates have properly no other effect than to establish a free
communication between the different points of each of the two
faces of this glass, in order that the electricity may easily spread
itself over them and may also escape, at the moment of the dis-
charge, from all their points at once. This may be easily veri-
fied by experiment ; for this purpose, afier having charged such
a condenser, place it upon an insulator ; then with the hand re-
move the upper plate by its insulating handle, and touch it ; we
shall receive from it only a small spark, and the expansive force
will remain with the other plate. This being done, remove alse
the glass plate, lifting it by one of its edges, and touch the low-
er plate ; this will give a spark in its turn, but also very small.
It follows from this that the accumulated electricities have re-
mained attached to the two faces of the glass plate ; and in fact
if we replace it between the two insulated plates of the conden-
ser, without communicating to them, or to it, any new electricity,
the condenser will be found to be recharged of itself almost as
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strongly as at first. Or otherwise, without replacing the glass
between the two plates, if we apply both hands directly toits two
faces, so as to touch a great number of points at once, we shall
feel a discharge, just as if the glass had again been covered with
the plate; because the extent of contact of the hands permits
a large number of points of the two surfaces to discharge them-
selves at once. But if; instead of touching the faces of the glass
with the open hands, we merely move over them the extremities
of the fingers, we shall only perceive a slight sparkling and a
local discharge in the points touched; no general discharge,
however, will take place, and thus we shall be exposed to no
violent shocks.

78. Mpinus, who was indeed the real inventor of this instru-
ment, contrived an experiment in some respects the reverse of
the preceding, which shows very evidently what is the precise
use of the insulating lamina interposed between the two plates.
He employed for plates two large circular pieces of wood cover-
ed with sheets of tin; and having brought them toward each
other in a parallel direction, without any thing being interposed
except the stratum of air which separated them, he caused the
upper plate to communicate with the conductors of an electrical
machine, the lower communicating with the ground. This ap-
paratus, it will be perceived, is a true condenser, an aerial lam-
ina taking the place of the varnish; it is charged, also, in the
same way as a condenser is charged, and it gives a shock when,
the lower plate being touched with one hand, the upper is touched
with the other. In order to ebtain considerable shocks from this
apparatus, it is necessary to employ large plates; for since we are
obliged to keep them at a considerable distance that sparks
may not escape from them directly through the air, the extent of
surface must compensate for the weakness of the condensing force.
Besides, this extent seems to be one cause which retards the
spark when the plates approach parallel to one another. Its
effect is in a degree the reverse of the effect of points. The
only difference between this and the common condenser is, that
the surfaces of the insulating lamina have no real existence, ex-
cept when the two plates are in presence of each other, for they
are nothing else but the aerial limits of the surfaces which the
two plates mutually present to each other.
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79. Although ZEpinus actually invented the condenser, as we
have said, and gave its true theory, as may be seen in his trea-
tise, it was Volta, who by uniting it to the electroscope, render-
ed it useful in discovering and making sensible the most feeble
sources of electricity.

Indeed, we often meet, in physical inquiries, with sources of
electricity capable of affording only very fecble repulsive forces,

“and which fail entirely when they have attained a certain limit;
but which, if we destroy the electricity thus produced, develope
it anew. Of this we shall soon present several examples. Sup-
pose a communication between one of these constant sources of
electricity and the collector plate of the condenser whose insu-
lating lamina is exceedingly thin, a single layer of varnish, for
example. It is evident that the electricity from this source will
go on accumulating in the condenser till the quantity not dis-
guised is equal to what the collector plate would receive directly
from the same source. Let us denote this quantity by E. When
we have reached the limit in question, if we separate the con-
denser from the source of electricity, and remove the collector
plate, its charge will be equal to the quantity E multiplied by
the condensing force. It may therefore become sensible, how-
ever weak E may be, if the ratio of saturation differ little from
unity, that is, if the distance between the plates of the condenser
is very small, a condition which the layer of varnish perfectly
fulfils.

In order to unite the indications of this instrument with those
of the straw electroscope, which Volta commonly used as being
the most portable and the most convenient, we unscrew the up-
per knob from the stem, and substitute in the place of it, the
lower plate of the condenser. This plate is then insulated by
the glass case of the electroscope. It is made to communicate
directly by a metallic wire with the constant source of electric-
ity, and we merely touch the upper plate to make it communi-
cate with the ground. With this arrangement, it is the lower
plate which collects the electricity., When we think the charge
sufficient, we separate it from the constant source without touch-
ing it, keeping for that purpose an insulating rod ; we then re-
move the upper plate by its insulating handle. The electricity
of the lower plate, becoming free, manifests its repulsive force by

E. & M. 12
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the divergence of the straws. It is then easy to determine its
nature by the usual tests. Itis sometimes more convenient to
make the constant source communicate with the upper plate of
the condenser ; we then touch that which communicates with the
straws. When the instrument is charged, we cease to touch it;
it is separated from the source of the electricity, and the upper
plate is removed which carries away with it the electricity which
it had acquired. Then the lower plate which is left insulated,
preserves the contrary electricity and manifests it by the diver-
gence of the straws. Its charge is, in this way, somewhat less
than that of the collector plate, in the first method, since the
ratio of saturation at a distance is always fractional. But the
difference will not be sensible, if, as we suppose, the lamina is
very thin, because this ratio will then approach exceedingly
near to unity. It is only necessary to remember that this elec~
tricity is of a different nature from that of the source.

It is evident that we might equally well apply the condenser
to the electroscope of Coulomb ; but as the method is exactly
the same, it is unnecessary to describe it here.

Of the Electrophorus.

80. When a body is electrified and insulated, if we bring
toward it another body not insulated, the latter will take the
contrary electricity, and if it be suddenly insulated, it will be
free to be charged with this electricity. This has been shown
several times in the preceding sections, and may be proved again
in different ways. '

We charge the conductors of the machine with a certain
quantity of electricity, and bring toward them at a distance, a
metallic disc supported by a glass rod. If we withdraw this
disc without having touched it, it will be found to be in its natu-
ral state; but if we touch it while within the influence of the
conductors, and then remove it, first taking off the hand, we
shall find it charged with electricity the opposite to that of the
conductors.

We take a metallic disc supported upon a stand, insulate it
and give it a spark; after which we use it as in the preceding
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experiment, to charge another metallic disc, by touching it and
then insulating it. This phenomenon is renewed until the elec-
tricity of the insulated disc has been entirely lost by the contact
of the air.

81. In order to know what takes place with respect to the
electricity of this disc, while it is thus acting by influence, we
have only to make the lower surface of the disc communicate
with an electroscope consisting of threads, insulated like the
disc; the threads instantly diverge. But as the uninsulated
disc approaches, their divergence diminishes; it finally becomes
to appearance nothing, and the electricity seems to be destroyed.
But it is in fact only disguised ; for when the disc which commu-
nicates with the ground is withdrawn, the threads begin to di-
verge anew as strongly as at first.

The decomposition of the natural electricities of the presented
body, and consequently the quantity of electricity with which it
becomes charged, augments according as its distance from the
electrified body diminishes, and it would be at the highest de-
gree of intensity if this distance were nothing. But we can-
not diminish it indefinitely without exciting a spark between the
two bodies. It is for this reason that we interpose between
them a thin plate formed of some substance impervious to elec-
tricity, as a plate of glass or a layer of resin.

In order to show the application of this method, we insulate
a metallic disc, the lower plate of a condenser, for instance; we
protect it with a plate of glass and give it a spark. = Upon this
plate we place the other plate of the condenser which is provid-
ed with an insulating handle; we touch its upper surface for an
instant ; we afterward remove it by its handle and find it charg-
ed with electricity the opposite to that of the insulated disc.
This experiment may be repeated as many times as we please;
and for this reason the instrument has received the name of
electrophorus, that is, a bearer of electricity.

82. We perceive that the condenser and the electrophorus
are both founded upon the electrical action exerted at a distance.
But in the condenser, we make use of the presence of another
body communicating with the ground to augment the charge of
an insulated body, while in the electrophorus it is the insulat-
ed and electrified body by which the accumulation is produced.
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An electrophorus may be constructed in which the thickness
of the insulating lamina shall be altogether insensible. For this
purpose, we have only to employ for the lower disc a plate of
glass or a layer of resin electrified by friction. These substan-
ces strongly retaining the electricity, we place the upper disc
immediately upon the surface, without their imparting to it any
considerable quantity of the fluid; while the influence, exerted
in decomposing the natural electricities of this disc, will be very
great. The most common electrophorus is constructed in this
way with a cake of resin run into a metallic dish. We electri-
fy the surface of this cake by rubbing it with a dry cat skin. It
takes the resinous electricity, and its influence causes in the
upper plate the vitreous electricity. This apparatus is of use
in chemical inquiries in which we have frequent occasion for
electricity.

83. When the apparatus is charged and placed upon the
resin, the vitreous electricity which resides upon its lower sur-
face, and the contrary electricity developed upon the resin, mu-
tually neutralize each other, and neither has a tendency to es-
cape. Consequently, they cannot be dissipated by the contact
of the air, which could hardly insinuate itself between the sur-
faces where they reside. An instrument thus charged ought to
preserve for a long time its two electricities, and they are found
indeed to continue whole months if the electrophorus is kept in
a dry place.

Nevertheless the permanent attraction of the two opposite
electricities must gradually overcome the resistance which the
resin opposes to the disengagement of its own resinous electricity,
and to the introduction of the vitreous electricity of the plate.
This is probably the only cause why, after a longer or shorter
time, the electrophorus is finally found to be discharged, and
its different parts reduced to their natural state.

The effects of this reciprocal attraction may be accelerated by
sreatly increasing its energy. For this purpose, when the electro-
phorus is charged, remove the metallic plate and placeit anew upon
the resin, not parallel to its plane and in the direction of its sur-
face, but obliquely and with the circumference toward the resin.
Then its vitreous electricity accumulating almost entirely in the
part of its circumference which touches the resin, will take a
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much greater repulsive force. It will leave the plate, complete-
ly neutralize the points toward which it is directed, and after
several contacts in different parts, the cake of resin, will be found
to be entirely discharged.

84. We hence derive a curious experiment. Instead of re-
stering to the resin the vitreous electricity developed by its influ-
ence in the metallic plate, apply it to another cake of resin
which is in its natural state ; it will, in like manner, attach itself
to the surface of this plate, which will thus be electrified vitre-
ously, and will thus become capable in its turn of developing by
its influence the resinous electricity. When the second cake
has been charged in this way, place a metallic plate upon its sur-
face ; we shall have an electrophorus affording an electricity the
opposite to the first. We can make use of this in the same way
to charge the surface of a thin cake with resinous electricity;
and this series may be extended to any number of cakes which
will be electrified alternately with vitreous and resinous elec-
tricity.

85. By this process we can electrify also the surface of each
cake only in certain determinate parts. For this purpose, it is
sufficient to adapt to the disc which conveys the electricity a
stem and a metallic knob like those of the collector plate of the
condenser. Then if we touch the resin with this knob, the elec-
tricity will flow entirely to the point of contact. By taking a suc-
cession of points, we can trace the outline of a proposed figure.

If we would render these points visible, we have only to
sprinkle over the surface of the resin some light non-conducting
powder, as the dust of resin or sulphur. The small particles of
dust attach themselves only to the electrified parts, so that by
inverting the cake, all those not thus retained fall off by their
own weight, and the electrified lines remain covered with these
particles. We observe that the particles of dust take regular
but different arrangements according to the nature of the elec-
tricity by which they are retained ; and hence by forming lines
with the two electricities upon different parts of the same cake,
we obtain at the same time two sorts of figures. This curious
experiment was first performed by Lichtenberg, a German
philosopher, and the figures thus traced are called Lichtenberg’s
figures.
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To render this phenomenon more apparent, we make use of
a mixture of sulphur and red lead rubbed together in a mortar.
The friction thus produced electrifies the sulphur vitreously and
the red lead resinously. We put this powder into a kind of bel-
lows which serves to throw it over the cake of electrified resin.
Then the two substances, attaching to the cake, become separate
and distinct both by their arrangement and their colour; the
sulphur being yellow and the lead red.

Soon after this discovery, some German philosophers remark-
ed that the powder of resin, thus spread over an electrified cake,
exhibited very slight progressive motions, which appeared how-
ever not to have any regularity. Upon this, a theory was soon
formed ; but more attentive observers discovered that these mo-
tions were produced by a little insect, called acarus, which is
often found in the powder of resin.

Of the Leyden Jar.

86. In the preceding articles, we have examined the phenom-
ena which are produced by the vitreous and resinous electrici-
ties, when disguised by each other in virtue of their action at a
distance. We have seen that when they are in this state, if we
present to them conducting bodies which communicate from
one to the other, they dart with force upon these conductors,
unite, and thus return to their natural state of combination.

The experiments which we are about to perform relate to
the same kind of action, and are to be explained on precisely
the same principles ; but they are worthy of particular attention
because they furnish powerful means of accumulating the elec-
tric force, and because they give rise to numerous phenomena
which require this accumulation.

We take a glass vessel, as a tumbler, for example, partly
filled with water, and holding it in the hand, we introduce
into the water a wire or other conductor communicating with the
prime conductor of an electrical machine. After a few turns of
the plate or cylinder, if we attempt to remove the conductor with
one hand, holding the vessel always in the other, we shall receive
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a shock which will be the more violent according as the vessel
is larger, the machine more powerful, and continued in action
for a longer time.

87. This experiment, which was performed long before the
invention of the condenser and the electrophorus, and before
electricity was reduced to a theory, was the result of accident,
but of an accident that excited attention. It first presented itself
at Leyden to Cuneus and Muschenbroeck. The phenomenon was
to them an occasion of surprise and even of terror. It was re-
peated every where, and being soon familiarized with the
particulars which had at first excited so much apprehension,
philosophers attempted to discover the arrangement best fitted
to produce an effect so wonderful. They first discovered the
necessity of a conducting substance, as water, mercury, or sheets
of metal applied to the inner surface of the vessel; they soon
perceived also the importance of an exterior coating of a con-
ducting nature, as the hand performed this office in a very im-
perfect manner. Finally they discovered that it was indispen-
sable to cut off all communication between the inside and outside
of the vessel, or rather between the inside and outside coatings,
except at the instant of the explosion.

These conditions are fulfilled in the best manner by taking a
phial or jar of common flint glass, and pasting or glueing upon
the outside a thin sheet of metal, as tin foil, the inside being
coated in the same manner, or filled with leaves of metal. A
metallic rod terminated without by a ball, passes through the
stopper of the jar and serves to convey the electricity to the in-
terior. The stopper and a part of the neck are usually varnish-
ed on the outside. This instrument, which is represented in fig-
ure 34, is generally called the Leyden jar, from the name of the
city where its properties were first observed.

88. The theory of the instrument agrees so exactly with that
of the condenser, that almost the same language may be used
with respect to both.

The electricity which is introduced within the jar, and
which we will suppose to be of the vitreous kind, decom-
poses by its influence the natural electricities of the outer sur-
face, drives off the vitreous, fixes the resinous, and by the
reciprocal attraction of the resinous is itself partly fixed in
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turn; and thus the jar forms a true condenser. When a com-
munication is made by the hand or by both hands between its
two faces, the two electricities accumulated there rush toward
each other with great rapidity, and traversing the bodily organs
produce in them a violent shock; or, which is the same thing,
the body which is the medium of communication suffers a rapid
decomposition of its natural electricities, each of which tends to
that surface of the jar where the opposite electricity resides.

This explanation may be verified in every particular by
experiments similar to those employed in the case of the conden-
ser. Generally, the Leyden jar is simply a condenser, in which
the insulating layer is curved, and which has for its coating or
armour, as it 1s sometimes called, on the outside, the sheet of
metal with which the jar is covered, and within, the conducting
substance with which the jar is filled or covered.

89. When an electrified Leyden jar is suspended in the air,
the absorbing action of that fluid can act only on the portion of
electricity which is free upon either surface of the glass, and
the reciprocal action of the two disguised electricities serves to
protect them both. This is very evident from the long time
which Leyden jars of thin glass take to discharge themselves
completely, when they are insulated and when the direct com-
munication of their two surfaces is interrupted by a layer of
pure gum lac.

If we examine, at different times, the progress of this absorp-
tion, by touching the two surfaces with the trial plane, we shall
find that there have been developed upon each quantities of free
electricity, of a contrary nature, which finally become sensibly
equal; after which they maintain themselves in this state of
equality until both are completely exhausted. We are able, by
means of the calculus, to account very exactly for this phenom-
enon, according to the laws of the absorption of electricity by
the air.  When, however, the equality of the charges is thus
established upon the two surfaces, if we spread upon each a non-
conducting powder, it would evidently adhere by the attraction
of the free electricity ; and if, moreover, the electricity were not
strong enough to repel the particles, they would thus be pre-
served from the contact of the air; and thus, there being no
waste, the jar will remain charged for an indefinite time. This
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we in fact observe, when the two surfaces of a thin glass jar,
after being charged, are covered with a mixture of sulphur and
red lead, of which we have spoken above. If we suspend sucha
jar by a cord along a dry wall, it will preserve its electricity
for months.

90. When we are employed in electrical experiments, we
ought never to lose sight of the influence derived from the con-
tact of the air. Overlooking this, we are apt to believe, for in-
stance, that a Leyden jar, or other instrument of the kind, may
be charged merely by receiving the electricity of the machine
upon one of its faces, without communicating by the other with
the ground ; for, indeed, a jar thus insulated is gradually charged
especially if it is electrified for a long time. But this is because
the electricity of its other surface, repelled and rendered free
by influence at a distance, is exposed to the absorbing action of
the air which slowly diminishes it,and thus permits the accumu-
lation of a certain quantity of electricity upon the surface com-
municating directly with the machine. To make this effect con-
spicuous, we have only to arm the outer surface with several
points ; the jar, although insulated in the air, is charged almost
as strongly as if the surface armed with points had communicated
directly with the ground.

Of the Electric Battery.

91. When we wish to accumulate a large quantity of elec-
tricity, we form several Leyden jars of a large size, coating the
two surfaces with tin foil, and connecting the interior surfa-
ces together, and the exterior together, so that when they are
charged by communicating with the conductor of an electrical
machine, they may all be discharged at the same time. This ap-
paratus is called an electric battery ; it is represented in figure
35, It is usually placed upon an insulating support, which com-
municates with a metallic conductor that may be removed and
replaced at pleasure. ;

The greater the extent of armed surface a battery contains,
the more electricity it accumulates, the action of the machine
being the same ; it requires also more time to charge it. Gen-

E. & M. 13
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crally, when we make use of large batteries, it is useful to sepa-
rate them into several parcels in order to be able to proportion
the quantity of electricity to the effects to be produced. By
this means we are able also to charge batteries more rapidly
with the same machine.

92. Suppose any number of Leyden jars, or armed surfaces
of glass, suspended under each other by metallic conductors, as
represented in figure 36. We attach the first to a cord of silk
S, and make the last communicate with the ground. We then con-
vey upon the upper face A,, the electricity of the machine
which we suppose vitreous; it is evident that all the lower plates
will be charged at the same time with the first, by the successive
repulsions of the electricity of one into the other. But both
reasoning and experiment show, that in this way of charging by
cascade, as it is called, the decomposition of the natural electric-
ities is weakened very fast, as we recede from the prime con-
ductor; so that if we take only a small number of plates, the
last are scarcely charged at all. Moreover, if we make the
first and last links of the chain communicate with each other by
their opposite faces, we obtain the discharge of the quantities of
electricity only which they have individually acquired; and
those of the intermediate plates recombine of themselves without
producing any effect; whereas we may avail ourselves of their
power also, if; after having charged the system by cascade, we
separate its successive parts in order to make the faces charged
with the same electricity communicate with each other, and
then discharge them simultaneously, The same method may be
advantageously employed in charging large batteries. For this
end, it is necessary to separate them into several parcels, and to
place them upon insulating feet, as represented in figure 37. If
we wish to charge them all or only a part of them, we at first es-
tablish a communication between the successive faces B, 4,, B,,
Mgy .. by means of the metallic rods C,, C,,. ... which
pass through rings provided for this purpose ; and we make the:
last face B, communicate with the ground. Afterward, when the
charge is supposed to be sufficient, we destroy the communicas
tion of the face B, with the ground. We may then safely re-
move, one after the other, the metal rods C,, C, . .; for when
we remove C,, for instance, no discharge can take place, for
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the electricity B, is entirely retained by A,, and the electricity
A, almost entirely by B,. Nevertheless, we shall thus receive
a feeble spark arising from the excess of .4, over B,. This
being done, and the partial batteries being thus separated, we
establish communications between their surfaces 4 ,,4,, ... by
throwing on the same metal rods C,, C,, ... (if we lay them
on, we should be exposed to a discharge ;) these rods meeting
the conductors by which the parts of each battery are connect-
ed, naturally place them in communication. Each time the rod
falls upon two consecutive parts, it excites a spark between them
which comes from the inequality of the charges acquired during
the first arrangement. When the batteries are all united, we
can discharge them all at a single contact, by making the com-
munication between the extreme faces 4, and B, ; or, if we
pleasx\t:,r we can first charge them completely by a renewed mo-
tion of the machine.

In these operations, it is important to have an electrometer,
or, as it is sometimes called, a regulator to point out at each in-
stant the state of the hattery. For, at a certain point of intensi-
ty, the portion of electricity of the faces .4 may have a repulsive
force sufficient to overcome the resistance of the air, and by
rushing with an explosion toward a face B, the battery would be
discharged, and some of the jars perhaps broken, because all the
forece of the shock tends then toward a single point of the coating.
To avoid an accident of this kind, we screw upon the conductors
communicaling with the faces 4, a small pendulum having a me-
tallic rod 7'T, and a small rod of ivory carrying upon its extrem-
ity a small ball & of elder pith. The free fluid of the faces 4, Fig. 38.
exerting its repulsive force upon this pendulum, repels it from the
stem; and its divergences are measured by a graduated arc
traced upon the semicircle ce. It is evident that this instru-
ment gives no absolute measure of the electricity accumulated ;
but affords at least a constant indication by which we can he
guided, when we have determined by experiment, once for all,
the degree of repulsion at which a spontaneous discharge is to
be apprehended.

In discharging batteries, we make use of the exciter or dis-
charger already described. We connect one extremity or knob
with a face 4, and the other with a face B, and the discharge
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takes place through this conductor. When we have occasion
to use large batteries, care should be taken how we expose our-
selves, by becoming a part of the circuit; for a discharge through
the body might be attended with serious consequences.

Of the Electric Pile and of the Phenomena presented by Crystals
capable of being electrified by Heat.

93. While on the subject of charging by cascade, I shall
present some results which will be found useful hercafter when
we come to treat of galvanism and magnetism. They will also
alford some new examples of the action of disguised clectricity.

Fig. 3% Imagine a series of glass plates, having the two surfaces
coated with metal, and arranged parallel to each other in such
a way that the face B, of the first shall communicate by a
wire with the face #/1, of the second ; the face B, of the second
with the face 4, of the third ; and so on to the last, the lower
face B, of this last communicating with the ground. Let us sup-
pose that, the whole apparatus being insulated, we make the first
face A, communicate with the prime conductor of a powerful ma-
chine, and that after having thus electrified it by cascade for some
time, we interrupt the communication with the conductor and
with the ground by means of non-conducting rods. It is propos-
ed to find what will be, after a certain interval, the electrical
state of the different parts of the apparatus.

To determine this, it is necessary to consider that at the mo-
ment when the communication is broken, the first face .4 contains
a cerfain electrical charge, in part free,and in part disguised by
the electricity of a contrary nature which it has itself attracted
and fixed upon the second face B, ; it is the same with the faces
A, and B,, with 4, and B, and so on through all the others.
Of all these quantities there is only the charge /1, which is for-
eien to the apparatus; all the others being derived from the
simple decomposition of the natural electricities. The absolute
intensity of decomposition varies from one plate to another; but
all which is excited upon each is not sensible; there is nothing
sensible except the portions of free electricity, which are all of
the same nature with that belonging to /.
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Now if the apparatus in this state were exposed in a perfect-
ly non-conducting medium, it is evident that this state of equilib-
rium would continue without change; but if it were surrounded
by an absorbing medium, as the air, it would gradually lose its
electricity.  To understand how this would take place, we must
remember that in the same state of the air, and for a surface of
the same form, the waste is proportional to the whole quantity
of free electricity which resides upon it. Thus, in the first in-
stants, the loss will be greater for the first face /1, than for the
second A,, because the latter has less free electricity; so also it
will be greater for A4, than for .4, and so on to the last face B,,
where it will be nothing, because upon this face there is no free
electricity. But by this series of unequal losses, free electricity
will be developed. For the equilibrium before established did
not exist between the poitions of free electricity of the different
faces, but between their absolute charges; and since the first
charge A, is weakened, it can no longer neutralize upen B, all
which it neutralized hefore ; it is the same with respect to the
action of .2, upon B,, and so on to the face B,. The electric-
ity of this face being no longer completely neutralized, a por-
tion becomes free, and this portion, at first very small, grad-
vally augments. For although, from the instant that it first ap-
pears, it is continually . exposed to the absorbing action of the
air, yet from its weakness, it loses at first less than the free por-
tions of the other faces; hence the change of equilibrium goes
on gradually in the same way, the loss of free electricity dimin-
ishing more and more upon the first face and increasing upon
the last, and upon the intermediate faces, varying between these
two extremes. No limit can be assigned, therefore, to these
variations, except it be the equality of the quantities of free
electricity residing upon the two extreme faces of the apparatus,
which will also reduce their charges to an equality. Then the
disposition of the electricity will generally be symmetrical, as
we proceed from these two faces toward the centre of the pile;
the guantities of free electricity will be of a contrary nature on
each side of this centre, gradually decreasing as we approach
it; and at the centre they will be nothing, and we may touch
the plate which is placed there without experiencing any shock.
But if we break the pile at this place, or at any other, and insulate



102 Electricity.

the parts, there will gradually be developed at the broken ex-
tremity, a certain quantity of free electricity, which will be of
a contrary nature to that of the other extremity which was left
untouched.

This result is agreeable to theory, and, as I have satisfied
myself, is perfectly confirmed by actual experiment.

The phenomena which are presented by minerals capable
of being electrified by heat, are analogous to those we have
described ; and we can scarcely doubt that nature has provided
them with a similar apparatus, that is, with an electric pile com-
posed of an infinite number of parallel plates. The mere detail
of the facts will be sufficient to establish this truth.

I shall take as an example the variety of the tourmaline
denominated by M. Hailiy isogone; it has the form of a prism
with nine faces, terminated at one end by a summit of three
faces, and at the other by a summit of six faces. When this
stone is exposed to a temperature less than 98° of Fahrenheit,
it offers no signs of electricity; but if we immerse it for some
minutes in boiling water, and then, holding it with a pair of small
pincers applied to the middle of the prism, we present it to the
disc of an electroscope or to the small pendulum, already charged
with a known electricity, we shall see that it is attracted by one
end and repelled by the other. The summit with three faces
possesses the resinous electricity, and the summit with six faces
the vitreous. By making the electroscope very sensible, we
find that cach kind of electricity goes on decreasing rapidly
from the summit where it resides; that it becomes very feeble
at a small distance frem each extremity of the prism; and that
from this point to the centre, the mineral appears to be in its
natural state ; in a word, the ecffects are absolutely the same as
in the insulated electric pile described above.

Many other crystals have since been found to exhibit sim-
ilar phenomena. Several are more sensible in this way than
the tourmaline, a small increase of heat being suflicient to elec-
trify them. M. Haiiy, who has made many curious researches
on this subject, has remarked that the property in question be-
longs only to crystals whose forms are not symmetrical, and
that the parts where the opposite electric poles reside, vary al-
ways from symmetry, as the two extremities of the prism of the
tourmaline.
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It is possible that a very great depression of temperature in the
case of the tourmaline might destroy its electrical equilibrium, as
an elevation of temperature is known to do, or that it might be
destroyed by a less degree of heat, if the stone were previously
exposed to extreme cold. These particulars, which might serve
to clear up the mystery of the electrification of this mineral,
deserve to be examined,

When melted sulphur is poured into an iron basin, and suf-
fered to cool in this basin while insulated, we find that it ac-
quires the resinous electricity, and the iron the vitreous. This
fact seems to indicate what takes place in each element of the
tourmaline and of the other crystals which are electrified by
heat. A series of such elements, being placed in contact with
each other, would probably form a true electric pile, in which
the insulation and separation of the plates would be effected by
the nonconductibility of the substance of the crystal.

Mechanical and Chemical Effects produced by the Repulsive Force of

accumulated Electricities.

94. We have already remarked more than once, that the
electricity spread over the surface of conducting bodies, exerts
a contrary pressure upon the atmosphere which retains it at this
surface by its weight. We have seen that this reaction, which
is always proportional to the square of the thickness of the
electric stratum, may become sufficiently powerful to overcome
the resistance opposed by the air. Then the electricity escapes
through the particles of the air. Ience we infer, that at higher
degrees of accumulation, the electricity becomes capable of
breaking through substances much more dense than the air, and
even of separating their particles. This is confirmed by exper-
iment.

The force of an electric battery, when highly charged, is
sufficient to break cylinders of wood through which it is made to
pass. It inflames certain combustible bodies, as phosphorus,
ether, and other spirits, that is, it causes them to combine with
the oxygen of the air, especially if they have been previously
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warmed. It destroys life when it is made to pass through the
body of an animal, and the flesh soon putrefies like that of ani-
mals killed by lightning. It passes also through plates of glass
lengthwise and breaks them, provided their surfaces are pol-
ished ; for otherwise the glass would be a conductor and the
discharge might pass without breaking it. If transmitted along
a fine wire of iron, silver, or copper, it melts it into little globules.
With a degree of accumulation still more intense, these wires
and even thin leaves of metal are suddenly volatilized.

It is evident that such a force might, by a similar action,
produce in liquid or gaseous substances, all the phenomena
which result naturally from a strong compression or from a sud-
den elevation of temperature ; and this is in fact observed to take
place. Thus the electric discharge, even that of a simple Ley-
den jar, inflames hydrogen and oxygen when they are mixed
together in the proportion of about two parts by bulk of hydrogen
to one of oxygen; and the residuum is water, or rather the vapour
of water, elevated to a high temperature by the great quantity of
caloric which the combination disengages. The most convenient
apparatus for this experiment is represented in figure 40. It con-
sists of a large glass globe, kept filled with oxygen gas by making
it communicate with receivers having a constant pressure. Into
this globe issues a constant current of hydrogen gas througha very
fine glass tube. The jet is inflamed by a feeble spark sent through
the globe by metallic conductors, and the combustion having once
begun, supports itself. This experiment requires much caution
to avoid explosions ; but when we wish to observe only the fact
of the combination of the two gases, we can safely employ the
apparatus represented in figure 41. This is a glass tube closed
at top with a metal stopper, which is strongly luted and which
has a small knob projecting without the tube. A flexible metal-
lic rod rises in the same tube by a spring, and approaches within
a small distance of the knob. Then the tube being immersed
in a trough of water, is filled with gas like a common receiver;
and being drawn partly out and wiped, a spark is given to the
metallic cap; it passes through the gaseous mixture, and causes
inflammation with a loud noise. The same effect is produced by
simple mechanical pressure; and also by an elevation of tem-
perature.
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In the same way that we form water by the electric spark,
we are able also to decompose it. To this end, recourse was
had formerly to violent discharges through the liquid, which
produced in it explosions accompanied with sparks. DBut the
able and ingenious Dr Wollaston contrived te produce the same
effect in a much more certain, casy, and beautiful manner, by
conducting the electric current through the water by means of
very fine platina wires, terminating in sharp points, and insulat-
ed in glass tubes, or enveloped in resin, that they might not lose
their electricity, except at the points themselves. 1t is evident
that a very feeble electricity will, under these circumstances,
acquire an extreme intensity, which is confined to the extremity
of the point, and acts entirely against the single particle of
water with which the point is in contact. Thus the electric
current of a feeble machine, being transmitted in this way, is
sufficient to disengage a continued stream of little bubbles, which
being collected and tried by the electric spark, are found to be
the two gases of which water is composed. The effect is
rendered more certain and rapid by bringing together at the
same time, through two opposite wires, two currents of electricity
of different kinds.

If the transmission is made by two very fine points, one of cop-
per, and the other of silver,immersed in a solution of sulphate of
copper, the first communicating with the vitreous conductor, the
sulphate is decomposed. The copper, being separated from the
acid, is deposited in a metallic state upon the silver wire, and
the other wire is dissolved. If we invert the communications, so
as to cause the silver wire, thus covered, to communicate with
the vitreous conductor, the deposit of copper, formed upon its
surface, is redissolved, and the precipitation takes place upon the
other wire,

These beautiful experiments, and many others of the same
kind, due also to Dr Wollaston, prove that the resinous elec-
tricity tends to disengage oxygen from the combinations into
which it enters, and that the vitreous electricity, on the contrary,
favors these combinations. Of the truth of this important result
we shall hereafter have abundant proof.

E. § M. 14
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Of Atmospherical Electricity and Lightning Rods.

95. Since the discovery of the Leyden jar and electrical
batteries, the effects of the electricity accumulated in this way,
are found to be so similar to those of lightning, that the identity
soon began to be suspected. Yet Franklin was the first, who,
having observed the power of points to discharge electrified
bodies at a distance, thought of employing this method of ren-
dering atmospherical clectricity sensible, and of securing us
from its effects. But not having in America the means of
making these experiments, he engaged the philosophers of Eu-
rope to attempt them. The first who answered to this suggest-
ion was Dalibard, a French philosopher, who built a hut at
Marly-la-ville, upon which was erected a bar of iron forty feet
in length, insulated at its lower extremity. A stormy cloud
passing near the zenith of this bar, it gave sparks when the fin-
ger was presented to it, and exhibited all the effects of conduct-
ors electrified by our common machines., This memorable
experiment was performed for the first time on the 10th of May,
1752.

Contrivances of this sort were soon multiplied ; but they all
had a common defect, namely, the imperfect insulation of the
base, which was liable to become wet and thus suflered the
electricity to be dissipated. Canton remedied this imperfection
by placing at the lower extremity of the metallic bar, a metal
cap which covered the nonconducting support and protected it
from the rain. By means of this improved apparatus, he found
that certain clouds are charged with vitreous electricity, others
with resinous; so that the electricity of the apparatus often
changed five or six times in half an hour. = Rain and snow in
falling electrified it also, and this took place in winter as well as
in summer. That he might not be obliged to visit it continually
and often without success, Canton fitted to it a small and ex-
tremely ingenious apparatus. It is composed of three little bells
P, T,,T,, suspended from the same metallic horizontal rod AB ;
the middle one 7' by a thread of silk, and the two others by a
metallic chain. Moreover, the hell T° communicates with the
ground by another chain attached to its under surface. De-
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tween these bells two metallic balls b, ¥/, are suspended by silk
threads. Now it is evident that if the rod AEB is made to com-
municate with the vertical conductor which receives the elec-
tricity of the atmosphere, this electricity will first be transmitted
to the two extreme bells T",, T',, by means of the metallic chains
to which they are suspended. Then the little balls b, &, will be
attracted toward the bells and will touch them; but they will
be immediately repelled, and on the other hand, they will be at-
tracted by the bell T"which communicates with the ground; they
will touch this bell, be discharged, and return to receive a new
charge from the extreme bells. These continued oscillations of
the little balls will produce a ringing of the bells, and we shall
thus be apprised of the presence of electricity. This apparatus
is called the elsctrical chime.

96. But Franklin had been pursuing in America, the train of
thought which first suggested itself to him,and in which he felt a
strong interest. In the want of high buildings, it occured to him
that the electricity might be made to descend from the clouds to
the earth along the cord of a boy’s kite ; and since the beautiful
experiments of Newton upon the colors exhibited by soap bub-
bles, this was the second time that the sports of children became
the instruments of the most important discoveries. But Franklin
did not foresee the extreme danger to which he was exposing
himself. His kite was raised, and he held the cord in his hand ;
but it gave no sign of electricity although it was near a cloud
which appeared to be charged with lightning. Franklin began
to fear that he was wrong in his conjectures, when, a small show-
er having moistened the cord and increased its conducting pow-
er, he drew sparks from it; and ke himself describes the joy
with which he perceived the phenomenon he had thus anticipated.
Nevertheless, if the cord had been thoroughly wet, or if it had
been a better conductor, it is highly probable that this celebrated
man would have paid for his temerity with his life; and we
should have been deprived of all he afterward achieved for
science, philosophy, and liberty. In France, M. de Romas
performed the same experiment in a much more perfect manner,
having either conceived it himself, or having been led to it by
the attempt of Franklin. He twisted a very fine iron wire with
the cord of the kite, and that the observer might not be exposed
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to sudden discharges, the lower extremity of the cord was termi-
nated by a silk string eight or ten feet in lengih, by which the
kite and wire were insulated. Moreover, instead of taking
sparks with the finger, when the observer himself receives the
discharge, Romas obtained them by means of a metallic con-
cductor communicating with the ground, and held in the hand’
by a non-conducting tube; this was in fact the exciter al-
ready described. Having thus given to his apparatus all the
perfection which skill and ‘prudence suggested, Romas did not
hesitate to send it into the most highly charged clouds; and in

. one of his experiments, during a storm which was not remarka-

ble either for the quantity of lightning or of rain, he saw shoot
from it for some hours jets of fire more than ten feet in length.
“ Imagine to yourself,” says he to Nollet, “sheets of fire nine or
ten feet in length and an inch in thickness, accompanied with an
explosion louder than the report of a pistol. In less than an hour
I obtained certainly thirty of this size, besides a great number
of smaller dimensions. But what gave me the most pleasure was,
that the large sheets were spontaneous, and that in spite of the
great quantity of fire that composed them, they fell constantly upon
the nearest conducting body. This constancy gave me so much
confidence that I did not fear to discharge the fire with my ex-
citer, even when the storm was the most violent ; and although
the glass branches of the instrument were only two feet in length,
I conducted at pleasure, without feeling the smallest shock in my
hand, sheets of fire, six or seven feet in length.” This descrip-
tion is alone suflicient to show that such experiments are not to
be tried without extreme care. There is one precaution which I
cannot omit giving, because it is of the greatest importance, and
hecause it applies equally to insulated metallic rods, elevated
after the manner of Canton ; this is, to place near the lower ex-
tremity of the bar or of the cord of the electric kite, a large iron
bar inserted to a considerable depth in the earth or communicat-
ing with a body of water. When the current of electricity be-
comes strong enough to be dangerous, the explosions will take
place upon the projecting extremity of the bar rather than upon
any other object more distant or even equally removed ; and by
taking this precaution, we may enjoy the spectacle without dan-
ger.
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It being once established that the lightning is an electric ex-
plosion, we cannot doubt that the electricity of a thunder cloud,
like that of our machines, may be considerably weakened by
the action of points. This inference did not escape the notice
of Franklin ; for among the distinguished features of his genius,
was a readiness to seize upon any useful application of new facts,
no less remarkable than his aptitude to discover them. When
he had no lenger any doubt respecting the nature of lightning,
it immediately occured to him to neutralize it by the power
which he had discovered in metallic points, and thus he was
led to the invention of the lishtning rod.

97. This name is given to those metallic rods, which are
raised upon the tops of buildings, the masts of ships, &c.
One of the extremities, which is pointed, projects into the
atmosphere, while the other communicates with the ground.
The effect of this apparatus is to receive or neutralize the
electricity of the clouds, and to conduct it without an ex-
plesion into the earth. For about fifty years, during which
they have been in use, their utility has been proved in a great
number of instances; indeed their effect is evident from
theory. When an electric cloud passes so near as to make its
influence sensible, it decomposes the natural electricities of the
rod, repels that of the same kind into the ground, and attracts
that of the opposite kind to the upper extremity, where it ac-
quires an intensity depending upon the action of the cloud.
Hence it results that the particles of moist air situated between
the cloud and the lightning rod, must be attracted toward the
point with great rapidity, lose there the electricity which they
had received from the cloud, and be violently repelled charged
with the contrary electricity. Then flying toward the cloud,
they neutralize the electricity of such of its particles as they
meet with in their passage, until by this alternate motion, the
cloud is completely discharged. There is hence reason for be-
lieving that this discharge will take place without explosion, and
that all conducting bodies below the lightning rod and at a small
distance from it will be thus preserved. If, however, in an ex-
traordinary case, this rapid discharge of the electricity should
not be sufficient, and an explosion take place, it will infallibly
strike upon the point, because there the reciprocal attraction of the
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lwo opposite electricities is incomparably the most powerful, and
in this the theory is fully confirmed by the fact. Soon after the
invention came into use, the point of a lightning rod was present-
ed to the Academy of Sciences at Paris, which had received so
powerful a discharge that it had been melted, as fine wire is melt-
ed by our batterics.  Yet this terrible explosion, which would
naturally have been attended with the most destructive effects
to the house upon which it fell, did not cause the slightest injury,
and was perceived only by the loud thunder which accompan-
ied it

We are able by a very simple experiment to show the effect
of lightning rods upon a charged cloud. We suspend from the con-
ductor of an electrical machine a linen thread, to the lower end
of which is attached a lock of carded cotton which very well
represents a cloud. The whole is electrified, and we present to
the cotton, not a point, but a spherical body communicating
with the ground; the cotton is immediately attracted, and a
spark is produced bztween the two bodies. But if, instead of a
sphere, we present to the cotton a point communicating with the
ground, held at a great distance, it discharges itself insensibly
after which it returns toward the conductor to be recharged, and
redescends toward the point to discharge itself anew. We can
suspend in this way several locks of cotton by threads of diffe-
rent lengths, and they will be seen to fold successively upon
each other. It is thus, probably, that the lower portions of a
cloud, which have been discharged by alightning rod, fold upon
the upper parts which are still electrified.

98. The effect and the utility of lightning rods being no
longer doubtful, it is important to know the best method of con-
structing them. T'wo conditions seem to be fndispensably ne-
cessary ; the first is, that the communication should be perfect
with the ground and between the different metallic bars of which
the apparatus is composed ; the other is, that the conducting
rods should be of such a magnitude that in the most violent ex-
plosions, the electricity transmitted shall not acquire a repulsive
force sufficient to make it fly off. It appears from all the instan-
ces hitherto observed, that rods of an inch square, or an assem-
blage of large iron wires of equivalent dimensions, are perfectly
sufficient for this purpoze.
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If these conditions are strictly observed, theory as well as
experiment tends to show that there is no danger from being in
the vicinity of a lightning rod or even from being in contact with
it, the electric charge always choosing the best conductors, and
consequently following the metallic rods rather than any neigh-
bouring body of less conducting power. Thus, when an iron wire
is made to pass through a package of gunpowder, we may safely
transmit, by means of this wire, any electric discharge which
is not sufficient to melt it, or to heat it to such a degree as to in-
flame the powder. Also, leta bird stand on one of the conductors
of the machine, during the discharge of a battery, it will not be
affected, although the course of the electricity comes in contact
with it. Finally, by surrounding the body with a metallic wire,
the extremities of which are held in the hand, we may safely
discharge the largest batteries through this wire, if, like the bird,
we are insulated on the line of communication.

In these experiments we sometimes feel a slight, instantane-
ous shock, but incomparably weaker than that produced by the
discharge of the battery. The cause of this shock is, that the
electricity accumulated in the battery is not transmitted with
perfect freedom, and is not discharged in a single indivisible in-
stant, however good the conductor which is presented to it. In
this case, it acts by influence upon the natural electricities of the
bodies in contact with this conductor, and produces in them a
separation which continues for an instant. The equilibrivm is
immediately restored, but the sudden alternation of these two
states produces a slight disturbance in the bodily organs. From
this it will be seen that the effect will be the more feehle accord-
ing as the communication between the two surfaces of the battery
is effected with larger and more perfect conductors.

To show the truth of these remarks, we insulate a cylindrical F

conductor AB, and place it in contact with the exterior surface of
a battery which communicates with the ground. Near one of the
extremities of this conductor, we place another conductor 4/ F’,
also insulated, but separated from the first by a small space. At
the moment of the discharge, a spark will be seen to escape
from the first conductor to the second, and an electroscope, pla-
ced upon the latter, will suddenly rise and fall. If we terminate
this second conductor by the apparatus represented in figure 41,

ig. 43,
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making its cap communicate with A’F’, and its rod with the
earth, the lateral discharge will inflame the gaseous mixture
contained in it.

The only danger to be apprehended from lightning rods,
arises, therefore, from this lateral discharge, which may be
diminished at pleasure by increasing the dimensions and the
conducting power of the rod. Both theory and experience
teach us that this shock is incomparably less than that of the
direct discharge; and if it even becomes sensible, what would
the discharge itself have been, if there had been no metallic
conductor to convey it to the ground?

99. It has sometimes happened in a thunder storm, that men
and brute animals have fallen dead at the instant of an explosion,
although they were far distant from the place of the discharge.
This phenomenon admits of an easy explanation. Imagine a
cloud highly electrified, and of which the two extremities incline
toward the earth; they will repel from the ground the electric-
ity of the same kind with that belonging to the cloud, and will
attract that of the contrary kind. If from any cause a discharge
should suddenly take place at one of these extremities, the equi-
librium will be immediately reestablished at the point of the
earth under the other extremity; and this restoration of the
equilibrium, if the discharge is very powerful, may be sufficient
to occasion the death of animals exposed to it. This phenome-
non is called the electrical returning stroke. Iis effect may be
illustrated by the following experiment.

Suspend a living frog by a silk cord, at some distance from the
conductor of an electrical machine, as represented in figure 44 ;
let there be attached to one of its legs a very light, flexible wire,
communicating with the ground ; then put the machine in motion,
and as the electricily is developed, from time to time, draw
sparks from the prime conductor, by presenting to it a metal rod
terminated by a hemisphere. At each explosion, the frog will
be seen to quiver, although he is not in the arc of communica-
tion ; the natural electricities, decomposed by the influence of
the electrified conductor, suddenly unite each time that this in-
fluence is destroyed, and excite a commotion in the organs of
the animal.

1 See subjoined note on the best form of lightning rods.
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These effects take place even after death; to observe them in
all their activity, the frog should be killed suddenly ; it is then to
be skinned and prepared, as represented in figure 45, The irritabil-
ity is such that the muscular contractions are produced by the
influence of a powerful machine, even at the distance of thirty or
forty feet. This phenomenen, so simple in itself, shows that the
muscular organs of frogs are electroscopes of an extreme sensi-
bility. It will be seen in one of the following sections, that this
sensibility has been the occasion of one of the finest discoveries
ever made in natural philesophy.

100. We have thus far studied atmospherical electricity only
in the violent and transient state in which it appears in thunder
storms ; but by increasing the delicacy of the instrument em-
ployed to make it sensible, we may hope to discover it when it
would he inappreciable by ruder instruments.  For this purpese
we arm the straw or gold leaf electroscope with a pointed me-
tallic red, whose loewer extremity is screwed to the end of the
stem which communicates with the straws. This rod is com-
monly about forty inches in length, and is composed of several
pieces sliding upon each other, that their length may be varied
at pleasure. By the aid of this instrument we discover that the
atmosphere when pure is in a constant state of vitreous clec-
tricity ; but clouds or vapour in the smallest quantity affect
this state. For a stronger reason, it changes when the atmos-
phere is more violently disturbed, as in the case of strong
winds, rain, snow, haii, and tempests.

The electroscope of Coulomb, so convenient and delicate in
all other experiments, is equally well adapted to the purpose of
observing these phenomena. To this end we have only to put
its fixed stem in communication with an insulated metallic rod,
like that attached to the straw electroscope, and the smallest va-
riations that take place in the atmosphere, will become sensible by
their influence upon the moveable disc, especially if we begin by
charging it with a small quantity of a known electricity. Coulomb
even dispensed with the rod or permanent conductor, and fixed a
small metallic sphere at the end of a stick of sealing wax, which
served to insulate it, and he attached this stick to a wooden pole
five or six feet in length. Then, when he wished to try the elec-
tric state of the atmosphere, he held the pole up in the air,

E. & M. 15
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touching for a moment the small sphere with a metal rod or a
simple wire held in the hand. Afterward, withdrawing the rod
or wire, he presented the sphere, which, on account of its being
insulated, preserved the electricity it had acquired, to the move-
able circle of the electroscope, upon which it immediately acted.
This experiment always succeeded when the electroscope was
in an open place, where the air had free access to it, and where
the electric state of its strata situated near the ground is not
affected by the vicinity of conducting bodies, as trees and the
walls of buildings. ]

101. The intensity of this constant electricity increases as
we ascend into the atmosphere; and thus, in order to render it
more sensible, Saussure proposed to throw into the air a heavy
ball attached to a very fine wire, the lower end of which, being
twisted about the stem of the electroscope, adheres to it slightly
by its own spring. When the wireis extended by the motion of
the ball, it gives to the electroscope the same kind of electricity
with the stratum of air to which the ball has risen. But by con-
tinuing to move after the wire is entirely taken up, it detaches
itself from the stem of the electroscope, which thus remains in-
sulated and charged with the electricity it had acquired.

102. When M. Gay-Lussac and myself ascended in a bal-
lon for the purpose of making experiments, to be described here-
after, when we come to treat of the magnetism of the earth; we
also collected the electricity of the atmosphere by methods similar
to that of Saussure. A wire 150 feet in leng