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PREFACE.

TaEk favourable manner in which the former editions of the
Author’s ¢ Lectures on Electricity” have been received by the
public (the third Edition having long been out of print); and
the repeated demands on the publishers for copies, which they
have been unable to supply, have induced him to bestow some
care and labour on the preparation of the work, the first part of
which is now presented to the public. The sciences of Elec-
tricity and Magnetism have, of late years, progressed with such
gigantic strides, and the discovery of Diamagnetism has opened
a new field of research, from which already, such abundant har-
vests have been gathered, that it was no longer possible to com-
press within the limits of a single volume, (without expanding it
to an inconvenient size) such an account of the present state of
Electrical and Magnetic science as the Author proposed to him-
self to convey. In the present volume the subjects discussed
are Electricity, Frictional, and Voltaic ; Thermo-Electricity, and
Electro-physiology. In the Second Part, which is in active pre-
paration, and which will, it is hoped, be ready in the early part
of the ensuing year, it is proposed to attempt a popular ac-
count of Magnetism, Diamagnetism, and Electro-dynamics, in-
cluding a description of the principal Electric Telegraphs.

In the course of the entire work the Author has received
much valuable assistance: he wishes particularly to acknow-
ledge the obligations he is under to Mr. Faraday, and to Sir
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William Snow Harris; the former has, with his well-known
courtesy, been ever ready with his kind explanations, and the
latter was good enough to give him an opportunity of witness-
ing those beautiful experimental demonstrations of the laws of
electrical attraction, repulsion, and accumulation, which are
described in chapters ii. and v.—and which, having seen and
assisted in, he is able to record with the greater satisfaction
and confidence. From his late lamented and esteemed friend,
Andrew Crosse Esq., the Author has, from time to time,
received much valuable information; nor must he omit to
return his thanks to Professor Tyndall, for his kind promptness
in placing in his hands his recent beautiful and elaborate
memoirs.

The Author wishes in conclusion to observe, that notwith-
standing the care and attention he has bestowed on his work,
no one can be more sensible than himself to its numerous im-
perfections ; he hopes, however, that it contains no substantial
mistakes, and that its errors, whatever they may be, are those
rather of omission than of commission.

Medical School of St. George’s Hospital, October, 1855.
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ELECTRICITY, GALVANISM, &

STATICAL OR FRICTIONAL ELECTRICITY.
CHAPTER I

Historical Sketch—Observations of the ancient philosophers—Researches of Gilbert,
Boyle, Otto Guericke, Newton, Hawksbee, Wall, Gray, Wheeler, Dufaye, Boze,
Winkler, Muschenbroek, Cuneus, Kleist, Watson, Bevis, Wilson, Franklin, Dalibard,
Canton, Beccaria, (Epinus, Wilke, Lymner, Cavendish, Coulomb, La Place, Biot,
Poisson, Lavoisier, Volta, Saussure.

(1) TrxEzE is perhaps no branch of Experimental Philosophy which is so
popular with all classes and ages as Electricity. Thereasons are obvious.

It is a science, the general laws of which are susceptible of pleasing
demonstration, and its phenomena, from the-striking and ocular manner
in which they are presented, are calculated to arrest the attention and
become fixed on the mind more powerfully than those of any other
science. To this may be added its connexion with the most sublime and
awful of the agencies of nature ; its secret and hidden influence in pro-
moting at one time the decomposition of bodies, and at another time
their re-formation: at one time, in its current form, causing the elements
of water to separate, and exhibiting them in the form of gases; and at
another time, in its condensed form, causing these same gases to re-unite
and become again identified with water: now, in its ecurrent form, exhi-
biting the most wonderful and sometimes terrible effects on the muscles
and limbs of dead animals ; and now, in its condensed form, moving with
a velocity that is beyond conception through the living body, and
communieating a shock through fifty or a thousand persons at the same
instant : now exhibiting its mighty powers in the fearful thunder-storm ;
and now, controlled by the ingenuity of man, made the medium for the
interchange of thought, and acting as his truthful messenger over land
and sea through distances as yet unbounded. 'With such varied subjects
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2 STATICAL OR FRICTIONAL ELECTRICITY.

for contemplation and admiration, it is no wonder if Electricity should
be a favourite and a fascinating study.

(2) Common, or Statical Electricity, withwhich we shall first be engaged
although occupying so prominent a place in modern science, cannot be
said to date its entrance into physiecs before the beginning of the
eighteenth century. Thales of Miletus, who lived 600 years before the
Christian era, is said to have been the first to describe the property
possessed by amber to attract and repel light substances when rubbed.
In the writings of Theophrastus (8.c. 821), and of Pliny (a.p. 70), the
same observations are recorded, and they also speak of the lapis lyncurius,
supposed to be the same with the modern tourmaline, as possessing similar
properties. The power possessed by the torpedo of paralyzing the
muscles, and the nuse which the fish makes of its power for securing its
prey, are mentioned by Pliny, and Aristotle, Galen, and Oppian ; and the
occasional emission of sparks from the human body, when submitted to
friction, is alluded to by FEustathius (a.p.415) in his Commentary on
the Iliad of Homer.

No attempt to explain any of these phenomena was made by the
writers who narrated them.

(8) In the year 1600, Dr. Gilbert, of Colchester, in a work on Mag-
netism, mentioned several new facts attributable to electrical agency,
and enumerated a variety of substances which enjoyed equally with amber
the property of attracting not only light substances, such as feathers and
straws, but even stonesand metals. Dr. Gilbert also investigated the
conditions under which this property was acquired ; he found*that when
the wind blew from the north and east, and was dry, the body was excited
in about ten minutes after friction commenced, but that when it was in
the south, and the air moist, it was difficult and sometimes impossible to
excite it at all.

(4) Boyle, and his contemporary, Otto Guericke, oceupied themselves
with similar experiments. The latter constructed an electrical machine
of a globe of sulphur, and with it discovered electric light, and the fact
that a light body when once attracted by an excited electric, was repelled
by it, and was incapable of a second attraction until it had been touched
by some other body. Newton substituted a globe of glass for one of
sulphur, using as a rubber the palm of his hand; he also was the first
to show that Electricity may be excited on the side of a dise of glass
opposite to the side which was rubbed. Hawksbee also used a glass
globe, and made several observations on the light emitted by various
bodies by submitting them to friction, without however being at all aware
that it was occasioned by Electricity. Dr. Wall compared the light and
crackling which attended the friction of amber to lightning and thunder.

(5) The true foundation of Electricity as a science was laid by
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Stephen Gray (A.p. 1720—1736). This indefatigable experimentalist
first showed that Electricity could be excited by the friction of feathers,
hair, silk, linen, woollen, paper, leather, wood, parchment, and gold-
beaters’ skin ; he next discovered the communication.of Electricity from
excited bodies to bodies incapable of excitation at distances of several
hundred feet, and the conducting power of fluids and of the human body;
he demonstrated that electric attraction is not proportioned to the
mass of matter in a body but to the extent of its surface. In conjunction
with Wheeler he discovered the insulating power of silk, resin, hair, glass,
and some other substances. He discovered likewise the fact, though not
the principle, of induction, and was on the threshold of the discovery of
the two opposite Electricities, an honour reserved for his French
contemporary, Dufaye.

(6) This sagacious philosopher re-produced in. a more definite form
the principles of attraction and repulsion, previously announced by
.Otto Guericke. He showed that all bodies, whether solid or fluid, could
be electrified by an excited tube, provided they were insulated ; but his
great discovery was that of the two distinct kinds of Electricity, one of
which, from the eircumstance of its being developed by the friction
of glass, rock crystal, precious stones, &c., he called witreous; and the
other, from its development by the friction of amber, copal, gum-lac,
&c., he termed resinous. He showed that bodies having the same kind
of Electricity repel each other, but attraet bodies charged with Electricity
of the other kind; and he proposed that test of the Electricity of any
given substance which has ever since his time been adhered to, viz., to
charge the suspended light substance with a known species of Electricity,
and then to bring near it the body to be examined. If the suspended
substance was repelled, the Electricity of both. bodies was the same;
if attracted, it was different. It is probable, however, that the honour
of this capital discovery must be shared between Dufaye and White who
was associated with Giray. in many of his experiments.

(7) About this time two important additions were made to the electrical
machine used by Newton and Hawksbee, viz., that of a prime conductor,
consisting of an iron tube suspended by silken strings, introduced by
Boze of Wittemberg, and that of a cushion as a substitute for the hand
for applying friction suggested by Winkler, of Leipsic. With these
improvements the spark from the machine was made to inflame spirits,
oil, phosphorus, and several other inflammable substances.

(8) It was in the years 1745 and 1746, that those celebrated experi-
ments, which drew for many succeeding years the almost exclusive
attention of men of science to the new subject, and which led the way
to the introduction of the Leyden phial,—were made by Kleist, Mus-
chenbroek, and Cuneus. Professor Muschenbroek and his associates,
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having observed that electrified bodies exposed to the atmosphere speedily
lost their elegtric virtue, conceived the idea of surrounding them with an
insulating substance, by which they thought that their electric power
might be preserved for a longer time. "Water contained in a glass bottle
was accordingly electrified, but no remarkable results were obtained,
till one of the party who was holding the bottle attempted to disengage
the wire communicating with the prime conductor of a powerful machine;
the consequence was, that he received a shock, which, though slight com-
pared with such as are now frequently taken for amusement from the
Leyden phial, his fright magnified and exaggerated in an amusing
manner. Von Kleist appears to have been the real discoverer of the
Leyden phial, though his account of his experiments was so obscurely
worded that none of the electricians who repeated them were for some
time able to verify his results. The following is an extract from his letter
1o Dr, Lieberkuhn, of Berlin, dated November 4, 1745, and communicated
by him to the Berlin Academy: “When a nail, or a piece of brass wire, is
put into a small apothecary’s phial and eleetrified, remarkable effects
follow ; but the phial must be very dry or warm ; I commonly rub it over
beforehand with a finger, on which I put some pounded chalk. If a
little mereury, or a few drops of spirits of wine, be put into it, the experi-
ment succeeds the better. As soon as this phial and nail are removed
from the electrifyirg glass, or the prime conductor to which it hath been
sexposed is taken away, it throws out a pencil of flame so long that, with
this burning machine in my hand, I have taken about sixty steps in
walking about my room ; when it is electrified strongly, I can take it into
another room, and then fire spirits of wine with it. If while it is elec-
trifying I put my finger or a piece of gold which I hold in my hand to
the mail, T receive a shock which stuns my arms and shoulders.” In
describing the effect produced on himself by taking the shock from a thin
glass bowl, Muschenbroek stated, in a letter to Réaumur, that “he felt
himself struck in his arins, shoulders, and breast, so that he lost his breath,
and was two days before he recovered from the effects of the blow and
the terror,” adding, “ he would not take a second shock for the kingdom
.of France.”” Boze, on the other hand, seems to have coveted electrical
martyrdom, for he is said to have expressed a wish to die by the electric
shock, that the acecount of bis death might furnish an article for the
Memoirs of the French Academy of Sciences. Mr. Allamand, on taking
a shock, declared “ that he lost the use of his breath for some minutes,
and then felt so intense a pain along his right arm, that he feared per-
manent injury from i6.” 'Winkler stated that the first time he underwent
the experiment, “he suffered great convulsions through his body ; that
it put his blood into agitation ; that he feared an ardent fever, and was
obliged to have recourse to cooling medicines!’’ The lady of this pro-
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fessor took the shock twice, and was rendered so weak by it that she
could bardly walk. The third time it gave her bleeding at the nose..
Such was the alarm with which these early electricians were struck, by
a sénsation which thousands have since experienced in a much more
powerful manner without the slightest inconvenience. It serves to show
how cautious we should be in receiving the first accounts of extraordinary
discoveries, where the imagination is likely to be affécted.

(9) After the first feelings of astonishment were somewhat abated, the
circumstances which influenced the force of the shock were examined.
Muschenbroek observed that the siuccess of the experiment was impaired
if the glass was wet on the outer surface. Dr. Watson showed that the
shock might be transmitted through the bodies of several men touching
each other, and that the force of the charge depended on the extent of
the external surface of the glass in contact with the hand of the operator.
Dr. Bevis proved that tin-foil might be substituted successfully for the
hand outside and for the water inside the jar; he coated panes of glass
in this way, and found that they would receive and retain a charge ; and
lastly, Dr. Watson coated large jars inside and outside with tin-foil, and
thus constructed what is now known as the Leyden phial.

(10) Inrepeating the experiments with the Leyden phial, Mr. Wilson,
of Dublin, discovered the laferal shock, having observed that a person
standing near the circuit through which the shock is transmitted would
sustain a shock, if he were only in contact with or even placed very near
any part of the circuit. Many experiments were also made to determine
the distance through which the electric shock could be transmitted.
Dr. Watson took a prominent part in these investigations. In July,
1747, he conveyed the electric shock across the River Thames, at West-
minster Bridge, and a few days after he caused it. to make a ecireuit of
two miles at the New River, at Stoke Newington ;- a circuit of four miles,
two of wire and two of dry ground, was accomplished in August ; and in
the same month he satisfied himself and his friends that “the velocity
of the electric matter, in passing through a wire 12,276 feet in length,
was instantaneous.”

Dr. Watson also distinguished himself by some beautiful experiments
on electric light. He was the first to demonstrate the passage of Elec-
tricity through a vacuum. He caused the spark from his conductor to-
pass in the form of coruscations of a bright silver hue through an
exhausted tube three feet in length, and he discharged a jar through a
vacuum interval of ten inches in the form of a ““mass of very bright embo--
died fire.” These experiments were repeated and varied by Smeaton,
Canton, and Wilson. ‘

(11) Tt was in the year 1747 that,in consequence of a communication
from Mr. Peter Collinson, a Fellow of the Royal Society of London, to
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the Literary Society of Philadelphia, Franklin first directed his attention
to Electricity ; and from that period till 1754 his experiments and observ-
ations were embodied in a series of letters, which were afterwards
collected and published. “ Nothing,” says Priestley, ¢ was ever written
upon the subject of Electricity, which was more generally read and
admired in all parts of Europe, than these letters. It is not easy to say
whether we are most pleased with the simplicity and perspicuity with
which they are written, the modesty with which the author proposes
every hypothesis of his own, or the noble frankness with which he relates
Lis mistakes when they were corrected by subsequent experiments.”
The opinion adopted by Franklin with respect to the nature of Elec-
tricity differed from that previously submitted by Dufaye. His hypo-
thesis was as follows:—All bodies in their natural state are charged with
a certain quantity of Electricity, in each body this quantity being of
definite amount. This quantity of Electricity is maintained in equili-
brium upon the body by an attraction which the particles of the body have
for it, and does not therefore exert any attraction for other bodies. But
a body may be invested with more or less Electricity than satisfies its
attraction. If it possess more, it is ready to give up the surplus to
any body which has less, or to share it with any body in its natural
state; if it have less, it is ready to take from any body in its natural
state a part of its Electricity, so that each will have less than its
natural amount. A body having more than its natural quantity is elee-
trified positively or plus, and one which has less is electrified negatively or
minus. One electric fluid only is thus supposed to exist, and all elec-
trical phenomena are referable either to its accumulation in bodies in
quantities more than their natural share, or to its being withdrawn from
them, so as to leave them minus their proper portion. Electrical excess
then represents the vitreous, and electrical deficiency the resinous
Electricities of Dufaye : and hence the terms positive and negative, for
vitreous and resinous.

(12) Iu applying this theory to the case of a charged Leyden jar, the
inner coating of tin-foil is supposed to have received more than its natural
quantity of Eleetricity, and is therefore electrified positively or plus,
while the outer coating, having had its ordinary quantity of Electricity
diminished, is electrified negatively or minus. "When the jar is discharged,
the superabundant or plus Electricity of the inside is transferred by the
conducting body to the defective or minus Electricity of the outside ;
Franklin demonstrated by various experiments that the inside and
outside coatings are really charged with opposite Electricity, and that
during the process of charging exactly as much Electricity is added on
one side as is subtracted from the other, and he was thus enabled to offer
a satisfactory explanation of what had been previously observed by other
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electricians, viz.:—that a jar could not be charged if its external coating
were insulated ; but though a single jar could not be charged unless its
outer coating were in communication with the earth, Franklin showed
that a series of jars may be all charged at once by “suspending them on
the prime conductor, one hanging on the tail of the other, and a wire
from the last to the floor.” With the jars thus charged he constructed
a battery by separating them, and then putting their insides and outsides
in metallic communication.

(13) Another capital discovery of Franklin’s related to the place where
the Electricity resides in the charged Leyden phial. Having charged a
jar he removed the wire by which the Electricity was conveyed from the
machine, and poured out the water which served as the inner coating,
he found both to be free from Electricity; nevertheless, on pouring fresh
water into the jar, he obtained a shock on grasping the outside of the
jar in one hand and touching the water with the other. He next laid
two metallic plates on a pane of glass and charged it from the machine ;
on removing the plates he could detect no Blectricity in them, but on
presenting his finger to the surface of the glass that had been covered
with the metal he observed small sparks; he then replaced the metallic
plates, and on touching each at the same time he received a shock.
From these experiments he drew the conclusion, that it was upon the
glass that the Electricity was deposited, and that the conducting coatings
“served only like the armature of the loadstone to unite the forces of the
several parts, and bring them at once to any point desired.”

(14) But the discovery which immortalized the American philosopher,
is that in which he connected Electricity with that terrific agent that has
so often convulsed the physical world, and which led him to a means of dis-
arming the fury of the lightning flash, and of converting it into a useful
element. The similarity between lightning and the electric spark had been
suggested by Hawksbee, Wall, and particularly by the Abbé Nollet, who,
in the fourthvolume of his Legons de Physique, published towards the close
of the year 1748, thus expresses himself; ¢ If any one should undertake
to prove as a clear consequence of the phenomenon, that thunder is in the
hands of nature what Electricity is in ours,—that those wonders which
we dispose at our pleasure are only imitations on a small scale of those
grand effects which terrify us, and that both depend on the same me-
chanical agents,—if it were made manifest that a cloud prepared by the
effects of the wind, by heat, by a mixture of exhalations, &c., is in relation
to a terrestrial object what an electrified body is in relation to a body near
it not eleetrified, I confess that this idea well supported would please
me much; and to support it how numerous and specious are.the reasons
which present themselves to a mind conversant with Electricity. The
universality of the electric matter, the readiness of its actions, its instru-
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mentality and its activity in giving fire to other bodies, its property of
striking bodies externally and internally, even to their smallest parts (the
remarkable example we have of this effect even in the Leyden jar experi-
ment, the idea which we might truly adopt in supposing a greater degree
of electric power), all these points of analogy which I have been for some
time meditating, begin to make me believe that one might, by taking
Electricity for the model, form to one’s self in regard to thunder and light-
ning more perfect and more probable ideas than hitherto proposed.”

(15) There does mot appear to be any published suggestion of
Franklin’s relative to the identity of lightning and Electricity bearing
so early a date as the volume of Nollet’s from which the above extract
is taken. His letter to Mr. Collinson, in which he gives his reasons-for
considering them to be the same physical agent, bears no date, but
appears to have been written in 1749 or 1750, as he refers to it in a
subsequent letter to the same gentleman in 1753, as his former paper,
written in 1747, and enlarged and sent to England in 1749. He says,
“ When a gun-barrel in electrical experiments has but little electrical
fire in it, you must approach it very near with your knuckle before you
can draw a spark. Give it more fire, and it will give a spark at a greater
distance. Two gun-barrels united, and as highly electrified, will give a
spark at a still greater distance. But if two gun-barrels electrified will
strike at two inches distance and make a loud snap, at what a great
distance may ten thousand acres of electrified cloud strike and give its
fire, and how loud must be that crack!” He next states the analogies
which afford presumptive evidence of the identity of lightning and
Electricity. The electrical spark is zig-zag and not straight; so is
lightning. Pointed bodies attract Electricity; lightning strikes
mountains, trees, spires, masts, chimneys. When different paths are
offered to the escape of Electricity, it chooses the best conductor; so
does lightning. Eleciricity fires combustibles; so does lightning.
Electricity fuses metals; lightning does the same. Lightning rends
bad conductors when it strikes them ; so does Electricity when rendered
sufficiently strong. Lightning reverses the poles of a magnet;
Electricity has the same effect. A stroke of lightning, when it does
not kill, often pr'oduces blindness ; Franklin rendered a pigeon blind by
a stroke of Electricity intended to kill it.  Lightning destroys animal
life ; the American philosopher killed a turkey and a hen by electrical
shocks.

(16) It was in the June of 1752, that Franklin made his memorable
experiment of raising a kite into a thunder-cloud, and of drawing from
it sparks with which Leyden jars were charged, and the usual electrical
experiments performed. A month earlier, it appears that a French
electrician, M. Dalibard, following the minute and circumstantial
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directions given by Franklin in his letters to Mr. Collinson, obtained
sparks from an apparatus prepared at Marly-la-Ville: and an attempt
has lately been made by M. Arago to claim for this philosopher, and
Nollet, the honour of having established the identity of lightning and
Electricity : it is clear, however, that the just right belongs to Franklin ;
for although this eminent electrician was a month later in his capital
experiment than Dalibard, it was nevertheless at his suggestion, and on
his principles, that the arrangements of the Frenchman were made; and
indeed, if the honour of the discovery is to be given to the individual
who first obtained sparks from an atmospheric apparatus, it belongs
neither to Dalibard nor to Franklin, but to an old retired soldier and
carpenter, named Coiffier, who was employed by Dalibard to assist him
in his experiments, and' who actually first drew a spark from the
apparatus when the curé was absent.

(17) The following is the account transmitted to us of Franklin’sbold
experiment :—“ He prepared his kite by making a small cross of two
light strips of cedar, the arms of sufficient length to extend to the four
corners of a large silk handkerchief stretched upon them; to the
extremities of the arms of the cross he tied the corners of the hand-
kerchief. This being properly supplied with a tail, loop, and string, could
be raised in the air like a common paper kite, and being made of silk
was more capable of bearing rain and wind. To the upright arm of the
cross was attached an iron point, the lower end of which was in contact
with the string by which the kite was raised, which was a hempen cord.
At the lower extremity of this cord, near the observer, a key was
fastened: and in order to intercept the Electricity in its descent and
prevent it from reaching the person who held the kite, a silk ribbon was
tied to the ring of the key, and continued to the hand by which the kite
was held.”

“ Furnished with this apparatus, on the approach of a storm, he went
out upon the commons near Philadelphia, accompanied by his son, to
whom alone he communicated his intentions, well knowing the ridicule
which would have attended the report of such an attempt, should it prove
to be unsuccessful. Having raised the kite, he placed himself under a
shed, that the ribbon by which it was held might be kept dry, as it would
become a conductor of Electricity when wetted by rain, and so fail to
afford that protection for which it was provided. A cloud, apparently
charged with thunder, soon passed directly over the kite. He observed
the hempen cord ; but no bristling of its fibres was apparent, such as
~was wont to take place when it was electrified. He presented his
knuckle to the key, but not the smallest spark was perceptible. The
agony of his expectation and suspense can be adequately felt by those
only who have entered into the spirit of such experimental researches.
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After the lapse of some time he saw that the fibres of the cord near the
key bristled, and stood on end. He presented his knuckle to the key
and received a strong bright spark. It was lightning. The discovery
was complete, and Franklin felt that he was immortal.”

A shower now fell, and wetting the cord of the kite, improved its
conducting power. Sparks in rapid succession were drawn from the key ;
a Leyden jar was charged by it, and a shock given ; and in fine, all the
experiments which were wont to be made by Electricity were re-produced,
identical in all their concomitant circumstances.

(18) Franklin afterwards raised an insulated metallic rod from one end
of his house, and attached to it a chime of bells, which, by ringing, gave
notice of the electrical state of the apparatus; and having succeeded in
drawing the electric fire from the clouds, he immediately concéived the
idea of protecting buildings from lightning by erecting on their highest
parts pointed iron wires, or conductors, communicating with the ground.
The Electricity of ahovering cloud could thus be carried off slowly and
silently ; and if the cloud were highly charged, the electric fire would
strike in preference the elevated conductors.

(19) These interesting experiments were eagerly repeated in almost
every civilized country, with variable success. In France a grand result
was obtained by M. de Romas: he constructed a kite seven feet high,
which he raised to the height of 550 feet by a string, having a fine wire
interwoven through its whole length. On the 26th of August, 1756,
flashes of fire, ten feet long and an inch in diameter, were given oft from
the conductor. In the year 1753, a fatal catastrophe from incautious
experiments upon atmospheric Electricity, occurred to Professor

"Richmann, of St. Petersburg; he had erected an apparatus in the air,
making a metallic communication between it and his study, where he
provided means for repeating Franklin’s experiments: while engaged in
describing to his engraver, Solokow, the nature of the apparatus, a
thunder-clap was heard, louder and more violent than any which had
been remembered at St. Petersburg. Richmann stooped towards the
Electrometer to observe the force of the Electricity, and “as he stood in
that posture, a great white and bluish fire appeared between the rod of
the Electrometer and his head. At the same time a sort of steam or
vapour arose, which entirely benumbed the engraver, and made him sink
on the ground.” Several parts of the apparatus were broken in pieces
and scattered about : the doors of the room were torn from their hinges,
and the house shaken in every part. The wife of the professor, alarmed
by the shock, ran to the room, and found her husband sitting on a chest,
which happened to be behind him when he was struck, and leaning
against the wall. He appeared to have been instantly struck dead ;
a red spot was found on his forehead, his shoe was burst open, and a part



HISTORICAL SKETOCH. 11

of his waistcoat singed ; Solokow was at the same time struck senseless.
This dreadful accident was occasioned by the neglect on the part of
Richmann to provide an arrangement by which the apparatus, when too
strongly electrified, might discharge itself into the earth, a precaution
that cannot be too strongly urged upon all who attempt experiments in
atmospheric Electricity.

(20) The labours of Canton and Beccaria in the field of electrical
science stand next in chronological order. The principal discovery of
the former was the fact that vitreous substances do not always afford
positive Electricity by friction, but that either kind of Electricity may be
developed at will in the same glass tube. This he illustrated by drawing
a rubber over a tube, one half of which was roughened and the other
half polished ; therough part was charged with negative, and the smooth
part with positive Electricity. He found also that a glass tube, the
surface of which had been made rough by grinding, possessed positive
Electricity when excited with oiled silk, but negative when excited with
new flannel. Canton also made the useful practical discovery that the
exciting power of a rubber may be greatly increased by covering its
surface with an amalgam of mercury and tin. This electrician was the
first also to demonstrate that air is capable of receiving Electricity by
communication. In a paper read at the Royal Society, December 6th,
1753, he announced that the common air of a room might be electrified
to a considerable degree, so as not to part with its Electricity for some
time. His Electrometer consisted of a pair of dry elder pith-balls
suspended by threads of the finest linen. These were contained in a
narrow box with a sliding cover, and so disposed that, by holding the box
by the extremity of the cover, the balls would hang freely from a pin in
the inside. He describes the following method of communicating
Electricitytoair. “Take a charged phial in one hand, and a lighted candle
insulated in the other ; and going into any room, bring the-wire of the
phial very near to the flame of the candle, and hold it there about half
a minute, then carry the phial and candle out of the room, and return
with the pith-balls suspended and held at arms’ length. The balls will
begin to separate on entering the room, and will stand an inch and a half
or two inches apart, when brought near the middle of it.”’—Priestley’s
History of Hlectricity, p. 196.

With Canton also originated those remarkable experiments on in-
duction, or as he expressed it, “relating to bodies immerged in electric
atmospheres,” which afterwards led Wilke and (Epinus to the method
of charging a plate of air like a plate of glass, and to make the most
perfect imitation of the phenomena of thunder and lightning.

(21) The electrical researches of Beccaria bear evidence to his extra-
ordinary acuteness and accuracy. He was the first philosopher who
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diligently investigated and described the phenomena of a thundersstorm.
His account of the circumstances attendant on this majestic spectacle will
be given in the proper place. He first showed that the polarity of a
needle was determined by the direction in which the electric current
passed through it, and that therefore magnetic polarity may be employed
to test the species of Electricity with which a thunder-cloud is charged.
By extending this analogy to the earth itself, he conjectured that
terrestrial magnetism was like that of the needle magnetized by Franklin
and Dalibard, the mere effects of permanent currents of natural
Electricity established and maintained upon its surface by various
physical causes. He alludes to the vast quantity of the electric fluid
circulating between different parts of the atmosphere, particularly in
storms. “Of such fluid,” he says, “I think that some portion is
constantly passing through all bodies situate on the earth, especially
those which are metallic and ferruginous; and I smagine that it must
be those currents which impress on fire-irons and other similar things
the power which they are known to acquire of directing themselves
according to the magnetic meridian when they are properly balanced.”
The grand discovery of Oersted is in this paragraph distinetly
foreshadowed.

(22) Beccaria’s Treatise on Atmospheric Electricity was published in
1753, at Turin, and his “ Lettere dell’ Ettricismo™ at Bologna, in 1758.
The latter contain the results of many important investigations. e
showed that water is a very imperfect conductor of Electricity ; that its
conducting power is proportional to its quantity, and that a small
quantity of water opposes a powerful resistance to the electric fluid.
By discharging shocks through wires placed very near to each other in
a tube full of water, he succeeded in making the spark visible in thag
fluid, and sometimes burst the tubes. He proved (in conjunction with
Canton) that a volume of air in a quiescent state might be charged with
Electricity ; that the Electricity of an electrified body is diminished
by that of the air, and that the air parts with its Electricity very slowly.
Becearia also decomposed sulphuret of mercury by the electric spark,
and reduced several metals from their oxides; and he seems to have been
the first to have noticed the bubbles of gas which rose from water when
the electric spark was transmitted through it, though he formed no
theory respecting the phenomenon.

(23) The property possessed by certain minerals of becoming electric
by heat appears to have been one of the first electrical phenomena
that engaged the attention of (Epinus, who, in 1736, published an
account of some experiments, in which he showed that for the develop-
ment of the attractive powers of the tourmaline, a temperature between
994° and 212° Fahrenheit, was requisite. A more important discovery,
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due to this German philosopher (in eonjunction with Wilke), was that
a plate of air could be charged in a similar manner to a plate of glass,
by suspending a board covered with tin-foil over another of equal size
in communication with the earth, and giving it a charge of positive
Electricity. This experiment was suggested by some remarkable ones
of Canton’s and Franklin’s, in which the grand prineiple of induction
was first clearly demonstrated, and the result led, in Volta’s hands, to
the discoveries of those useful instruments of electrical research, the
Electrophorus and the Condenser. Inthe year 1759, (Epinus published,
at St. Petersburg, a new theory of Electricity, founded on the follow-
ing prineiples :— ' ‘

1°. The particles of the electric fluid repel each other with a force
decreasing as the distance increases.

2°. The particles of the electric fluid affract the particles of all
bodies, and are attracted by them with a force obeying the same law.

8%, The electric fluid exists in the pores of bodies, and while it moves
without any obstruction in non-electrics, such as metals, water, &c.,
it moves with extreme difficulty in electrlcs such as glass, resin, &e.

4°, Flectrical phenomena are produced either by the transference
of the fluid from a body containing more, to another containing less of
it, or from its attraction and repulsion when no transference takes place.

(Epinus presented Franklin’s theory in a mathematical dress, and
showed that, to reconcile it with mathematical statement, it was necessary
to assume that between the matter composing the masses of different
bodies there exists a mutually repulsive force, acting at sensible
distances.

(24) A series of experiments, illustrative of the mutual attraction
of bodies dissimilarly electrified, was published by Mr. Robert Lymner,
in 1759. In pulling off his stockings in the evening he had remarked
oceasionally a crackling noise, accompanied by the emission. of sparks.
He noticed that this phenomenon did not occur with white silk stockings,
neither did it take place when #wo black or fwo white stockings were
put on the same leg; but when a black and a white stocking were put
on the one over the other, powerful signs of electrical excitement were
manifested on pulling them off, and eack showed the entire shape of the
leg, and ot a distonce of a foot and a half they rushed to meet each
other, and remained stuck together with such tenacity that a force of
several ounces weight was required to separate them. He was also
enabled to communicate a charge of positive or negative Electricity
to a Leyden jar, according as the wire was presented to the dlack or
white stocking.

In consequence of these experiments Lymner was induced to adopt
a modification of Dufaye’s theory, and to maintain that of two distinct
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fluids not independent of each other, as Dufaye supposed them to be,
but co-existent, and by counteracting each other producing all the
phenomena of Electricity. He assumed that every body contained in
its natural state equal quantities of these fluids; that when positively
electrified a body does not contain a larger share of electric matter,
but a larger portion of one of the active powers, and when negatively
electrified a larger portion of the other, and not, as Franklin’s theory
supposes, an actual deficiency of electric matter. Lymmner did not
make any extensive application of his theory, and it did not, therefore,
at the time it was proposed, excite much attention.

(25) The names of Cavendish and Coulomb occur at this period of
our history. The former distinguished physicist undertook a mathe-
matical investigation of electrical phenomena, and arrived at results
nearly similar to those ‘of (Epinus, with whose researches on the
subject he was quite unacquainted. Cavendish also made some valuable
experiments on the relative conducting powers of different substances.
He found that the electric fluid experiences as much resistance in
passing through a column of water one inch long as it does in passing
through an iron wire, of the same diameter, 400,000,000 inches long ;
that water, containing in solution omne part of salt, conducts 100
times better than fresh water; and that a saturated solution of sea-salt
conducts 720 times better than fresh water. He also determined that
the quantity of Electricity in coated glass of a certain area increased
with the thinness of the glass, and that in different coated plates the
quantity was as the area of the coated surface directly, and as the
thickness of the glass inversely. By means of the electric spark,
Cavendish succeeded in decomposing atmospheric air, and in the month
of December, 1787, aided by Gilpin, he demonstrated experimentally
to the Royal Society, the formation of nitric acid, by exploding a
mixture of seven measures of oxygen gas with three measures of
nitrogen. Whether the discovery of the composition of water by
transmitting an electric spark through a mixture of oxygen and
hydrogen gases can be justly claimed by Cavendish is a disputed
question.*

(26) The researches of Coulomb form an epoch in the history of
electrical science, laying as they did the foundations of Electro-statics.
By means of his balance of torsion he proved, lst, that, like gravity,
the electrical forces vary inversely as the square of the distance ; 2nd,
that excited bodies when insulated gradually lose their Electricity from
two causes, from the surrounding atmosphere being never free from

* See Lardner “ On the Steam Engine,” seventh edition, p. 303; see also Arago’s
“ Historical Eloge of James Watt,” translated by Muirhead, p. 95, et seg., and the
Historical Note by Lord Brougham, appended to the same.
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conducting particles, and from the incapacity of the best insulators
to retain the whole quantity of Electricity with which any body may
be charged, there being no’ substance known altogether impervious to
Electricity. Coulomb determined the effect of both of these causes.
Adopting the hypothesis of two fluids, this able philosopher investigated
experimentally and theoretically the distribution of Electricity on the
surface of bodies. He determined the law of its distribution between
two conducting bodies in contact, and measured its density. He
measured, also, the distribution of the fluid on the surface of a eylinder,
and satisfactorily illustrated the doctrine of points, which formed so
prominent a part of the researches of Franklin. Coulomb’s experi-
ments on the dissipation of Electricity were also important. He found
that the momentary dissipation was proportional to the degree of
Electricity at the time, and that when the Electricity was moderate
its dissipation was not altered in bodies of different kinds or shapes.
The temperature and pressure of the atmosphere did not produce any
sensible change, but the dissipation was nearly proportional to the
cube of the quantity of moisture in the air. He found that a thread
of gum-lac was the most perfect of all insulators, insulating fen times
better than a dry silk thread, and he found also that the dissipation
of Electricity along insulators was chiefly owing to adhering moisture,
but in some measure also to a slight conducting power.

(27) The phenomena of Electricity having, by the labours of Coulomb,
been brought within the pale of mixed mathematics, the investigation
was pursued by La Place, Biot, and Poisson. The former illustrious
mathematician investigated the distribution of Electricity on the surface
of ellipsoids of revolution, and he showed that the thickness of the
coating of the fluid at the pole was to its thickness at the equator as
the equatorial is to the polar diameter, or, what is the same thing, that
the repulsive force of the fluid, or its tension at the pole, is to that at
the equator as the polar is to the equatorial axis. This examination
was extended by Biot to spheroids differing little from a sphere,
whatever may be the irregularity of their figure. He likewise de-
termined, analytically, that the losses of Electricity form a geometrical
progression when the two surfaces of a jar or plate of coated glass are
discharged by successive contacts; and he found that the same law
regulates the discharge when a serics of jars or plates are placed in
communication with each other. It is, however, to Poisson that we
are chiefly indebted for having brought the phenomena of Electricity
under the dominion of analysis, and placed it on the same level as the
more exact sciences. He took as the basis of his investigations, the
theory of two fluids, proposed by Lymner and Dufaye, with such
modifications and additions as were suggested by the researches of
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Coulomb. He deduced theorems for determining the distribution of
the electric fluid on the surfaces of two conducting spheres, when they
are placed in contact or at any given distance, the truth of which had
been established, experimentally, by Coulumb, before the theorems
themselves had been investigated. On bodies of elongated forms, or
those which have edges, corners, or points, it is shown as a consequence
of the theory of two fluids, that the electric fluid accumulates in
greater depths about the edges, corners, or points, than in other places.
Its expansive force being, therefore, greater at such parts than else-
where, exceeds the atmospheric pressure and escapes, while at other
parts of the surface 1t is retained.

(28) The Electricity developed during the passage of bodies from
the solid or fluid to the gaseous state, was made the subject of a series
of experiments, towards the conclusion of the last century, by La
Place, Lavoisier, Volta, and Saussure. The bodies which were to be
evaporated or dissolved were placed upon an insulating stand, and
made to communicate, by a chain or wire, with a Volta’s condenser.
‘When sulphuric acid, diluted with three parts of water, was poured
upon iron filings, inflammable air was disengaged with brisk effer-
vescence, and at the end of a few minutes the condenser was so highly
charged as to yield a strong spark of negative Electricity. Similar
results were obtained when charcoal was burnt on a chafing dish, or
when fixed air or nitrous gas was generated from powdered chalk by
means of sulphuric and nitrous acids. These experiments pointed  to
natural evaporation as the cause of the disturbance of the general
electrical equilibrium of the globe, giving a surplus of positive Elec-
tricity to the air and leaving the earth surcharged with negative fluid.
The subject engaged particularly the attention of Volta, who was at
that time occupied in the investigation of the electric state of the
air. In the course of his experiments this distinguished philosopher
bad availed himself of the power of flame to attract Electricity, and
having found that when a taper was placed on the point of his con-
ductor, his Electrometer gave signs of a far larger quantity of Elec-
tricity than when it was away, he suggested that the force of storms
might be much mitigated by lighting enormous fires on elevated
situations, the air being thereby robbed of its Electricity. It does
not appear that Volta ever carried this design into effect, though it was
suggested by Arago that the conjecture might be tested in Staffordshire,
and other English counties which abound in iron furnaces.

(29) Having thus briefly sketched the prominent features in the
history of Statical Eleetricity up to the period of the commencement
of the present century, we proceed to a popular investigation of the
phenomena as they are at present understood.
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CHAPTER II.

Primary phenomena of frictional Electricity—Attraction and repulsion—Positive and
negative conditions—Conductors and non-conductors—ZElectroscopes and Electro-
meters—Pyro-Electricity of minerals—Laws of electrical attraction and repulsion.

(30) Primary phenomena—For illustrating the fundamental pheno-
mena of Electricity we can employ no materials either simpler or better
than those used by Stephen Gray in 1730.

1°. If a stout glass tube, about an inch in diameter and 18 or 20 inches

long, be made dry and warm, and then briskly rubbed for a few seconds
with a dry soft silk handkerchief, or better with a piece of oiled silk
the rough side of which has been smeared over with “ mosaic gold,” and
then held near a pith-ball suspended by a long silk thread, the ball will
be attracted, and after adhering to the glass for a short time, will be
repelled to a considerable distance, nor will it be again attracted until it
has touched some body in conducting communication with the earth, and
thus given up the’ Electricity which it had acquired from the tube; or
until, by remaining undisturbed for some time, it has lost it by dissi-
pation into the atmosphere.
- 20 1If a stick of common sealing-wax be rubbed with a piece of dry
flannel, or if & piece of gutta percha such as is used for the soles of shoes
be lightly rubbed on the sleeve of the coat, and if either be brought near
the pith-ball while under the influence of the Electricity from the glass, it
will atéract it powerfully, but soon repel it, when the excited glass will
again attract it, and the ball may thus be kept for some time vibrating
between the two substances. Fig. L

3. If two pith-balls be suspended by two silk
threads and excited either by the glass or by the resin, it
will be observed on removing the exciting material, that
the balls no longer fall into the vertical position, but
stand apart at a greater or less angle, apparently repel-
ling one another as shown in Fig. 1; the balls have thus
acquired properties relatively to each other, similar to '
those which the glass and single ball exhibited after s
contact in the preceding experiment. T —

4°. If the pith-balls be suspended by thin metallic wires, or threads, or
if the silk fillaments be moistened, it will be found impossible to excite

¢
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them permanently ; for the moment the glass, resin, or gutta percha is
removed, they return to their original condition.

In order to make these interesting phenomena visible at a considerable
distance, the pith-balls may be advantageously re-placed by skeleton
globes made by gumming together cross strips of common writing paper ;
these globes may be two or three inchesin diameter, and if the paper be
smoothly and evenly cut, they will retainan electrical charge for a long
time.

(31) From these simple experiments we learn several important elec-
trical facts :—

1°. That vitreous substances, such as glass, become electrical by being
rubbed with certain other substances.

2°. That in this state they attract light bodies.

8°. That having once attracted they afterwards repel them.

4°. That resinous substances, such as sealing-wax, and gutta vercha,
are also capable of receiving electrical excitation by being rubbed.

5°. That they also attract and then repel light bodies.

6°. That though excited glass and excited resin agree in their property
of attracting light matter, the property called forth by friction in each is
different, for one attracts what the other repels, and vice versd.

7°. That bodies charged with the same kind of Electricity exhibit a
disposition to repel each other.

8. That in order that they shall retain for any length of time the
Electricity communicated to them, they must be insulated from the carth.

9°. That silk is a substance which possesses this power of insulation.

10°. That metals and a film of water do not possess this power.

(32) But certain other phenomena attend the excitation of glass and
resin: e.g. if either be rubbed briskly in the dark while dry and warm, a
stream of light will be perceived, a slight crackling noise will be heard,
and if the hand or face be held near, a sensation similar to that felt on
touching a cobweb will be experienced.

(33) The difference which in the foregoing experiments we perceived
between bodies such as silk, glass, and gutta percha, and others, such as
cotton, thread, and metal, arises from the circumstance that the former
class of substances conducts Electricity very badly, while the latter offers
a ready passage to the same. On this account bodies have been divided
into two great groups—conductors and non-conductors ; an arrangement
useful and sufficiently correct for general purposes, though the recent
researches of Faraday and others have shown us, that as there are in
reality no substances which can strictly be called perfect conductors of
Electricity, so there are none which absolutely refuse a passage to this
agent. Conductors and non-conductors (so called) differ only in the
degree of their conducting and insulating power; and all known sub-
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stances may be regarded as links of the same chain, at one end of which
may be placed the best conductor and at the other the best insulator.

(34) Gutta percha as an insulator is equal to-shell-lac. = If is also an
excellent substance for the excitement of negative Electricity, and might
probably be used instead of a plate of glass in the construction of an
electrical machine. As it comes from the manufacturer it is not
however all equally good, but by warming a piece which is found to con-
duct, in a current of hot air; and by stretching and doubling it up, and
kneading it for some time between the fingers, it becomes as good an
insulator as the best. Faraday found that after a piece of gutta percha
had been soaked in water for four days, it insulated as well as ever after
being wiped and exposed for a few hours to the air. He found this
substance very useful in his experiments in the form of sheet, or rod, or
filament. Thus, being tough and flexible when cold, as well as soft when
hot, it serves better than shell-lac in many cases where the brittleness of
the latter is an inconvenience. It makes very good handles for carriers of
Electricity in experiments on induction, not being liable to fracture:
in the form of a thin band or string it makes an excellent insulating
suspender ; a piece of it in. sheet makes a most convenient insulating
basis for anything placed on it.. It forms good insulating plugs for the
stems of gold-leaf Electrometers when they pass through sheltering
tubes; and larger plugs supply good insulating feet, for extemporary
electrical arrangements; cylinders of it, half an inch or more in
diameter, have great stiffness, and form excellent insulating pillars.
In reference to its power for exciting negative Electricity, Faraday
observes that it is hardly possible to take one of the soles sold by
the shoemakers out of paper or into the hand without exciting it
to such a degree, as to open the leaves of an Electrometer one or
more inches; or, if it be unelectrified, the slightest passage over the
hand or face, the clothes, or almost any other substance, gives it an
electric state. Some of the gutta percha is sold in. very thin sheets
resembling in general appearance oiled silk; and if a strip of this be
drawn through the fingers, it is so electric as to adhere to the hand or
attract pieces of paper.

(85) Mr. Barlow (Phil. May.,vol. xxxvii. 1850, p. 428,) observes, that
if a sheet of about four or five feet superficial area be laid on a surface, or
held against the wall of a room, and rubbed with the hand or a silk hand-
kerchief, and then carefully removed by the extreme edges, and held
suspended in the air, it will give off a brush-like spark of several inches
in length to the knob of any conducting surface presented to it ; a similar
effect may be produced by causing the sheet of gutta percha to be passed
once over one, or between two rubbing surfaces, but in order to obtain the
best effect the hand should pass over the rubbing surface at an angle of

c 2
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about 10° a greater or less angle being, according to Mr. Barlow’s
experiments, less favourable to the development of Electricity ; the effect
is also much increased by applying a second rubber of silk or horse-hair
outside the strip ; the quantity of Electricity developed increasing with
the surface of the gutta percha.

Gutta percha may be excited both positively and negatively. If a
strip about two inches wide and two feetlong be laid on a surface and
rubbed, the two extremities when suspended in the air repel each other,
and the Electricity is resinous ; but if the strip be folded double and
rubbed, the upper side exhibits resinous and the lower side vitreous
Electricity, and the two extremities attract each other.

(86) Among good conducting substances may be classed all metals,
charcoal, strong acid, water, steam, smoke, and all vegetable and animal
substances eontaining water ; while among the more or less perfect
insulators may be included, gutta percha, shell-lac, amber, resins, sulphur,
glass, different transparent gems, silk, feathers, air, and all dry gases,
gun cotton, and organic substances perfectly free from water, &c. A
substance belonging to the first class when placed upon one in the second
list, is said to be insulated from the earth. Atmospheric air must, it
is clear, be ranked among the most perfect non-conducting bodies, for if
it gave a free passage to Electricity, the electrical effects excited on the
surface of any body surrounded with it would quickly disappear, and no
permanent charge could be communicated: but this is contrary to
experience. Water, on the other hand, whether in the liquid or
vaporous form, being a conductor, though of an order very inferior to
that of the metals, affects in a very important manner all electrical
experiments, as it is constantly present in the atmosphere in greater
or less quantity, hence one of the reasons why electrical experi-
ments are made with more facility, and the desired effects produced
with more certainty and success in cold and -dry weather, when the
atmosphere holds but little aqueous vapour suspended in it; another
injurious tendency of the watery vapour in the atmosphere is, that
which it has to become deposited on the surfaces of bodies, thereby
destroying their insulating power. The insulating supports of elec-
trical apparatus are usually made of glass on which moisture is very
readily deposited ; they should therefore be coated with a thin layer of
gum-lac dissolved in spirits of wine, or for delicate experiments be made
altogether of shell-lac, or gutta percha.

(87) The nature of conduction has received much elucidation from the
beautiful experiments of Faraday (Pkil. Trans. 1833). Me found that
though the insulating power of ice was not effective with Electricity
of exalted intensity, yet that the thinnest film was sufficient to obstruct
altogether the circulation of Electricity in a very powerful galvanic



CONDUCTION. 21

battery ; chloride of lead, chloride of silver, sulphuret of antimony, and
a great number of other salts possessed the same property, that, namely,
of stopping completely the transmission of the electrical current while
solid, but allowing its ready passage when liquefied. ~Other bodies, such
as sulphur, phosphorus, orpiment, realgar, spermaceti,, sugar, shell-lac,
&e., refused a passage to the current, whether liquid or solid.

Faraday gives the following conditions of electric conduction in bodies,
which, though they apply chiefly to voltaic Electricity (under which
division of our subject we shall further consider them), are yet true within.
certain limits for ordinary Electricity.

1°. All bodies from metals to lac and gases conduct Electricity in the
same manner, but in very different degrees.

2°. Conducting power is in some bodies powerfully increased by heat,
and in others diminished ; yet without our perceiving any accompanying,
electrical difference either in the bodies, or in the changes occasioned by
the Electricity conducted.

8°. There are many bodies which insulate Electricity of low intensity,
when solid, but conduct it very freely when fluid, and are then decom-
posed by it.

4°, But there are many fluid bodies which do not sensibly eonduct
Electricity of this low intensity; there are some which conduct it and are
not decomposed, nor is fluidity essential to decomposition.-

5°. Thereis but one substance (periodide of mercury) which, insulating
a voltaic current when solid and eonducting it when fluid, is not decom-
posed in the latter case.

6°. There is no electrical distinction of conduction which ean as yet
be drawn between bodies supposed to be elementary and those known to
be compounds.

(88) In a subsequent paper (Phil. Trans. 1835), Faraday expresses
his conviction that insulation and conduction depend wpon the same
molecular action of the dielectrics concerned,—are only extreme degrees
of one common condition or effect, and in any sufficient mathematical
theory of Electricity must be taken as cases of the same kind ; they are
the same in principle and action, except that in conduction an effect
common o both is raised to the highest degree, whereas in insulation it
- oceurs in the best cases only in an almost insensible quantity. The beauti-
ful experiments of Wheatstone have shown that even in metals ¢ime enters
as an element into the conditions of conduction, affording therefore a
proof of retardation ; and Faraday has been able to trace the progress of
conduction as it were step by step through masses of spermaceti, glass,
and shell-lac, a,dmovﬂedged insulators; but retardation is in the latter
case nsulation, and there seems no reason for refusing the same relation
to the same exhibition of force in metals.
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(39) In the following list the bodies are arranged in their order of
conducting power, according to the present state of knowledge on the
subject, and though probably not absolutely correct, it will serve to
show how insensibly conductors and non-conductors merge into each

other.

All the metals.

‘Well burnt charcoal.
Plumbago.
Concentrated acids.
Powdered charcoal.
Dilute acids.

Saline solutions.
Metallic ores.

Animal fluids.

Sea water.

Spring water.

Rain water.

Ice above 13° Fahr.
Snow.

Living vegetables.
Living animals.

Flame smoke.

Steam. :

Salts soluble in water.
Rarefied air.

Vapour of alcohol.
Vapour of ether.

Moist earth and stones.
Powdered glass.
Flowers of sulphur.
Dry metallic oxides.
Oils, the heaviest the best.
Ashes of vegetable bodies.
Ashes of animal bodies.
Many transparent crystals dry.
Tce below 13° Fahr.
Phosphorus.

Lime.

Dry chalk.

Native carbonate of barytes.

Lycopodium.

Caoutchoue.

Camphor.

Some siliceous and argillaceous
stones.

Dry marble.

Porcelain.

Dry vegetable bodies.

Baked wood.

Dry gases and air.

Leather.

Parchment.

Dry paper.

Feathers.

Hair

‘Wool.

Dyed silk.

Bleached silk.

Raw silk.

Transparent gems.

~ Diamond.

Mica.

All vitrifications.
Glass.

Jet.

Wax.

Sulphur.

Resins.

Amber.
Shell-lac.

Gutta percha.

(40) Opposite Electricities.—We have seen that excited resin and
excited glass, though they both attract light substances, exhibit each a

different kind of forece.

Hence the name of resinous Electricity as
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applied to the former, and of vitreous as applied to the latter. These
terms are, however, very objectionable, implying, as they do, that when
vitreous bodies are excited they are always electrified with one species
of Electricity, and that when resinous bodies are excited they are
always electrified with the other. But this is by no means the case ; for
example :

1° When a glass rod is rubbed with a woollen cloth, it repels a
pith-ball which it has once attracted : but if the cloth be presented, it
will be found to attract the excited ball. We hence conclude, that as
the glass was vitreously electrified, the woollen cloth must be resinously
electrified.

2° When a stick of sealing-wax is rubbed with a woollen cloth, it
repels a pith-ball which it has once attracted; but if the cloth be
presented it will be found to attract the excited ball. Hence, by a
similar reasoning, we are led to the inference that the cloth is vitreously
electrified.

3% When a piece of polished glass is rubbed, first with a woollen
cloth and then with the fur of a cat, and examined after each excitation
. by a pith-ball, it is found in the first case vitreous, and in the second
resinous. A woollen cloth and a piece of glass may thus be made to
exhibit both kinds of Electricity; the terms vitreous and resinous do
not therefore convey to the mind a proper impression of the nature of
the two forces.

(41) The terms positive and negative, though they take their origin in
a theory of Electricity which is not now recognized as compatible with
observed phenomena, are less objectionable, and have accordingly
partially superseded the other terms. Positive Electricity, then, is that
which is produced upon polished glass when rubbed with a woollen
cloth ; and negative Electricity is that which is produced upon a stick of
sealing-wax when rubbed. One kind of Electricity cannot be produced
without the other; and of two substances which by mutual friction
excite Hlectricity, one is invariably positive, and the other negative, after
the friction. y

(42) If two persons stand on two stools with glass legs, and one
strike the other two or three times with a well-dried cat’s fur, he that
strikes will have his body charged positively, and he that is struck will
be electrified negatively. A spark may,in fact, be sometimes obtained
from the face of either, by a person in contact with the earth. There is
no substance so easily excited as the fur of a cat; and most persons are
aware of the fact, that if in dry weather the hand be passed briskly
over the back of a living cat, the hairs will frequently bristle, and be
attracted by the hand, and sometimes a crackling noise will be heard,
and a spark obtained. ' These effects are occasionaly observed with the
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human hair, which, when clean, dry, and free from grease, is electrified
with great facility by friction, and this is especially the case with fair
hair which is in géneral fine and pliable. Even in damp weather, if a
person stand on an insulating stool, and connect himself with a con-
denser connected with a gold leaf Electroscope, and any one standing on
the floor draw a comb rapidly through his hair, on drawing back the
uninsulated plate of the condenser, the gold leaves of the Electroscope
will diverge with positive Electricity ; if the person using the comb
stand on the stool and connect himself with the condenser, as he combs
the gold leaves will open with negative Electricity. In dry weather the
condenser is not required for this experiment.

(43) The following table given by Singer (Elements of Electricity,
p. 83), on the authority of Cavallo, exhibits these effects between a
variety of substances.

Is rendered By friction with
Theback of acat  Positive  Every substance with which it has hitherto been tried.
i Positive | very substance hitherto tried except the back of a

Smooth glass
cat.

Positive  Dry oiled silk, sulphur, metals.

Rough glass Negative Woollen cloth, quills, wood, paper, sealing wax, white
wax, the human hand.

Tourmaline Pogitive  Amber, blast of air from bellows.

Negative Diamonds, the human hand.

4 ( Positive Metals, silk, loadstone, leather, hand, paper, baked
Hare’s skin 4{ wood.
(Negative Other finer furs.

White silk Positive ~ Black silk, metals, black cloth.

Negative Paper, hand, hair, weasel's skin.
rPositive Sealing wax.
Black silk 1Negative { Hare, weasel, and ferret fur, loadstone, brass, silver,
iron, hand, white silk. -

Positive  Some metals.
Sealing wax {N 3 gHa.ir, weasel, and ferret fur, hand, leather, woollen
: egative
cloth, paper, some metalg,
Baked wood Positive  Silk.

Negative Flannel.

Singer found- that sealing-wax is rendered negative by friction with
iron, steel, plumbago, lead, and bismuth ; and he remarks that in order to
arrive at an accurate conclusion, many repetitions of each experiment
are necessary, as the least difference in the conditions will occasion
singular varieties of result; for example, positive Electricity may be
excited in one stick of sealing wax and negative in another, if the
former have its surface seratched and the latter be perfectly smooth.

(44) Electroscopic Apparatus—~Instruments for indicating the pre-
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sence and kind of Electricity are called Electroscopes; those by
which its quality under various conditions is measured, are called
Electrometers. Various forms have been given to both classes of
instruments, the necessary conditions being that they should be very
light, and be capable of moving on the application of the smallest
force. A pith-ball, or a paper skeleton globe suspended by a silk
thread is, in many cases, suflicient to detect the presence and species
of Electricity on a body. It may first be charged by touching it with
an excited glass rod, and the body to be examined, then brought near
it, if it attract the ball, its Electricity is negative, if it repel it, it is
positive ; if it have no effect on the ball it is not electrified, or at
least not sufficiently so to produce a force strong enough to overcome
the rigidity of the silk string. A more delicate test is a strip of Dutch
metal attached to a slip of paper, and suspended from a stick of sealing
Wax.

(45) The Electroscope of Gilbert and Haiiy consisted of a light
metallic needle, terminated at each end by a
light pith-ball covered with gold leaf, and
supported horizontally by a ecap at its centre
on a fine point. The attractive and repulsive
action of any electrified body presented to
one of the balls being indicated by the move-
ments of the needle.

Canton’s Electroscope consisted of a pair of
pith-balls suspended by fine linen threads (20),
which Cavallo modified and made portable by fitting it up, as shown in
Fig. 3, where B shows the instrument in a state of action. When it
is unloosed, the end B, carrying the pith- Fig. 3.
balls, is screwed off, and the balls are put -
into the glass tube A, which serves for a
handle. This glass case is three inches
long and three-tenths of an inch wide,
and half of it is covered with sealing wax.
A cork, tapering at both ends, is made to
fit the mouth of the tube, and to one end
are fixed two fine silver wires, carrying
two small cones fof dry elder pith. The
case of the Electrometer C, encloses
at one end a piece of amber for giving
negative Electricity, and at the other end
a piece of ivory insulated upon a piece of amber, for giving positive
Electricity to the balls when rubbed with a piece of woollen.

(46) An excellent arrangement of the balanced needle Electroscope
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‘Fig. 4. .is shown in Fig. 4. It
) A B MO £ consists of a short bent
G ‘ TN=d—3==05 brass wire, A, B, 0, to either

end of which isfixed a reed,

so as to form arms of un-

equal length. The longer

arm carries,at its extremity,

a disc of gilt paper, D,about

=== half an inch in diameter,

and the shorter arm a small metallic ball, E. The whole is balanced

on a finely pointed wire, supported on a rod of varnished glass. The

arms are elongated or contracted, and the balance thus adjusted by

sliding the reeds upon the wire. The disc, D, is electrified either

positively or negatively, and the body, the nature of the Electricity of

which is to be examined, is presented to it. If we desire merely to

detect the presence of Electricity by its attractive force, we uninsulate

the needle by hanging a metallic wire from the pointed rod of support,
and then present the excited substance to the dise D.

(47) A still more delicate Electroscope, and one which retains its

charge for a long time, even under unfavourable circumstances, such

for instance, as in a crowded room, is made by suspending from a

Fig. 5. wooden frame, by a fine silk or glass filament, C
@ (Tig. 5), a delicate rod of lac, D, carrying at one

i of its ends a gilt paper disc, B. This disc, in its
natural state, will be attracted by any electrified

c body, but if a charge of positive or negative Elec-

tricity be previously given to it, it will be attracted
or repelled, in accordance with electrical laws; and

//D as its indications are visible at considerable distances,

it is a form of Xlectroscope well adapted for the

VR lecture room. A stick of lac, carrying at one end
T |ll7 a gilt paper disc, forms a very convenient apparatus

B

J /" for conveying small charges of Electricity from one
e — body to another; the paper should be smoothly
gilt and the edges free from asperities.

(48) Fig. 6 represents Sir William Snow Harris’s Electroscope, which
acts on the principle of divergence. A small elliptical ring of metal, a,
is attached obliquely to a small brass rod, 4, by the intervention of a
short tube of brass at @ : the rod @ b terminates in a brass ball, 4, and is
insulated through the substance of the wood ball, #.

Two arms of brass, » r, are fixed vertically in opposite directions on
the extremities of the long diameter of the ring, and terminate in small
balls ; and in the direction of the shorter diameter within the ring there
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is a delicate axis set on extremely fine Fig. 6.
points: this axis carries, by means of
short vertical pins, two light reeds of
straw, s s, terminating in balls of pith,
and constituting a long index, correspond-
ing in length to the fixed arms above-
mentioned.

The index thus circumstanced is sus-
ceptible of an extremely minute force;
its tendency to a vertical position is
regulated by small sliders of straw, move-
able with sufficient friction on either side
of the axis.

To mark the angular position of the
index in any given case,
there is a narrow graduated =
ring of card-board or ivory
placed behind it.  The
graduated circle is sup-
ported on a transverse rod
of glass by the intervention
of wood caps, and is sus-
tained by means of the
brass tube, @, in which the
glass rod is fixed. o

The whole is insulated on a long rod of glass, A, by means of wood
caps terminating in spherical ends. In this arrangement, as is evident,
the index diverges from the fixed arms whenever an electrical charge is
communicated to the ball b, as shown in the lower figure. The
instrument is occasionally placed out of the vertical position at any
required angle by means of a joint at m, and all the insulating portions
are carefully varnished with a solution of shell-lac in alcohol.

This instrument is, to a certain extent, an Electrometer, as well as an
Electroscope, but its applications are, as Sir W. Harris observes, very
limited, for though the amount of divergence does increase with the
quantity of Electricity in operation, we are not able to ascertain the
ratio of increase because of the diminishing force of repulsion as the
divergence increases.

(49) But the most elegant and the most generally useful of this
class of instruments is the gold leaf Electrometer, invented by the
Rev. Mr. Bennett, and improved by Mr. Singer. The original instru-
ment is shown in Fig. 7, and is thus described by its author. “It
consists of two slips of gold leaf suspended in a glass. The foot may be
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Fie.7.  made of wood or of metal; the cap of metal. The cap is
made flat on the top, that plates, books, evaporating water,
or other things to be electrified, may be conveniently placed
upon it. The cap is about an inch wider in diameter than
the glass, and its rim about three quarters of an inch broad,
which hangs parallel to the glass to turn off the rain and
keep it sufficiently insulated. 'Within this is another circular
rim, about half as broad as the other, which is lined with silk
velvet, and fits close on the outside of the glass; thus the cap
fits well, and may be easily taken off to repair any accident

happening to the leaf gold. ~'Within this is a tin tube, hanging from
the centre of the cap, somewhat longer than the depth of the inner
rim. In the tube a small peg is placed, and may be occasionally taken
out. To the peg, which is made round at one end and flat at the other,
two slips of gold leaf are fastened, with paste, gum-water, or varnish.
These slips, suspended by the peg, and that in the tube, fast to the
centre of the cap, hang in the middle of the glass, about three inches
long and a quarter of an inch broad. In one side of the cap there is
a small tube to place wires in. It is evident that without the glass
the gold leaf would be so agitated by the least motion of the air that
it would be useless; and if the Electricity should be communicated to
the surface of the glass it would interfere with the repulsion of the
gold leaf, therefore two long pieces of tin-foil are fastened with varnish
to the two opposite sides of the internal surface of the glass, where
the gold leaf may be expected to strike, and in connexion with the
foot. The upper end of the glass is covered and lined with sealing
wax as low as the outermost rim, to make its insulation the more
perfect.”

Mr. Singer, reflecting that the perfectlon of insulators is constantly
diminished by the deposition of moisture from the atmosphere on their
Fig. 8. surfaces, and that this deposition would necessarily

; be retarded by enclosing the insulator within a narrow
channel, was led to make the capital improvement in
Bennett’s Electroscope, illustrated in Fig. 8. The
insulation is here made to depend on a glass tube,
four inches long and one fourth of an inch internal
diameter, covered, both on the inside and outside, with
sealing-wax, and having a brass wire of a sixteenth or
twelfth of an inch thick and five inches long, passing
through its axis, so as to be perfectly free from contact
y L, with any part of the tube, in the middle of which it is
Sz fixed with a plug of silk or of gutta percha, which
keeps it concentric with the internal diameter of the tube: a brass cap,

A
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A, is screwed upon the upper part of this wire; it serves to limit the
atmosphere from free contact with the outside of the tube, and at the
same time defends its inside from dust. To the lower part of the wire
the gold leaves are fastened.—Singer's Electricity.

(50) The process of applying or replacing the gold leaves is very
tedious and difficult unless proper means are resorted to in their
management. In the first place, leaf of the best quality should be
employed, and it should be cut on a hard leather cushion, with a
clean flat dry knife. The edge of the knife should be drawn with
pressure over the slip parallel to one of the sides of the leaf. When
cut, the slip is raised from the cushion by applying to it a small short
slip of gilt paper, gently moistened at one end with the lips, and in
adjusting the leaves on the instrument a very thin slip of gilt cork
should be inserted between them in order to separate them a little,
80 as to allow of their hanging parallel and free without touching.—
Harris’s Rudimentary Electricity.

The mode of manipulation with the gold leaf Electroscope and the
precautions requisite in interpreting its indications, will be best under-
stood after we have investigated that important class of electrical
phenomena comprehended under the name of induction.

(51) A gold leaf Electroscope of great delicacy, in which a single
leaf is employed, was invented by Dr. Robert Hare, of the university
of Pennsylvania, (Silliman’s Journal, vol. xxv.) The leaf, about three
inches long and three-tenths of an inch wide, is suspended, according
to Singer’s method, in the centre of a globular or other shaped glass
vessel, from a brass wire surmounted with a brass cap. A similar rod
of brass, carrying at each end a small disc of brass or gilt wood, about
half an inch in diameter, passes through the side of the vessel, so that
the internal dise shall be immediately opposite the lower end of the
suspended leaf. This wire slides freely through a socket, so that the
internal disc may be adjusted at any required distance from the leaf.

This instrument is shown in Fig. 9. When it Fig. 9.
is employed to detect Electricity the lateral
wire is uninsulated by hanging a wire from it
to the earth, and the body to be tested is brought 1
into contact with the cap. If the distance be-
tween the gold leaf and the disc, B, is very small, 3
the most minute force of attraction is made
apparent. When it is required to determine the \
kind of Electricity with which a body is charged,
the insulated dise, B, is brought as near as possi-
ble to the leaf, and electrified either positively
(with excited glass), or negatively (with excited
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wax), the gold leaf is first attracted and then repelled. TUnder these
circumstances the body to. be tested is brought into contact with the
cap, or with D; if its Electricity be of the same nature as that with
which the leaf is charged, the latter will diverge more freely; if of
the contrary nature it will collapse towards B.

Mr. Gassiot has improved this form of Electroscope (Phil. Trans.,
1844), by placing a gilt disc on eack side of the gold leaf, and with
this modification of the instrument he obtained signs of tension in a
single cell of the voltaic battery.

(52) By substituting for the gilt dises, in Hare’s Electroscope, the
poles of the dry electric column the sensibility of the instrument
is wonderfully increased. An apparatus of this kind was first con-
structed, in 1820, by Bohnenberger. It is shown in Fig. 10, as
subsequently improved by Becquerel. A B is a
dry electric column of about 500 pairs, about a
quarter of an inch in diameter, occupying, when
the plates are pressed together, from two to two
and a half inches in length. To the ends of this
pile are adapted two bent wires, terminating in two
gilded plates, P, N, which constitute the poles of
the battery. These plates, which are two inches
long and half an inch wide, are parallel and oppo-
site to each other, the gold leaf, D, being suspended
between them. Now, if the leaf hang exactly mid-
way between the terminal plates of the column,
it will be equally attracted by each, and will there-
fore remain in a state of repose, but the most
9 minute quantity of Electricity communicated to
the cap of the instrument will disturb this neutral
condition of the leaf, and it will immediately move towards the plate
which has the opposite polarity. Mr. Sturgeon describes (Lectures on
Galvanism, 1843) a somewhat similar arrangement, the delicacy of which
he states to be such, that the cap, being of zinc and of the size of a
sixpence, the pendent leaf is caused to lean towards the negative pole
by merely pressing a plate of copper, also the size of a sixpence, upon
it, and when the copper is suddenly lifted up the leaf strikes. The
different electrical states of the inside and oufside of various articles of
clothing were readily ascertained by this delicate Electroscope.

(58) Pyro-Electricily of Minerals.—But it is not by friction alone
that Flectricity is developed; the natural Electricity of a substance
is disturbed by almost every form of mechanical change to which it
can be submitted; mere pressure is quite sufficient for the purpose.
If two pieces of common window glass be pressed firmly together, and
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in this state brought near a gold leaf Electrometer, no disturbance
of the leaves will ensue; but if they be suddenly separated, and one
piece brought near the Electrometer (being held by a handle of sealing-
wax), the presence of free Electricity will be demonstrated, one piece
proving to be positive, and the other negative.

If sulphur be poured whilst melted into a conical glass, and furnished
with an insulating handle, or a piece of glass or silk, it will, when cold,
indicate no free Electricity, but on removing the cone of sulphur from
the glass, and presenting it to the Electroscope, it will be found to be
negatively excited, the glass itself being positive.

(54) Some minerals become electrical by being heated; the tour-
maline possesses this property in a particularly marked manner. This
mineral crystallizes in long slender prisms, its primitive form being an
obtuse rhomb, the axis of which coincides with the axis of the prism.
By friction it acquires positive or witreous Electricity, and when two
tourmalines are rubbed together, the one acquires positive and the
other negative Electricity. The pyro-electricity of the tourmaline
was minutely investigated by Hailiy, who found that the Electricity
was distributed over the crystal nearly in the same manner as on a
cylindrical conductor, electrified by induction (71). The positive
Electricity was at a maximum near one extremity of the erystal, and
gradually diminished towards the middle, where it disappeared. Here
the negative Electricity appeared very faintly, and gradually increased
towards the other end of the crystal near which it was at a maximum.
If a tourmaline, when rendered electrical by heat, be broken in pieces,
each piece will have a positive and a negative pole, from whichever
end of the crystal it be broken, the extremity of the fragment always
possessing the same kind of Electricity as that of the pole to which
it was nearest when it formed part of the crystal. As we have already
stated (23), it had been noticed by (Epinus that the tourmaline becomes
electrical only at a particular temperature, above and below which its
Electricity disappears. Tt was found, however, by Haiiy that at a
certain degree of coldness, the Electricity of the mineral re-appears,
and gradually increases till it rcaches its maximum, when it again
gradually disappears; but what is very remarkable, the Electricity
is not the same as before, the pole that was formerly positive being
Nnow negative.

(65) Sir David Brewster has given the following list of minerals and
artificial erystals in which he has detected the property of becoming
electrical by heat :—

MINERALS.
Calcareous Spar. Sulphate of Barytes.
Beryl, Yellow. Sulphate of Strontia.
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Carbonate of Lead. Amethyst.

Diopside. Quartz.

Fluor Spar (red). Idocrase.

Fluor Spar (blue). Mellite. (?)

Diamond. Sulphur (native).

Yellow Orpiment. Garnet.

Amnalcime. Dichroite.

ARTIFICIAL CRYSTALS.

Tartrate of Potash and Soda. Sulphate of Magnesia.
Tartaric Acid. Prussiate of Potash.
Oxalate of Ammonia. Sugar.
Chlorate of Potash. Acetate of Lead.
Sulphate of Magnesia and Soda. Carbonate of Potash.
Sulphate of Ammonia. Citric Acid.
Sulphate‘of Iron. Corrosive Sublimate.

To the above list must be added oxalate of lime, which, according to
Faraday, stands at the head of all bodies yet tried, in its power of
becoming positively electrical by heat. At a temperature of about
300° Fahrenheit, it bec¢omes so strongly electrical when stirred in a
basin with a platina spatula, that it cannot be collected together ; and
when its particles are well excited and

S shaken on the top of a gold leaf Elec-
M%N trometer, the leaves diverge two or three
P inches. When this salt is excited in a
T silver basin, and left out of contact with

g the air, it continues electrical for a great

length of time, proving its very bad con-
ducting power, in which it probably sur-
passes all other bodies.

(56) Electrometers ; law of electrical
attraction and repulsion.~It has been
mentioned (26) that the law of electrical
attraction and repulsion was determined
by Coulomb with the aid of his Torsion
Electrometer. This exquisite contrivance
is shown in Fig. 11, where ABCDis a
glass cylinder, which is covered with a
plate of glass, A B, thirteen inches in
diameter. This plate is perforated with
two holes, ¢ and «, the former being in-
tended to receive a tube of glass, ¢ G, two

~ feet high, carrying on its upper end a
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torsion Micrometer, consisting of a graduated circle, M N, an index; M,
and a pair of pincers, opened and shut by a ring, for holding a slender
silver or glass wire, G H, whose lower end, H, is also grasped by a
similar pair of pincers made of copper, and about a line in diameter.
Through a hole in these copper pincers there passes a horizontal needle,
¢ d. This needle consists of a silk thread or straw, covered with sealing-
wax, at the end of it, at d, about eighteen lines long, is a cylinder of
gum lac. It is terminated at ¢ by a ball of pith of elder, about two or
three lines in diameter, and at & by a vertical vane of paper covered with
turpentine. A circular band of paper, E F, divided into 360°, is pasted
round the cylinder, on a level with the needle, and at the hole, 4, there
is introduced a small cylinder, @ b, the lower end of which, made of gum
lac, carries another ball, b, of the pith of elder. The instrument is
adjusted when a line passing through the centre of the silver wire, G H,
at P, passes also through the centres of the balls & and ¢, and points to
the centres of the graduated circle, E F.

(57) In this instrument the force of electrical repulsion is balanced
against the reactive force of the glass or silver thread, which is twisted
more or less from its quiescent position. In using it a charge is
communicated to the ball &, which is then brought into contact with the
ball ¢, mutual repulsion takes place (31), and the needle, ¢ d, is turned
through a certain arc. By turning however the micrometer button in
the direction N P, the wire, & H is twisted and caused to return to its
first position and point to the zero of the scale ; this being done, it is
evident that the force of torsion has been made to balance the repulsive
force of the two balls e ¢, and that by comparing the force of torsion,
which balanced the repulsive forces at different distances of the balls,
measures of the repulsive forces at these distances may be obtained.

The details of an experiment made by Coulomb will serve to illustrate
the method of nsing, and the nature of the indications of this instrument.
He communicated an electrical charge to b, and having brought it into
contact with ¢, the latter was repelled, and finally took up a position at
an angle of 36° from b, the wire G H had therefore become twisted
through an angle of 36°. Coulomb now turned the micrometer button
till the distance between the balls was diminished to 18°, but to do this
he found that the index M required to be moved over 126° of the gradu-
ated circle M N. Now 126° added to 18° (the former torsion)= 144°.
The reactive force of torsion at 86° and 182, is therefore 86 and 144, or
in other words, when the distance is diminished one %alf the force had
increased fowr times. Again, to maintain the balls at a distance of 81°
apart, the angle of torsion was 5751 or very nearly 144X 4, showing
that when the distance is diminished one fourth (or very nearly so) the
force has increased eight times. From this and similar experiments at

D
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other distances, Coulomb established the important electrical law, “ that
two small spheres, electrified by similar electricities, repel each other with
a force inversely proportional to the squares of the distances between their
centres.”

(58) In applying the torsion Electrometer to the determination of the
law of the attractive force between two oppositely excited bodies, a slight
modification of the apparatus was requisite in order to prevent the balls
from rushing into contact, in consequence of thé attractive force increasing
in a greater ratio than the force of torsion. The difficulty was provided
against by extending a thread of fine silk vertically between the top and
bottom of the case having its ends attached to them by wax, and allowing
the fixed ball to remain in contact with it at the commencement of the
experiment. "When the two discs are oppositely electrified, the moveable
disc is forced from the fixed disc by turning the Micrometer in a direction
contrary to that in which it was moved in former experiments. In this
way Coulomb obtained results which gave him the same law for electrical
attractions as for repulsions, viz. :—that their energy diminished in the
same proportion as the square of the distance between the electrified
bodies was increased. j

(59) In consequence of the great care required in manipulating with
the torsion balance, and the difficulty of estimating accurately the loss
of Electricity in two charged conductors during the performance of an
experiment, Coulomb’s researches do not appear to have been often
repeated, though Biot, Poisson, and other French mathematicians, rest
their mathematical theory of Electricity entirely upon them ; Faraday
however employed this instrument in his investigations into the nature
of induction, and he describes (Ex. Researck. 1180—6) certain pre-
cautions needful in its use. In order to ensure uniformity in the
inductive action within the eylinder in all positions of the repelled ball,
and in all states of the apparatus, he attached two bands of tin-foil, each
about an inch wide, to the inner surface of the eylinder, connecting them
with each other and with the earth; he also kept a dish of fused potash
covered with a fine wire gauze at the bottom of the. case, so as to keep
the air within in a constant state of dryness. He directs particular
attention to the pith-balls, which, even when carefully turned and gilt, are
frequently too irregular in form to retain a charge undiminished for a
considerable length of time ; they should always be examined previous to
use, and rejected if they do not hold their charge and become instantly
and perfectly discharged by the touch of an uninsulated conductor ; and
the insulating condition of the instrument, as thus constructed under
fair circumstances, is such, that when the balls are electrified so as to
give a repulsive torsion force of 400° at a standard distance of 80°, it
takes four hours to sink to 50° at the same distance; the average loss from
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400° to 300° being at the rate of 2° 7" per minute; from 800° to 200° of
1°07’ per minute ; from 200° to 100° of 1° 3’ per minute; and from 100° fo
50°, to 0° 87’ per minute. Now as a complete measurement by the instru-
ment may be made in much less than a minute, the amount of loss in that
time is but small and can easilybe taken into account. Faraday thinks that
though it requires experience to be understood, the Coulomb balance Elec-
trometer is a very valuable instrument in the hands of those electricians
who will take pains by practice and attention to learn the precautions
peedful in its use. ‘

(60) The truth of Coulomb’s law, both in the case of simply electrified
conductors, and in bodies upon which given quantities of Eleetricity have
been accumulated, has been confirmed by Sir William Snow Harris, to
whom electrical science is indebted for many beautiful discoveries and
important practical applications.

The apparatus employed by Sir William in investigating the law of
the attractive forces of Electricity accumulated in jars and batteries is
shown in Fig. 12, and is thus described by the author (Phil. Trans. 1834).

Fig, 12.

Fig. N represents asimple balance suspended from a curved brass rod

# k. N can be raised or depressed through small distances by a micro-

meter screw at k,and can be also elevated or depressed by the graduated

sliding tube # 0. The tube o is screwed on a brass cap fixed on the

glass column N, through the centre of which passes a stout brass wire.
i D 2
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A conducting substance 7, of any required form, is suspended by a double
silver thread from one of the arms of the beam ; it is made of light wood,
is hollow and gilded. This body is accurately counterpoised by weights
placed in the scale pan ¢, suspended from the opposite arm ; a similar
- conductor 7, is fixed immediately under the former, and is supported on
a graduated sliding tube s, insulated on the glass pillar p; the pan ¢,
when loaded with given weights, rests on a small plate of wood, whose
altitude can be easily adjusted by means of the sliding brass rodr; the
whole is fixed on an elliptical base furnished with three levelling screws.
. When the lower conductor, m, is connected with one side of an
electrical jar E, through the substance of the ball 4, and the suspended
conductor m, with the opposite side, by means of the suspension thread,
and the wire passing through the column N, then the attractive force
arising from a given accumulation is caused to act immediately between
" these conductors m m’, and may be measured under given conditions by
weights placed in the pan 2.

The distance between the nearest points of the conductors = »/, is
accurately estimated in the following way. The insulated conductor 7,
being raised to zero of the graduated tube, so as to touch, or very nearly
so, the suspended body , the points of contact are minutely formed by
the micrometer screw A.  The body =’ is now depressed a given quantity
as measured by the divisions on the side, and hence the distance between
m and m’ 1s accurately known ; when this distance requires to be greatly
increased, it is effected by raising the beam, which is easily done by
means of the graduated slide % o, but in effecting this it is essential to
raise at the same time the pan 7, so as to preserve the index rod of
the beam exactly vertical.

(61) The following experiments  made with this instrument show
that the laws which obtain in the distribution of Electricity on insulated
conductors, obtain likewise in the disposition of given quantities of
Electricity on coated jars.

The jar B (Fig. 12) exposing about five square feet of coating,
being connected with the unit u of measure, the number of charges
was noted corresponding to an accumulation, the attractive force of
which, operating between the two plane surfaces m #’, was equivalent to
a force of 4'5 grains. 'When the quantity of Electricity accumulated
was doubled, the force amounted to exactly 18 grains; three times the
accumulation balanced a force of 405 grains, and so on.

‘When a second and precisely similar jar was connected with the
former, so as to double the extent of coating, similar quantities measured
as before only exhibited one fourth of the previous force respectively.
With ¢hree similar jars, that is, with three times the surface, the force was
only one ninth part of the respective forces first observed. It would seem
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therefore that the force exerted between two given substances is more
or less diminished by the presence of a neutral or other body sharing in
tho attraction, though the physical cause of these effects is not very
apparent.

(62) The law according to which the force of electrical attraction
varies when exerted between bodies at different distances is arrived at
with this instrument without difficulty. Fhe results are of the simplest
kind, all the experiments made with it concurring to prove that the
attractive forces vary as the squares of the respective distances inversely,
with great precision. The form of the conductors was found by Harris
to have no influence on the results. Two hemispheres attract with
precisely the same force as two spheres, and the attractive force between
two unequal circular areas was no greater than between two similar areas
each equal to the lesser. The attractive force exerted between a charged
and a neutral sphere of equal diameter, Harris considers as being
made up of a system of parallel forces operating in right lines between
the homologous points of the opposed hemispheres.

(63) For measuring directly the attractive force of an electrified body
in terms of a known standard weight, estimated in degrees on a gradu-
ated arc, Sir William Harris employed an instrument, which he calls
the Hydrostatic Electrometer, shown in its improved form in Fig. 13
(Bakerian Lecture, Phil. Trans., 1839). The column M, carrying the
graduated are X O Y, and wheel work W, consists of two cylindrical brass
tubes, ¢ ¢, about an inch in diameter and 14 inches high, that on which
the wheel work is placed moves freely within the other, so as to be readily
elevated or depressed, by means of a rack fixed in it and a pinion
attached to the upper part of the outer tube at M. The object of this
motion is to enable the experimenter to vary the distance between the
attracting or repelling discs m, f, without disturbing the lower disc f; or
otherwise to adjust the same distance by changing the position of both
the discs, manipulations which greatly simplify many intricate cases of
experiment. In order to estimate the distances when tlie position of
the disc m is varied, a graduated sliding piece #, about three inches long,
is placed upon the inner tube free from the rack work, and being
moveable upon it with friction may be set with any required altitude of
the whole column M to zero of its scale. In this way all subsequent
changes of distance produced by elevating or depressing the interior
tube ¢ are easily known.

Changes of distance attendant on the motion of the lower disc f are
estimated by the graduated slide g, the fixed tube of which is attached
to a foot-piece P moveable in a bevelled groove on the base B, the whole
may be hence withdrawn for a certain distance if required, so as to place
the disc f without the influence of the upper disc 7.
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Fig. 13.

The disc 7 is suspended from the fine silver thread passing over the
balanced wheel W by three threads of varnished silk, after the manner
of a common scale pan, so as to insulate it if requisite ; it is connected
with the ground in ordinary cases by a fine wire terminating in a small
hook loosely hung from the silver thread to the surface of the disc %, %.
The centre of the wheel W is accurately placed in the centre of the arc X,
Y, which with its radii of support is made of varnished wood, the graduated
scale being of card, wood, or ivory. The arc is the sixth part of a
circle divided into 120 parts, 60 in the direction O X, and 60 in the
direction O Y, the centre O being marked zerg. The extremities of the
axis of the wheel W are turned to extremely fine points ; and rest on two
large friction wheels. The index ¢ is a light straw atfached to the
extremity of a small steel needle, inserted diametrically through the
circumference,which indicates on the graduated arc X Y, the force exerted
between the conductors = f. The disc m is counterpoised by a short
cylinder of wood suspended in a similar manner from the opposite side
of the wheel by means of a silk thread, and resting partly in water
contained in the glass vessel V, which is supported in a ring of brass
moveable in a brass tube attached to a sliding rod ¢. This rod is acted
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on by a nut and screw enclosed in a cylindrical piece e, fixed to the
horizontal plate carrying the wheel work. Tence the water vessel may
be elevated or depressed at pleasure, and the index ¢ readily adjusted to
zero or any other required point on the arc. The gravity of the
suspended disc = being opposed by that of the counterpoise, it may be
so far considered as existing in free space devoid of weight, and will
therefore become very readily moved by every new force applied to it.

It may consequently be caused to approach to, or recede from, the fixed
conductor f; by the operation of forces acting in either of these directions:
the motion will however be speedily arrested by the cylindrical counter-
poise, which, becoming either further immersed in, or otherwise raised in
the water, furnishes, in the greater or less quantity of water displaced, a
measure of the force. In this way, the force may be estimated either in
degrees, or in grains of actual weight (since the number of grains requi-
site to be added to either side, in order to advance the index in either
direction a given number of divisions, may be immediately found by
experiment), which, as the sections of the cylinder are all similar, will be
found to increase or decrease with the degrees of the are. Thus if one
grain advance the index in either direction five degrees, then two grains
will advance it ten degrees, and so on.

(64) These arrangements enable us to operate with the instrument
in the following way. Let it, for example, be required to estimate the
attractive force between the plates m, £, at any given distance D, suppose
‘6 of an inch. We first bring the discs into contact as nearly as may
be, and then set the graduated slider £ at zero of its scale, by bringing
it to coincide with the upper edge of the outer tube M. Then (having
also set the slider supporting the insulated disc f at zero) we either raise
the tube #, ‘6 of an inch, or depress the slide ¢, by the same quantity, or
otherwise raise the upper and depress the lower disc by quantities
making together ‘6 of an inch. In either case the discs will finally be
*6 of an inch apart, measured between the opposed surfaces previously
in contact. Under these conditions let either plate be taken, insulated,
and charged, whilst the other is neutral and free. Suppose the lower
disc f to be charged with a given quantity, and the suspended disc =
free, then the attractive force which ensues will cause the index to
advance in the direction O Y, a given number of degrees ; consequently
the distance between the plates m f will be diminished. Let the index
be now brought again to zero, by turning the milled head of the screw
e 50 as todepress the water vessel V, then the force whatever it may be
is acting between the plates at ‘6 of aninch. To discover the amount of
this in degrees, discharge effectually the air and opposed plates m f, by
touching them simultaneously with a bent wire, the force then vanishes
and the index declines in the direction O X. The amount of this -
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declination is evidently the force in degrees at a given distance D,
=6 of an inch.

Experiments with this instrument are remarkably clear considering
the subtile character of the principle to be investigated; though it is
not available for the measurement of such minute forces as those
applicable to the balance of Coulomb ; its indications depending on the
force between two opposed planes operating on each other under given
conditions, are reducible to simple laws, and are hence invariable
and certain. The attractive force between the discs is not subject to
any oblique action, is referable to any given distance, and may be
estimated in terms of a known standard weight.

(65) Sir W. Harris’s experiments on electrical attraction made with
his instruments led him &o the following results.

1. That the forces between two spheres will be inversely as the
distances between their nearest points multiplied into the distances
between their centres.

2°. That two spheres at the distances of 2:2, 2:5, 2'8, and 30 inches,
exert the same force as two circular plates at the distances of 0:664,
1-117, 1496, and 1732 inches respectively.

3°. That the attractive force of two opposed conductors is mnot
.influenced by the form or disposition of the unopposed portions.
The attractive force, for example, is the same whether the opposed bodies
are merely circular planes, or planes backed by hemispheres or cones.
Two hemispheres also attract each other with the same force as the
spheres of which they are hemispheres.

4°. The force between two opposed bodies is directly as the number of
attracting points, the distance being the same. Thus two circular planes
of unequal diameter do not attract each other with a greater force than
that of two similar areas, each equal to the lesser. In like manner the
attractive force between a ring and a circular area of the same diameter
is equal to that exerted between two similar rings each equal to the former.

5° The attractive force between a spherical segment and an opposed
plane of the same curvature, is equal to that of two similar segments
on each other.

(66) For the measurement of small forces of repulsion, Harris
employed a new arrangement of the balance of torsion (Phil. Trans.,
1836), which, from the peculiar mechanical principle on which it depends
he calls “the Bifilar Balance.” The reactive force in this instrument
is not derived from any principle of elasticity as in Coulomb’s, but is
altogether dependent on gravity. It is obtained by means of a lever at
the extremity of two parallel and vertical threads of unspun silk,
suspended within a quarter of an inch of each other from a fixed point.
The threads are stretched more or less by a small weight, and the
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repulsive force is caused to operate much in the same way as in
Coulomb’s balance of torsion. As the threads tend to turn as it were
upon each other, the stretching weight becomes raised by a small
.quantity, and thus gravity is brought to react against the repulsive force
in operation. The delicacy of this balance is extremely great, and will
render sensible a force of the sw3ssth part of a grain.

(67) Harris’s experiments on the relation of the repulsive force to
the quantity of Electricity led him to the following results:—The dises
being charged equally and to a given intensity, the forces vary in an
inverse ratio of the squares of the respective distances; when however
the quantity on one of the discs is diminished, that is, when they are
charged unequally, this law is only apparent up to a certain limit ;
sometimes at certain distances, the law is in an inverse ratio of the
simple distance, or nearly approaching to it ; while within certain limits,
and at other distances, the law of the force becomes irregular, until at
last the repulsion vanishes altogether and is superseded by attraction,
being apparently disturbed by some foreign influence.

The quantities of Electricity contained in either of the repelling
bodies are not always proportional to the repulsive forces, a result which,
though apparently anomalous and unsatisfactory, Sir William believes
to be in accordance with the general laws of electrical action: the force
of induction (72) for example, not being confined to a charged and
neutral body, but operating more or less freely between bodies similarly.
charged, it is evident that the inductive process between bodies similarly
charged may become indefinitely modified by the various circumstances
of quantity, intensity, distance, &ec., giving risé to apparently com-
plicated phenomena.

(68) Harris proved that a spherical conductor, either hollow or solid,
and a plate of equal area, have the same electrical capacity, a conclusion
not opposed to the experiments of Coulomb. This philosopher found
that the balls of his balance (56) were repelled with only Aalf the force
at a given distance, when the quantity of Electricity in one of them
was reduced to one half, and he further concludes that the whole
repulsive force expressed by 55 diminishes for the same distance D
as the absolute quantity of Electricity in each of the repelling bodies
considered as points. This prineiple he applies extensively, with the
view of detecting the ratios of the quantities of Electricity accumulated
in charged bodies, or in any given point of them. The Electricity of
the given point he considers as transferable to a small insulated dise,
first applied to the body and subsequently placed in his balance, the
ball of the needle being already charged with a certain quantity of the
same FElectricity. The insulated disc is called a proof plame ; when
this plane is placed upon any part of a charged body it is supposed
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to be identical with an element of the surface, so far as relates to the
distribution of the accumulated Electricity, and hence, on removing
it to the balance, it is assumed to operate just as the element would
do under similar circumstances. Harris, however, considers it doubtful
whether any indefinitely thin carrier plate can be altogether considered
as an element of the surface of an electrified body to which it is applied.
He has shown, moreover, that the respective quantities of Electricity
are not always as the repulsive forces, and if so, the indications of
Coulomb’s instrument may not in all cases be directly proportionate
to the quantity of Electricity in the proof plane.

(69) According to Coulomb, the relative electrical capacities of a
solid or hollow sphere and a circular plate of equal area, are as two to
one; that when Electricity is accumulated on a globe, either hollow
or solid, it is only found upon the exterior surface, hence, in ex-
panding the globe into a plane circular area of the same superficial
extent, each side to each side, we double its capacity by giving it
another exterior surface; twice the quantity of Electricity may, there-
fore, now be placed on it under the same intensity. Now, if this view
be correct, by substituting, for the circular plate, a second sphere, whose
exterior surface is equal to the fwo swrfaces of the plate, the result
would be the same as before.” Harris found, however, that the electrical
re-actions after the respective contacts with the plate and sphere, the
areas of which were equal, instead of being as two is to one, according
to Coulomb’s theory, are nearly the same, and he hence concludes that
the result arrived at by Coulomb’s method of experiment may be
classed with those cases in which the repulsive force exercised by the
balance is not proportionate to thé quantity of Electricity, and he
gives further experiments which verify the results at which he formerly
arrived, viz.,—*“That the capacity of a sphere is the same as that of
a circular plane of equal area, into which we may suppose it to be
expanded;” and, “that a spherical conductor, either hollow or solid,
and a plate of equal area, have the same electrical capacity,” a con-
clusion not opposed to Coulomb’s own experiments. Lastly, from an
experimental examination of the indications of the proof plane, Sir
William has come to the conclusion that the quantity of Electricity
taken from the surface of a charged body by a small insulated disc of
considerable thickness, may be greatly influenced by the position of
the point of application, independently of the quantity of Electricity;
so that the same quantity may possibly exist in two different points
and yet the proof plane become charged in a different ratio, the
induetive power of the plate being different in these points.
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CHAPTER TII.
Induction~—Distribution—Condensers and Multipliers.

(70) Induction.—Amongst the earliest manifestations of the pheno-
mena of . Electricity, effects were rendered apparent which proved that
contact between two bodies was not absolutely requisite to cause them
to assume the electrical state; but, on the contrary, it was found that
the force or agency operates at a distance, producing distinet mechanical
effects. = Thus an electrified body, or an excited rod of glass, or sealing-
wax, when brought near to bits of .paper, feathers, or other light
substances, eauses them to move towards it, and if presented to a
small suspended unelectrified ball, it draws it aside from the vertical
position.

Supposing a plth-ball to be insulated by a filament of silk and
electrified, we know by experience that if another similar but unelee-
trified pith-ball be brought near, an attractive force will be exhibited ;
but if it be true that there exists no attraction between the Electricity
diffused on the pith-ball and the matter of the pith, how can it be
imagined that there should exist any attraction between it and the
other pith-ball ? But yet the attractive effects are certain; how, then,
are they to be explained ?

(71) Let us first examine the condition of fixed bodies:—Let d a ¢,
Fig. 14, be a conducting body, such as ;
a cylinder of brass, supported on a glass
stand, and furnished with a pith-ball @
Electroscope, and let ¢ be an excited
glass tube. On approaching this tube
within about six inches distant from d,
the pith-balls will instantly separate,
indicating the presence of free Elec-
tricity. Now, in this case the electric
e has not been brought sufficiently near
to the conducting body to communicate 2
to it a portion of Electricity, and the moment that it is removed to
a considerable distance the balls fall together, and appear unelectrified ;
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on approaching ¢ to d the balls again diverge, and so on. The fact
is, this is a case of what is termed énduction, the positive Electricity of
e decomposes the neutral and latent combination in & & ¢, attracting
the negative towards d, and repelling the positive towards e, and the
balls consequently diverge, being positively electrified. ~On removing
e the force which separated the two Electricities in 4 a ¢ is removed,
the separated elements re-unite, neutrality is restored, and the pith-
balls fall together. The Electricity of ¢ induces a change in the
electric state of d e.

Fig. 15, In Fig. 15, suppose s 8" to be
two metallic insulated spheres,
and @ o an insulated metallic
- conductor; suppose s to be
strongly charged with positive,
and s” with negative Electricity,
and placed in the position re-
presented in the figure. If a o’
be examined by means of an

=== Electrometer, it will be found
that the only part which is free from Electricity is the centre o, that
half of the conductor extending from o to @ is electrified negatively,
and that half extending from o to o is electrified positively. The
intensities of the opposite electricities at the extremities will be found
to be equal, and at any points equally distant from the centre, as p p/,
the depths of the electric fluid will be equal, and the electric state of
each half may be correctly represented by the ordinates p m, p” m’ of
two branches of a curve which are precisely similar and equal.

Fig. 16. In Fig. 16, suppose A A’ to be a conductor,
and the curves of the circles R R’ those branches
the ordinates of which represent the densities of
the Electricity induced upon it by the spheres
s &' (Fig. 15) ; by gradually removing these in an
equal manner, the curves will become less and
less concave, and the ordinates correctly re-
present the diminished density. But if the
spheres be made to approach the conductor,

3 the accumulation of Electricity towards the ex-
tremities Wlll be increased, and the curve representing the electrical
densities will take the form shown in the lower figure.

These results strongly favour the idea of the existence of two electric
fluids, uniformly distributed in equal proportions over a body in its
natural state, and the conductor comports itself exactly as it theoretically
should do when charged with equal quantities of the contrary electricities.
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(72) We have seen that a rod of excited glass, when approached
to one extremity of an insulated conductor, causes the pith-balls,
suspended from the other end, to diverge. Now, on examining the
conductor, it is found that the end nearest the positively excited
electric has become negative, and the opposite end positive, while an
intermediate zone is neutral and unelectrified. An examination of
the electrical condition of a conductor while under the influence of
induction, may be made in an easy and satisfactory manner by the
apparatus shown in Fig. 17. .

Fig. 17.

Let A be a cylindrical conductor five or six inches long and about
three inches in diameter, and let & and ¢ be two thin metallic discs,
each insulated and of such a size as to fit accurately the ends of the
conductor, so that, when in their places, the whole system may
represent one conducting surface. Now, having given a metallic -
ball a charge of positive Electricity, suspend it by a silk thread,
at a distance of about two inches from the cylinder. Next remove
the disc, b, by its insulating handle, and test its electrical condition,
it will be found to be negative; then remove and examine ¢, it will be

found to be positive. Again, let two metallic cylinders, b ¢, d ¢, Fig.
18, be placed within an inch or more of each other in a right line;
b ¢ must be insulated, but the end ¢ of d ¢ may be connected with
the earth by a wire; let feathers or light pith-balls be suspended by
linen threads from & ¢ and d; on now bringing an excited glass tube,
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a, within three or four inches of & ¢, the feather or ball hanging from
b will be attracted, at the same time those suspended from ¢ and & will
rush together.

Let P N, Fig. 19, be two hemlspheres of wood, covered with tin-foil,

Fig. 19. mounted on rods of varnished glass, and standing on
wooden feet, so that they may be placed in contact
P& x with each other, as shown in Fig. 19; while thus in
X eontact approach them with an excited glass rod, and
% then remove it, the hemispheres will not be found to
have acquired any electrical charge. Now vary the
experiment by separating the two hemispheres; while
under the influence of the excited electric, and on
examining them by the Electroscope, Fig. 8, each
will be found electrified, that nearest the glass rod
pl pis with negative, and the other with positive Electricity.
% 1t is scarcely necessary to say that in the separation
of the hemispheres from each other, care must be taken to preserve
their insulated condition.

(78) By the following striking experiment the operation of the
electric force at a distance may be made manifest in a large room.
Arrange a long insulated eylindrical conductor, with one extremity
about a quarter of an inch from a jet from which a gentle stream of
gas is escaping, approach suddenly towards the other end a well-excited
glass tube, the gas will seldom fail to become inflamed; whilst the
excited tube is still in the immediate vicinity of the conductor extin-
guish the flame, then suddenly withdraw the tube, and the gas will
generally be re-inflamed.

(74) From these experiments it appears that the electrical disturb-
ance of a neutral body by the proximity of an eleetrified body is only
of a temporary nature, all signs of excitement disappear immediately
the charged body is removed. TLet us, however, introduce a little
variation into the conditions of the experiments. 'Whilst the conductor, '
Fig. 14, is under the influence of the excited glass, let it be touched
with the finger, the pith-balls will instantly collapse, because the positive
Electricity with which they were divergent has acquired through the
finger, from the earth, a corresponding supply of negative Electricity ,
the matural negative FElectricity, however, of the conductor is still
retained at the opposite extremity by the attractive influence of the
glass. On now removing, first the finger, and then the glass tube, the
pith-balls will again open, and will remain divergent, because the natural
negative Electricity of the conductor being relieved from the inducing
influence of the glass tube, will now become expanded over the whole
conductor—the pith-balls are now diverging with negative Electricity.

(=




INDUCTION—THE ELECTROPHORUS. 47

(75) It is precisely in this way that we communicate a permanent
charge to the gold leaf Electroscope

If a positive charge is required, an excited stick of wax is ap-

proached to the cap of the instrument, which is then touched with
the finger; again insulated, and the wax immediately removed. To
communicate a negative charge, an excited tube of glass is substituted
for the wax, and the manipulations are the same as before. The
instrument with Singer’s improvement, Fig. 8, will, when dry and warm,
retain a charge thus given to it for several hours, but certain pre-
cautions necessary to be observed in interpreting its indications are
thus described by Faraday (Chem. Manip., p. 437) :—* Suppose it is
desired to ascertain the kind of Electricity by which the leaves of the
Electroscope are diverged, we may employ either a stick of excited wax or
a tube of excited glass; the divergence will increase if due to Electricity
of the same kind as that of the electric approached, but will diminish
if of the opposite kind ; but in applying these excited rods some pre-
cantion is required. They must be excited at such a distance from the
instrument as to have no influence over it, and their effect on the leaves
watched as they are gradually approached towards the cap. It is the
Jirst effect that indicates the kind of Electricity in the instrument, and
not any stronger one, for, although if the repulsion be increased from
the first no nearer approach will cause a collapse to take place, except
the actual discharge of the leaves against the sides of the glass; yet
where collapse is the first effect it may soon be completed, and repulsion
afterwards occasioned from a too near approach of the strongly excited
tube. It is, therefore, the first visible effect that occurs as the test rod
18 made to approach from a distance, that indicates the mature of the
Electricity ; and when this effect is observed, the rod should not be
brought nearer, so as permanently to disturb the state of the Electro-
scope, but should be removed to a distance, and again approached for
the purpose of repeating and verifying the preceding observation. The
instrument will thus undergo no permanent change in its Electricity,
remaining, after a good experiment, in the same state as at first.”

(76) A very instructive and useful instrument, depending on inductive
action, is the Electrophorus, Fig. 20. It consists of three parts—a cake
of resinous matter, composed of shell-lac, ten parts; common resin, three
parts; white wax, two parts; Venice turpentine, two parts; pitch, half
a part; or, as Pfaff recommends, resin, eight parts; gum lae, one part ;
Venice turpentine, one part ; the materials are melted at a gentle heat;
a conducting plate or sole, which is a circular metallic plate with a rim
about a quarter of an inch deep round the edge, into which the compo-
sition is poured, and a cover which is of metal, provided with a glass
handle.
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Fig. 20.

To use it, the resinous plate is excited by holding it in' the hand in a
slanting direction, and striking it briskly several times with a piece of
dry warm fur or flannel, or with a warm silk handkerchief; the cover is
then laid on, and on removing it by its insulating handle, it is found to
have acquired a feeble charge of negative Electricity by the contact.
Let the metallic plate be re-placed, and wninsulated by touching it with
the finger, and on again lifting it by its handle, it will be found to give
a strong spark of positive Electricity. The process may be repeated an
unlimited number of times without any fresh excitation of the plate
being required, and indeed after being once excited, a spark may be
obtained from it during many weeks, if kept in a dry place, since the
resin acts solely by its inductive influence on the combined Electricities -
actually present in the plate.

(77) It will not be difficult at once to comprehend this. When the
metallic plate is placed on the excited resin, its contact with it is,
on account of the inequalities on the surface of the latter, very
imperfect. It is therefore in a condition analogous to that of a eon-
ductor, under the influence of an electrified surface, its lower surface
becoming positive, and its upper surface negative, by induction. When
it is removed from the resin the separated Electricities re-unite; but
" when the plate is uninsulated, while in contact with the resin, the
repelled negative Electricity is neutralised by a corresponding quantity
of positive Electricity from the earth, and the plate becomes positively
charged. It is thus clear that the Electricity of the moveable plate is
derived not in the way of charge from the resin, but is the result of the
process of induction.

The figure represents Mr. John Phillips’s modification of the Electro-
phorus, the object of which is to avoid the trouble and tediousness of
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establishing a communication between the insulated eover and the earth,
by means of the finger, when electrical accumulation, or sparks in rapid
succession, is the object. Three methads are proposed : the first consists
in raising from the metallic basis above the edge of the resin, a brass
ball and wire, to which the edge of the cover, or a brass.ball upon it,
may be applied ; this method is stated to act very well, especially with
small covers, which can with ease and certainty be directed to any
particular point of the sole.. The second is to fix a narrow slip of
tin-foil 3, quite across the surface of the resinous plate, and. unite it at
each end with the metallic basis.. This construction answers perfectly
and instantaneously, and is very eonvenient with large circles, the covers
of which, though uneven, will then be sure to touch some conducting
point. The third method is to perforate the resinous plate quite through
to the metallic basis, at the centre, and any other points, and at all those
points to insert brass wires, ¢, ¢, ¢, with their tops level with the resin.
The latter of these methods is preferred, and Mr. Phillips deseribes an
instrument constructed on this principle, with a cast-iran basis 20'5
inches in diameter, resinous. surface 19-75.inches, and cover. 16:25 inches,
which yields loud and flashing sparks two inches long, and speedily
charges considerable jars. The cover can be easily, charged. from fifty to
one hundred times in a minute by merely setting it down and lifting it
up, as fast as the operator chooses, or as the hand can work. In
charging a jar or plate, one knob of the connecting rod is placed near
the insulated surface of the jar, and the other some. inches above the
cover, which is alternately lifted up and set down, and. the jar is thus
very quickly charged.

A very useful modification of the Electrophorus of Velta is made by
coating a thin pane of glass on one side with tin-foil to within about
two inches of the edge, placing it with the coated. side on the table;
the other side is to be excited by friction by a piece of silk covered
with amalgam, then carefully lifting the glass by one corner, place it on
a badly conducting surface, as a smooth table, or the cover of a book,
with the wncoated side downwards. Touch the tin-foil with the finger,
then carefully elevate the plate with one corner, and a vivid spark will
dart from the coating to any conducting body near it :. re-place the plate,
touch it, again elevate it, and a second spark will be produced. By this
means an electric Leyden jar may speedily be charged. This modifi-
cation of the Electrophorus, or Electrolasmus, as it is called by its
inventor, Dr. Golding Bird, is a very useful instrument in the chemical
laboratory. {

(78) It was by an apparatus constructed on. the prineiples of
the Electrophorus that Faraday succeeded in. demonstrating that
induction is essentially o physical action, occurring befween contiguous

bo)
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particles, never taking place at a distance without polarizing the mole-
cules of the intervening dielectric.

When an excited glass tube is brought near an insulated conductor
in ‘which the electric equilibrium is shown to be disturbed by the
divergence of pith-balls, we are not to suppose that the disturbance
is occasioned by an action at a distance: for it has been shown by
Faraday that the intervening dielectric @ir has its particles arranged
in a manner analogous to those of the conductor, by the inducing
influence of the glass tube. The theory of induction depending upon
an action between contiguous molecules, is supported by the fact which
would otherwise be totally inexplicable, that a slender rod of glass or
resin, when excited by friction and placed in contact with an insulated
sphere of metal, is capable of decomposing the Electricity of the latter
by induction most completely, even at the point of the ball equi-distant
from the rod, and consequently, incapable of being eonnected with it
in a right line: so that it must either be concluded that induction is
exerted in curved lines, or propagated through the intervention of
contiguous particles. Now as no radiant simple force can act in curved
lines, except under the coercing influénce of a second force, we are
almost compelled to adopt the view of .induction acting through the
medium of contiguous particles.

The apparatus employed by Faraday is shown in Figs. 21 and 22.
Tt consists of a shell-lac Electrophorus, on the top of which is placed
a brass ball; the charge on the surface of which is examined by the

Fig. 21.  carrier ball of Coulomb’s Electrometer (56). It was always
found to be positive. "When contact was made at the under
part of the ball, as at (d) Fig. 21, the measured degree of
force was 512°; when in a line with its equator, as at (c),
270°; and when at the top of the ball, as at (), 130°. Now,
the two first charges are of such a nature as might be ex-
pected from an inductive action in straight lines; but the
last is clearly an action of ndwction in a curved line, for
during no part of the process could the carrier ball be con-
nected in a straight line with any part of the inducing shell-
lac. Indeed, when the carrier ball was placed by Faraday
not in contact with the inducteous body at all, as at (e), it
was found to be charged to a higher degree than when it
had been in contact ; and at (2) it was affected in the highest
degree, having a result above 1600°.

‘When a disc or hemisphere of metal was employed, as in
Fig. 22, no charge could be given to the carrier when placed on its
centre ; but when placed considerably above the same spot, a charge
was obtained, and this even when a thin film of gold leaf was employed ;
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at (z) the force was 112° at (&) 108° at (7) 65° at (m)

5°; the inductive force gradually diminishing to this point.
But on raising the carrier to (), the charge increased to
87°; and on raising it still higher, to (o), it still further €&
inereased to 105°. At a higher point still (p), the charge
decreased to 98° and continued to diminish for more
elevated positions.

(79) On reflecting upon these beautiful experimental re-
sults, it seems impossible to resist the conclusion that induction
is not through the metal, but through the air, in curved
lines, and that it is an action of the contiguous particles
of the insulating body thrown into a state of polarity and
tension, and capable of communicating their forces in all
directions.

‘We must, in consequence of these decisive experiments,
therefore, take a new view of the electric force, and instead of considering
the electric fluid to be confined to the surfaces of the bodies by the
mechanical pressure of the non-conducting air, which was the opinion
previously entertained, we must consider the force originating or
appearing at a certain place to be propagated to, and sustained at, a
distance, through the intervention of the contiguous particles of the
air, each of which becomes polarized, as in the case of insulating
conducting masses, and appears in the inducteous body as a foree of

-the same kind, exactly equal in amount, but opposite in its direction

and tendencies. Thus, suppose P, Fig. 23, to be a positively charged
Fig. 23.
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body, and N P a previously neutral body at a distance, the action at
P is transferred to N P, through the medium of intervening molecules,
each of which becomes eleetro-polar, or disposed in an alternate series
of positive and negative poles, as indicated by the series of black and
white hemispheres.

Again, let three insulated metallic spheres, A, B, C, be placed in a line,

Fig. 24.
P \ N
A B [

and not in contact; let A be electrified positively, and then C uninsulated;
under these circumstances B will acquire the negative state at the surface
E 2
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towards A, and the positive state at the surface furthest from it, and C
will be charged negatively. The ball B will be in what is called a polar-
ized condition, <. e., its opposite parts will exhibit the opposite electrical
states, and the two sums of these opposite states will be exactly equal
to each other. A and C will not be in this polarized state, for they will
be, as it is said, charged, the one positively and the other negatively.

(80) The mechanism of inductive action, and the practical demonstra-
tion of the fact, that it is from molecule to molecule of any substance,
gaseous or solid, that the decomposition of the natural Electricities
alone can take place, may be beautifully shown by plunging in a vessel
of oil of turpentine (which is an excellent fluid insulator), two brass
balls, of which one is in connexion with an electrical machine and the
other with the ground. On turning the machine, the latter becomes
excited by induction. If now a number of short shreds of sewing silk
be mixed with the oil of turpentine, the mechanism of the inductive
action is shown by the little bits of silk attaching themselves mutually
by their extremities, by which they transmit the Electricity of the
machine, by a series of decompositions, to the ball which is connected
with the ground. If the excitation be very violent, the attractions and
repulsions become too strong to be regularly transmitted, and this
induction is accompanied by a powerful current of the particles of the
oil from the first ball to the second. The particles immediately in
contact with the directly excited ball acquire its state, and being
repelled, immediately pass off to that which has obtained by induction
the opposite condition, and those become neutralized. Now what here
occurs with the oil of turpentine takes place in ordinary induction
with the air; every molecule of 1t interposed between the solid bodies
becomes itself subjected to the inductive action, and forms a chain
of alternate positive and negative poles, by which the effect may be
transmitted to any distance. If the excitation be very great, the
neutralization may occur with violence and rapidity, and generate
currents as in the oil of turpenting. It is these currents which,
being produced by the repulsion of the particles of air from excited
points, are rendered sensible in the effect termed the electrical aura,
and are shown by the experiment of revolving flies.

(81) The following experiments have been also adduced by Faraday
(London and Edinburgh Phil. Mag., 1843, vol. xxii.), as giving a very
precise and decided idea to the mind respecting certain principles of
inductive electrical action, and as the expression and proof of certain
parts of his view.

Let A, Fig. 25, represent an insulated pewter ice-pail, ten and a half
inches high and seven inches in diameter, connected by a wire with a de-
licate gold leaf Electroscope, E, and let C be a round brass ball, insulated
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by a long dry thread of white silk ; let this ball be charged positively, and

introduced into A, as shown in the figure ;
the Electroscope, E, will immediately di-
verge also with positive Electricity; on
removing C the leaves of the Electroscope
will collapse. As C enters A the diverg-
ence of E will increase, until C is about
three inches below the edge of the vessel,
and will remain quite steady and un-
changed for any greater depression. This
shows that at that distance the inductive
action of C is entirely exerted upon the
interior of A, and not in any degree
directly upon external objects. If C be

-

P

- Fig. 25,
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made to touch the bottom of A, @il its charge is communicated to A.
There is no longer any inductive action between C and A, and C,
upon being withdrawn and examined, is found perfectly discharged.
If C be merely suspended in A it acts upon it by induction, evolving
Electricity of its own kind on the outside of A ; but if C touch A
its Electricity is then communicated to it, and the Electricity that is
afterwards upon the outside of A may be considered as that which
was originally upon the ball C: as this change, however, produces no
effect upon the leaves of the Electroscope, it proves that the Electricity
in C and that snduced by C are accurately equal in amount and power.
Again, four ice-pails, each insulated by standing on a plate of lac, may
be placed one within the other, as shown in Fig. 26. "With this system
the ball, C, acts precisely as with a single vessel, so that the interven-

tion of many conducting plates causes
no difference in the amount of induetive
effect. If C touch the inside of 4 the
leaves are still unchanged. If 4 be re-
moved by a silk thread, the leaves per-
fectly collapse ; if it be introduced again,
they open out to the same extent as before.
If 4 and 8 be connected by a wire, let
down between them by a silk thread, the
leaves remain the same, and so they still
remain if 8 and 2 be connected by a
similar wire; yet. all the Electricity ori-
ginally on the carrier, and acting at a con-

Fig. 26.

siderable distance, is now on the outside of 2, and acting through only
a small non-conducting space. If at last it be connected with the
outside of 1, still the leaves remain unchanged. If in the place of the
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metallic vessels a thick vessel of shell-lac or sulphur be introduced, not
the slightest change in the divergence of the leaves of the Electroscope
is produced. “Hence,” says Faraday, «if a body be charged, whether
it be a particle or a mass, there is nothing about its action which can
at all consist with the idea of exaltation or extinction: the amount
of force is perfectly dcfinite and unchangeable; or to those who in
their minds represent the idea of the electric force by a fluid, there
ought to be no notion of the compression or condensation of the fluid
within itself, or of its coercibility, as some understand that phrase.
The only mode of affecting this forece is by connecting it with force
of the same kind, either in the same or the contrary direction. If we
oppose to it force of the contrary kind, we may, by discharge, neutralize
the original force, or we may, without discharge, connect them by the
simple laws and principles of static induction ; but away from induction,
which is always of the same kind, there is no other state of the power
in a charged body, that is, there is no state of static electric force
corresponding to the terms of simulated, or disquised, or latent Elec-
tricity, away from the ordinary principles of inductive action: mor is
there any case where the Electricity is more latent or more disguised
than when it exists upon the charged conductor of an electrical machine,
and is ready to give a powerful spark to any body brought near #.”
(82) Thus there is hardly any electric phenomenon in which in-
ductive action does not come into play. When light substances are
attracted by excited glass or wax, it is in consequence of the disturbance
of their natural electrical states: in the one case, the positive fluid
being repelled and the negative attracted, and in the other, the negative
fluid being repelled and the positive attracted. The following experi-
ment illustrates this development of Electricity by induction in an
interesting manner. Support a pane of dry and warm window glass,
about an inch from the table, by means of blocks of wood or two
books, and place beneath it several pieces of paper or pith-balls.
Excite the upper surface by friction with a silk handkerchief, the
Electricity of the glass becomes decomposed, its negative fluid adhering
to the silk, and its positive to the upper: surface of the glass plate.
This, by induction, acts upon the lower surface of the glass, repelling
its positive Electricity, and attracting its negative. The lower surface
of the glass thus becoming virtually electrified by induction through
its substance, attracts and repels alternately the light bodies placed
beneath it, in a similar manner with the excited tube. The state of a
body when under the influence of a distant electric is called induced
Electricity. The originally active body is called the snductric, and
that under its influence the énducteous; thus, in the last figure, A
is the inductric and C the énducteous body, the electrical state of the
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latter being sustained through the intervention of the intermediate
and polarized ball, B. ¢ All charge,” says Faraday (Hz. Research.,
series xi., p. 1178), “is sustained by induction. All phenomena of
intensity include the principle of induction. All ezcitation is dependent
on, or directly related to, induction.. INpvcTION appears to be the
essential function, both in the first development and the consequent
phenomena of Electricity.”

(83) But Faraday’s theory of induction does not rely on the pola-
rization of matter in the ordinary acceptation of that term. It contem-
plates something much more refined, dealing rather with the powers or
Jorces which in the generally received view of the atomic constitution
of matter are associated with the material atom, giving to it its charac-
teristic effects and properties. Indeed he sees-a difficulty in reeonciling
that view of the nature of matter, according to which it consists of little
impenetrable nuclei of solidity with superadded powers, with certain
facts connected with electrical conduction. According to this view the
particles of matter do not actually touch each other, the only thing in a
mass of gross matter which is continuous being space, and this must be
considered as permeating it in every direction, like a net. Thus, taking
the cases of a conductor of Electricity, a metal for instance, and a
non-conductor of Electricity, as a piece of shell-lac, we are ecompelled
to admit that space is both a conductor and an insulator, a conclusion
which Faraday thinks must falsify the ground of reasoning which tends
to it, and he perceives great contradictions in the general conclusions
which flow from the view that matter is composed of atoms more or less
apart from each other, with intervening spaces. IHe is disposed rather
to adopt the theory of Boscovich, according to which atoms are mere
centres of forces or powers, not particles of matter in which the powers
themselves reside ; and if we take such atoms to be indefinitely small,
then the particle of matter away from the powers becomes a mere
mathematical point, may vanish altogether, and the powers or forces
constitute the substance ; and these powers or forces may be conceived
to pervade all space, and to penetrate everything we call matter. It
may be difficult at first to think of the powers of matter, independent of
a separate something to be called the maiter ; but it is more difficult, .
and indeed impossible, to think of or to imagine that matter is inde-
pendent of the powers ; the powers we know and recognise in every
phenomenon of the creation, the abstract matter in none. Faraday’s
theory of induction is therefore limited to mere powers or forces, and
particles of common matter taken as centres of force are more or less
conducting. A particle in its quiescent state is not polar as repre-
sented in B, Fig. 24, but under the influence of other charged particles
it becomes 0 ; it is then in: a forced or constrained condition. When
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this forced or polar condition is readily assumed it is readily destroyed,
and conduction is the result ; when the contiguous particles communicate
their forces less readily, insulation, more or less perfect,is the consequence;
and the action of a charged body on insulating matter is snduction.

(84) Distribution of Electricity.—When a body receives a charge of
Electricity the charge does not, as in the case of heat, diffuse itself
throughout the whole of its substance, but is confined entirely to its
surface ; from this it follows that a ball formed of any material will be
equally electrified whether it be solid or hollow, and, if it be hollow, the
amount of Electricity will be the same, whether the shell of matter of
which it is formed be thick: or thin.

To demonstrate practically the distribution of Electricity on the
surface of a conductor, the following apparatus was contrived by Biot.
A sphere of conducting matter
a, is insulated by a silk thread,
and two thin hollow covers &
b, made of gilt paper or tin,
thin paper or copper, are pro-
vided with glass handles ¢ ¢,
and correspond with the shape
and magnitude of the conductor. The sphere a is electrified, and the
covers are then applied, being held by the glass handles. After with-
drawing them from @, they are found tobe charged with the same kind
of Electricity as was communicated to @, which will be found to have
lost the whole of its charge, proving that it resided on the surface only.

This experiment will not succeed unless the covers be withdrawn
rapidly and simultaneously, otherwise the charge will, during the
removal of the envelopes, expand over @, and thus vitiate the result.
The original experiment of Cavendish is far less precarious. The
insulated globe was so much smaller than the hemispherical envelopes as
to leave a space of about half an inch between them; atemporary con-
ducting communication was established between the inner and outer
spheres, by means of a short brass wire attached to an insulating silk
thread, by which the wire could be easily removed. An electrical
charge was communicated to the outer globe, in which case it is evident
that if any part of the charge had a tendency to pervade the system as
a mass, it could freely do so by means of the conducting wire; but on
examination it was found that on removing the hemispheres by their
insulating supports the inner globe did not exhibit any signs of Elec-
tricity, fully proving the tendency of Electricity to the surface. Again,
the envelopes of the globe being removed, the latter may be charged
with either positive or negative Electricity, and the covers being
re-placed, a temporary communication may be established between the
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inner and outer spheres, by means of a wire attached to a rod of unvar-
nished glass ; on now removing the wire, and drawing back the hemi-
spheres, the whole of the charge will be found upon them, and none
whatever upon the originally charged interior globe.

In Fig. 28 another of Biot’s experi- Fig. 28.
ments is illustrated. A B is an insu-
lated cylinder, moveable round a hori-
zontal axis, which may be turned by a
glass handle H. Around the eylinder
there is wound a metallic riband C D,
to the end of which is attached the
sitk cord ¥. This apparatus is made to
communicate with a pith-ball Electro-
scope E; when the riband is electrified
the balls of the Electroscope diverge;
npon unrolling it by pulling the silk
thread at F, the balls gradually collapse,
indicating a diminution of electrical
charge, and if the riband be sufficiently
long,compared with the electrical charge
given to the apparatus, they will entirely
collapse, but will again diverge on re-rolling the riband on the cylinder.

This experiment is a modification of one made
long since by Franklin. The apparatus employed l
by that philosopher is shown in Fig. 29, and |
consisted simply of a metallic' can and chain,
insulated on a varnished glass pillar. A pair of
pith-balls suspended by linen threads was hung
on a wire projecting from the can. On elec-
trifying the can by an excited glassrod, the balls
diverge to a certain extent; on lifting up one end
of the coiled chain by the silk thread s, and
drawing it gradually out of the can, the diverg-
ency of the balls lessens, and finally becomes
scarcely perceptible ; on now again dropping the
chain gradually into the can, the balls again
begin to diverge, and the divergence increases
till the whole of the chain has been returned,
when it is nearly as great as at first.

(85) The permanent residence of a charge on
the external surface without regard to the nature
of this surface is beautifully illustrated also by
the following experiments of Faraday.

Fig. 29,
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1°. A cylinder of wire gauze is placed on an insulating stand, and a
small charge of Electricity communicated to its inner surface by means
of a carrier ball; a Coulomb’s proof plane is now applied to abstract a
portion of this charge for testing; none can however be obtained, the
whole being found on the outside of the gauze notwithstanding the free
and open access between the sides.

Fig. 30. 20, A conical muslin bag,
stiff enough to preserve its
form, is attached to a metallic
hoop insulated on a varnished
glass rod, and placed in a hori-
zortal position, as shown in
Fig. 80; a charge of Elee-
tricity is conveyed to the bag
by means of a carrier ball, the
Electricity arranges itself on
theoutsideof thecone; the cone
is now drawn inside out by
means of a silk thread, so that
the surface of the muslin which before formed the inner now forms the
outer superficies ; on applying the proof plane it is found that the charge
has passed from one surface of the muslin to the other, in order still to be
on the outside. This experiment may be varied thus:—A net of black

Fig. 31. ~ thread is attached to a metallic hoop

— > provided with an insulating handle, the
lower end of the net is gathered round

a circular metallic plate somewhat
smaller than the hoop, so as to form a
bag, an electrical charge. is transferred
by a carrier ball to the inside of the bag, the ball being made to touch the
metallic plate, the charge is found arranged as before on the outside ;
by a dexterous movement of the hand the bag may be now turned inside
out, upon which it will be found that the charge has followed the motion
of the bag, and is still arranged on the outer 'surface. The experiments
with the ice-pails (Fig. 26) are also beautiful illustrations of the deter-
mination of a charge to the surface of conductors, and the phenomena are
in exact accordance with the corpuscular view of induction set forth by
Faraday : “ All charge of conductors is on their surface, because, being
essentially inductive, it is there only that the medium capable of
sustaining the necessary induective state begins. If the conductors
are hollow, and contain air or any other dielectric, still no charge
can appear upon that internal surface, because the dielectric there
cannot assume the polarised state throughout in consequence of the
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opposing actions in different directions.” (Ew. Research, series xi., p.
1301.)

(86) But the grandest experiment of this kind was that conducted
by Faraday in the lecture room of the Royal Institution, his objeet
being to ascertain whether air could be charged bodily with either kind
of FElectricity—whether Electricity could exist separate from matter:
“T earried on these experiments with air to a very great extent. I had.
a chamber built, being a cube of twelve feet. A slight cubical wooden
frame was constructed, and copper wire passed along and across it in
various directions, so as to make the sides a large net-work, and then
all was covered in with paper, placed in close connexion with the wires,
and supplied in every direction with bands of tin-foil, that the whole
might be brought into good metallic communication, and rendered a
free conductor in every part. This chamber was insulated in the
lecture room of the Royal Institution; a glass tube about six feet in
length was passed through its side, leaving about four feet within and
two fect on the outside, and through this a wire passed from a large
electrical machine to the air within. By working the machine the air
in this chamber could be brought into what is considered a highly
electrified state (béing, in fact, the same state as that of the air of a
room in which a powerful machine is in operation), and at the same
time the outside of the insulated cube was everywhere strongly charged.
But putting the chamber in communication with a discharging train,
and working the machine so as to bring the air within to its utmost
degree of charge, if I quickly cut off the connexion with the machine,
and at the same moment, or instantly after, insulated the cube, the air
within had not the least power to eommunicate a further charge to it.
If any portion of the air was electrified it was accompanied by a
corresponding opposite action within the tube, the whole effect being
merely a case of induction. Every attempt to charge air bodily and
independently with the least portion of either Electricity failed.

“T put a delicate Electrometer within the cube, and then charged
the whole by an outside communication, very strongly, for some time
together ; but neither during the charge, or after the discharge, did the
Electrometer or air within show the least signs of Electricity. I
charged and discharged the whole arrangement in various ways, but in
no case could I obtain the least indication of an absolute charge, or of
one by induction in which the Electricity of one kind had the smallest
superiority in quantity over the other. I went into the cube and lived
in it, and using lighted candles, Electrometers, and all other tests of
electrical states, T could not find the least influence upon them, though all
the time the outside of the cube was powerfully charged, and large sparks
and brushes were darting off from every part of its outer surface. The
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conclusion I have come to is, that non-conductors, as well as con-
ductors, have never yet had an absolute and independent charge of one
Electricity communicated to them, and that to all appearance such a
state of matter is impossible.”” (Ez. Research., series xi. 1173—4.)

(87) But though Electricity may be considered as confined to the
surfaces of bodies, its intensity is not on every part the same. On
a sphere, of course, the symmetry of the figure renders the uniform
distribution of Electricity upon it inevitable; but if it be an oblong
spheroid, the intensity becomes very great at the poles, but feeble at
the equator. A still more rapid augmentation of Electricity at the
extremities takes place in bodies of a cylindric or prismatic form, and
the more so as their length bears a greater proportion to their breadth.
Coulomb insulated a circular cylinder, two inches in diameter and thirty
inches in length, of which the ends were hemispherical ; and on com-
paring the quantities of Electricity collected at the centre and at points
near the extremities, he obtained the following results:—at two inches
from the extremity the Electricity was to that at the centre as 11
to 1; at one inch from the extremity it was as 1% to 1; and at the
extremity it was as 2.% to 1. From the observations of the same
philosopher, it appears that the depth of the electric fluid on a
conductor always increases in rapid proportion in approaching the
edges, and that the effect is still more augmented at corners, which
may be regarded as two edges combined; the effect is still further
increased if any part of a conductor have the form of a‘point. In
his researches Coulomb employed the proof plane and his balance of
torsion; but as it has been rendered probable by the experiments of
Harris that an indefinitely thin carrier plate cannot be altogether
considered as an element of the surface of an electrified body to
which it is applied, that it does not, in fact, fairly represent the
actual amount of Electricity accumulated, it is possible that further
investigation may render it necessary to modify, to some extent, the
conclusions of the French mathematician.

(88) It was assumed also, by Coulomb, that the force which retains
Electricity on the surface of a conductor is the pressure of the atmo-
sphere, and the reason why it is impossible to accumulate any quantity
of Electricity on a conductor furnished with points is because the
depth of Electricity is there so much increased that the force of the
electric fluid exceeds the restraining pressure of the atmosphere. But
by adopting Faraday’s theory of induction, founded upon a molecular
action of the dielectric, we get rid of the necessity of associating two
such dissimilar things as the “ ponderous air and the subtile and even
hypothetical fluid or fluids of Electricity, by gross mechanical relations.”
“An electrified cvlinder is more affected by the influence of the surround-
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ing conductors (which complete the condition of charge), at the ends
than at the middle, because the ends are exposed to a greater sum of
inductive forces than the middle; and a point is brought to a higher
condition than a ball, because, by relation to the conductors around,
more inductive force terminates on its surface than on an equal surface
of the ball with which it is compared,” (Ez." Research., xii., par. 1302.)
The distribution of Electricity on the surface of an insulated sphere
is only uniform as long as it is surrounded by a dielectric of the
same specific inductive capacity, for when an electrified ball is partly
surrounded by air and partly by sulphur or lac, the Electricity is
diffused on it unequally, though the pressure of the atmosphere
remains perfectly unchanged. Again, it has been shown by Harris
(Pril. Trans., 1834), that an electrified ball, insulated under the
receiver of an air-pump, and connected with an Electroscope, undergoes
no change by withdrawing £5ths of the air, also that a charged Elec-
troscope, enclosed in an air-tight bulb and placed under a receiver,
retains its charge unaltered when $§ths of the air is withdrawn, and
that the divergence of a well-insulated gold leaf Electroscope does
not diminish when the air of the receiver under which it is placed is
exhausted till only 3o th part remains.

(89) Condensers, multipliers—We are now prepared to understand
the rationale of those instruments which have been contrived for the
purpose of rendering evident very minute traces of Electricity. They
have received various forms, but they all depend on the following
considerations. If we communicate a charge of Electricity to an
insulated metallic cylinder, provided at either end with a strip of gold
. leaf, as an Electroscope, the equal divergence of the two leaves will
show the equality of the distribution of the Electricity at the two ends
of the conductor. If we now bring near to one end of the electrified
cylinder another similar cylinder, unelectrified and in free communica-
tion with the earth, we shall observe a remarkable disturbance to take
place in the electrical condition of the cylinder: the gold leaf at the
extremity nearest the second cylinder will become much more divergent,
while the repellent effect of the other will be greatly diminished, and
even reduced almost to nothing. On removing the uninsulated cylinder,
the divergence of the two leaves will again become equal, and we may
further observe that the nearer the neutral conductor is brought to the
electrified one the greater the difference in the repellent power of the
two leaves. Now, bearing in mind that “all charge is sustained by
induction,” we must consider the divergence of the gold leaves on
the electrified conductor to be occasioned, not by any direct repulsive
power exerted on them by the cylinder, but in consequence of in-
duction through the air towards distant surrounding objects. When,
therefore, a conducting bodv is brought verv near to the insulated
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electrified cylinder, induction is almost wholly directed through the
air to it; if the second cylinder be insulated it will itself become
electro-polar, but if it be in direct communication with the earth the
Electricity of the same kind with that of the first eylinder will become
virbually annihilated, by diffusion over the earth, and it will itself
sustain nearly the whole of the charge on the electrified cylinder,
hence the reason why the gold leaf nearest the second ecylinder
becomes more repellent than before and the other one less so. This
masking or apparent neutralizing of a portion of the charge on the
conductor, may be further shown by connecting the cylinder with the
gold leaf Electroscope (49), the leaves of which will begin to eollapse
the moment the second cylinder is made to approach the first. The
same fact may be still more simply shown without employing any
metallic conductors at all, by merely bringing the hand over and
close to the cap of the instrument, the charge on the cap and leaves,
previously sustained by surrounding objects, will now be sustained
nearly entirely by the hand alone, and the greater part of the charge
being now concentrated on the cap, the leaves will collapse.

(90) It is important to bear in mind that none of*the Electricity
with which the Electroscope was charged is lost in this experiment ;
it is only diverted from the leaves to the cap, as is proved by the
fact that when the hand is removed the divergence of the former
will, in a good experiment, return to its former extent. If now we
gubstitute for the cylinders a pair of metallic dises, precisely the same
results will be obtained.

Fig. 32.

Let E, Fig. 82, represent the cap and leaves of Singer’s arrangement
of Bennett’s Electroscope, and A B the end view of an insulated
metallic dise, connected with E by a metallic wire. On communicating
a small charge of Electricity to A B it will be diffused over E, and the
leaves will diverge to a certain extent; if we now approach A B with
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a second and precisely similar dise, A’ B’, in free communication with
the earth by the wire W, the leaves will gradually collapse, and when
the two dises are almost in eontact, the charge will be so far withdrawn
from E and concentrated on A B that the gold leaves will hang nearly
parallel ; let A’ B’ be now suddenly withdrawn to a distance, the
Electricity accumulated on A B being now relieved from the influence
of A’ B, will, in virtue of its expansive power, return and diffuse
itself over E, the leaves of which will immediately return to their
former state of divergence. Whilst the dise, A B, is under the in-
fluence of A’ B’, and the leaves of the Electroscope nearly converged,
let a second quantity of Electricity be communicated to A B, sufficient :
to cause a sensible divergence of the gold leaves, then let A” B’ be again
suddenly withdrawn, the leaves will now open to a considerable extent,
being influenced by the united forces of both the electrical charges
thrown on A B. This is in fact the principle of the electrical condenser,
originally invented by (Epinus, but brought into the service of electrical
science by Volta. “1It is,”” observes Dr. Lardner, “in the estimation
of small quantities of Electricity, analogous to the microscope in the
examination of visible objects, and it stands in the same relation to the
Electroscope as the compound microscope holds to the micrometer,
screw, and vernier in astronomical instruments.”’

(91) The laws regulating the inductive action of the discs on each
other, and the operation of the direct and reflected inductive forces,
have been investigated by Sir William Snow Harris, by some beautiful
experiments made with his hydrostatic balance (63), (Phil. Trans.,
1834, and Rudimentary Electricity, 101, et seq.) The quantity of
Electricity displaced from A’ B’ may be considered as the direct
induction of the plate A B. In order to measure this induction, the
wire connecting A’ B’ with the earth was removed, the plate itself
being in communication with the plate £ (Fig. 18) of the Electrometer,
which then indicated, in degrees, the resulting force at the distance
between the plates A B, A” B". These plates were then separated by
other distances, and it was found that the forces, in degrees, as expressed
by the Electrometer, were inversely as the squares of the distances between
the plates ; and as the quantity of Electricity is as the square roots of
the forces, it appears that the direct induced force is inversely as the
distance. The distances between the plates being constant and the
quantity of Electricity being varied, it was found that the induced
force was as the exciting Blectricity directly and as the distance in-
versely. 'When A’ B’ was insuwlated, then the direct induction was no
longer, as before, in a simple inverse ratio of the distances, but in
the inverse ratio of the square roots of the distances. The amounts of
reflected induction of A’ B" on A B were next ascertained ; they were
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distances between the plates, while, when A’ B’ was insulated, the
variation was as before, in the inverse ratio of the square roots of the
distances.
(92) The original condenser of Volta was constructed as represented
in Fig. 33. 1If consisted of two circular metallic discs, the surfaces of
Tig. 33. which were covered with a thin and uniform
coating of amber varnish ; the lower dise, B, was
supported on a metallic stand, B D, the upper
dise, A, called the collector, was provided with an
insulating handle, and a short wire terminating
in a metallic ball, E. The body, the Electricity
of which was to be investigated, was brought
into contact with E, the Electricity thus com-
municated to A, acting by induction through
the thin non-conductor on B, confined the Elec-
tricity of the opposite kind, repelling its similar
Electricity ; at the same time B, being in perfect
electrical communication with the earth, had a
constant supply of neutral Electricity conveyed
to it, which in its. turn underwent a similar decomposition. This process
lasted until the condenser had received the full charge answering to
its surface. The collector, A, being suddenly raised by its glass handle,
taking care to keep it parallel to the base, the Electricity accumulated
upon it could be transferred to an Electroscope for examination. The
plates may be placed vertically, and if made a foot or more in diameter are
very efficient and powerful. It is usual, however, to attach them at once
to the gold leaf Electrometer, in the manner shown in Fig. 34, where a
Fic. 34. represents the collecting plate and & the
: condenser, the brass stem of which is
attached to a hinge, by means of which
it ean be rapidly approached to and with-
drawn from a, in metallic connection with
the Electroscope. Sometimes the collect-
ing plate is screwed on the top of the
Electroscope, the condensing plate resting
upon it, and in communication with the
earth, and occasionally the ‘whole instru-
ment is inclosed in a glass case, a vessel of
quicklime being also inclosed to preserve
the glass from hygrometric moisture.
(93) An electrical condenser of remarkable delicacy was invented
by M. Peclet, and is.thus described by him (dnnales de Chimie et de
Physique, 7\Iay, 1840).—The appamtus consists of three gilded plates
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stand, furnished with adjusting screws, an eye-piece, and a portion
of a divided circle. It is shown in Fig. 85. The inferior plate, «,
Fig. 35.

IT

Z

is metallically connected with the gold leaves, as in ordinary condensers,
and is varnished on its upper surface alone. The plate b, which is placed
above, is furnished with an insulating handle, & ; it is varnished on both
sides but not at its circumference ; finally, the plate ¢ is pierced at its
centre by an orifice, through which passes the handle attached to the.
plate &; it is furnished with a cylinder of glass, ¢, serving to raise
it, and is only varnished on its lower surface. These three plates
are of ground 'glass, gilt, and then covered with many layers of
gum-lac varnish, The lower plate, a, is in metallic connection
with the two gold leaves, #, s, which are thin, narrow, parallel, and
arranged as in ordinary condensers; these leaves are placed within a
glass shade, large enough to allow the gold leaves to separate to their
fullest extent without touching it. On the bottom of the case are
fixed two plates of copper, ¢, o, destined to increase by their in-
fluence the divergence of the leaves, their height being so adjusted -
that the gold leaves may not, at any time, touch them. At the bottom
of the shade is placed a box, containing chloride of caleium, to dry the
air ; the shade rests on a stand furnished with serews, by means of
which the apparatus is rendered vertical. At one of the extremities
of this stand, %, is a rod, supporting a circular plate, 4, pierced at its
centre with a very small hole; the other extremity is furnished with
a section of a circle, %, divided into degrees; the heights of this
¥
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graduated piece and that of the centre of the plate i are so adjusted
that the line which joins the two centres is horizontal, and also passes
through the upper extremities of the gold leaves.

The instrument is used in the following manner :—the upper plate
is touched with a metal held in the hand, and the edge of the second
plate with the finger; the contacts are broken, the upper plate is
removed and the lowest touched; the upper plate is then returned,
and the same series of operations is several times repeated ; finally, the
two upper plates are removed by means of the rod 4; the gold leaves
diverge to a degree greater in proportion to the number of operations.

The rationale of the operation is this:—when the upper plate is
touched by a metal held in the hand and the second with the finger,
everything takes place as in the common condenser, the two plates
become charged with the contrary Electricities, but disguised. When
the first plate is removed these Electricities become free; but if the
third plate is touched with the finger, the latter becomes charged and
disguises the charge of the second ; if then the first plate is restored
to its place the second will be charged anew, and the charge may be
made to pass in the same manner to the third. It is evident that
if the Electricity of the upper plate did not dissipate itself it would
suffice to touch it but once with the metal held in the hand; but to
avoid the influence of that loss it is better to touch it at each operation.

To give an idea of the condensing power of this instrument the
following results are mentioned.—When the upper disc was touched
with an iron wire twice, thrice, four, five, and six times, the divergence

. of the gold leaves amounted to 93°, 20°, 25°, 81°, 41°, and 88°. 'When
the expériment was made with a platinum wire, freed from all ex-
traneous substances upon its surface by exposure to a red heat, and
held in the hand after it had been washed with distilled water, a single
contact indicated only a feeble divergence, but after three contacts it
rose to 15° and after twenty it amounted to 53° This experimental
demonstration of the existence of an electro-motory force between
platinum and gold, and which had previously been wanting, was also
obtained by M. Peclet with an ordinary condenser, the sensitiveness
of which was carried to the utmost limits.

It appears, from M. Peclet’s experiments with the double as well
as the single condenser, that all metals are positive with regard to gold,
and that in this respect their relative order is as follows,—zine, lead,
tin, bismuth, antimony, iron, silver, and platinum. Bismuth, antimony,
and iron behave so like each other that their order in the series eould
be made out in no other way than by a very frequent repetition of the

experiment.
(94) Of the various instruments that have been termed “ multipliers”’
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and “doublers” we shall only deseribe the multiplier of Cavallo, it
being very uncertain how far the indications of these instruments are
to be relied on, as, from their extreme sensibilitiy, they are liable to
induce a low state of excitation during the manipulations performed
with them, and thus to lead to equivocal results. Cavallo’s multiplier
is shown in Fig. 86. It consists of four metallic plates, A, B, C, D.
The disc A is insulated on a glass pillar rising from the wooden base;
B is also supported on a glass pillar fixed in a lever, E F, moving on
a pivot, E; C is supported by a glass pillar standing on the base; and
Fig. 36.
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D rises from a slider, &, and is uninsulated ; by means of this slider
C and B may be approached to and withdrawn from each other. A%
the back of B is fixed a metallic wire, H, which touches the metallic
pillar, K, when the distance between A and B amounts to about the
twentieth of an inch. The apparatus is used thus:—the body whose
Electricity is to be examined is brought into contact with A, and B
being, by the wire H, in communiecation, through K, with the earth,
acts as a condenser, and becomes charged with the contrary Electricity.
The lever, E F, is now inoved to the position indicated by the dotted
lines, and the contact between the wire, H, and the pillar, K, being
broken, the Electricity of the condenser, B, is prevented from escaping
to the earth, but is partly transferred to C, with which, by the motion
of the lever, B F, it is brought into contact. But the uninsulated dise,
D, acts as a condenser to C, and the consequence is, that nearly the
whole of the charge on B is attracted to C: the lever is now restored
to its former position and the process repeated, and may be continued
until C becomes so charged with Electricity, that it can receive no more
of the fluid from B; B is finally removed from A.

? F 2
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CHAPTER IV.
THE ELECTRICAL MACHINE.

Various forms of the glass electrical machine—The steam-electric machine—
Different forms of the disruptive discharge.

(95) Electrical machines.—The first apparatus that was constructed
for the exhibition of electrical phenomena, to which the name of electrical
machine was given, was the globe of sulphur used by Boyle and Otto
Guericke (4), with which they discovered electric light. The substi-
tution of glass for sulphur was made by Newton, the rubbers employed
in both cases being the hand of the operator. That important part of
the machine called the prime conductor was first introduced by Boze,
('), it consisted of an iron tube suspended by silken strings; and the
substitution of a cushion for applying friction in the place of the hand,
was first made by Winkler. Various were the forms now given to the
electrical machine, for descriptions of many of which the curious reader
is referred to Priestley’s compendious History of Electricity, 1769.
Dr. Watson’s machine consisted of four globes turned by the same
multiplying wheel, the Electricity being collected by one common con-
ductor, and Dr. Priestley seems to have been the first electrician who
employed a conductor supported by an insulating pillar, It was a hollow
vessel of polished copper in the form of a pear. The insulating support
was of baked wood, which was preferred to glass as being a better insu-
lator and less brittle. The conductor received its ¢ fire”” by means of a
long arched wire, or rod of very soft brass, easily bent into any shape,
and raised higher or lower as the globe required, and it terminated in
an open ring, in which were hung some sharp-pointed wires playing
lightly on the globe when in motion. The rubber consisted of a hollow
piece of copper filled with horse-hair, and covered with basil skin ; on it
was laid an amalgam made by rubbing together mercury and thin pieces
of lead or tin-foil on the palm of the hand, and then mixing it into a
paste with a little tallow. The electric was a glass globe with a single
neck enclosed in a deep brass cap, mounted in a frame of baked wood
and turned by a large multiplying wheel. The battery employed
by Priestley consisted of sixty-four flint green glass jars, each ten inches
long and two inches and a half in diameter ; the coated part of each
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was half a square foot ; the whole battery contained thirty-two square
feet. :

(96) The electrical machines now constructed are exceedingly
elegant pieces of philosophical apparatus, though they differ in form
and arrangement almost as widely as the somewhat clumsy machines of
the older electricians. There are two kinds of electrical machines in
general use, the cylindrical and the plate machine. The former is
shown in Fig. 87. It consists Fig. 37.
of a hollow cylinder of glass,
supported on brass bearings,
which revolve in upright
pieces of wood attached to a
rectangular ' base; a cushion
of leather stuffed with horse-
hair, and fixed to a pillar of
glass, furnished with a screw
to regulate the degree of
pressure on the cylinder; a
cylinder of metal or wood
covered with tin-foil, mounted
on a glass stand, and termi-
nated on one side by a series
of points to draw the Electricity from the glass, and on the other side
by a brass ball. In order to keep the rubber and conductor warm and
dry, Mr. Ronalds suggested in 1823 to. support them on hollow glass
tubes underneath which small lamps are placed. A more uniform
temperature may however be obtained by placing underneath the
cylinder a plate of metal about 6 inches square, and keeping it heated’
by an argand lamp. A flap of oiled silk is attached to the rubber to
prevent the dissipation of the Electricity from the surface of the
cylinder before it reaches the points. On turning the cylinder, the
friction of the cushion occasions the evolution of Electricity, but the
production is not sufficiently rapid or abundant without the aid of a
more effective exciter, which experience has shown to be a metallic’
substance. The surface of the leather cushion is therefore smeared with
certain amalgams of metals, which thus become the real rubbers. The
amalgam employed by Canton consisted of two' parts of mercury
and one of tin, with the addition of a little chalk. Singer proposed a
compound of two parts by weight of zine, and one of tin; and Pfister
a mixture of two parts tin, three zinc, and four mercury, with which in
a fluid state six parts by weight of mercury are mixed, and the whole
shaken in an iron, or thick wooden box, until it cools. It is then
reduced to a fine powder in a mortar, sifted through muslin, and mixed
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with lard in sufficient quantity to reduce it to the consistency of paste.
This preparation should be spread cleanly over the surface of the
cushion, up to the line formed by the junction of the silk flap with the
cushion ; but care should be taken that the amalgam should not be
extended to the silk flap. It is mecessary occasionally to wipe the
cushion, flap, and cylinder, to cleanse them from the dust which the
Electricity evolved upon the cylinder always attracts in a greater or
less quantity. It is found that from this cause a very rapid accumula-
tion of dirt takes place on the cylinder, which appears in black spots
and lines upon its surface. As this obstructs the action of the machine
it should be constantly removed, which may be done by applying to the
cylinder, as it evolves, a rag wetted with spirits of wine. The pro-
duction of Electricity is greatly promoted by applying to the cylinder
with the hand a piece of soft leather, five or six inches square, covered
with amalgam. This is in fact equivalent to giving a temporary
enlargement to the cushion.

Peschel states (Elements of Physics, vol. iii. p. 32), that the most
effectual method of using amalgam is to spread it pretty thickly on the
cushion itself, and then to cover it with a piece of silk, so that the
amalgam may not be in actual contact with the glass: a sufficient
quantity will work through the silk when the glass presses against it.
By this arrangement the inconvenience of smearing the glass is avoided.
One important qualification of the rubber is, that the surface on which
the amalgam is placed, should carry off as quickly and as completely as
possible, the Electricity excited. To effect this, a piece of copper, or
tin-foil, the same size as the cushion, is laid immediately under the
surface coated with amalgam. = If, however, the cushion is stuffed with

‘metal filings instead of with horse-hair, this arrangement is mnot
necessary. If the surface of the amalgam be covered with finely
powdered mosaic gold, increased effects are said to be produced; but
attention must be paid to the purity of this substance, or it may be inert
or even injurious. According to Masson (Arckives de I Electricite,
Sept. 1845), mosaic gold (bisulphuret of tin) sometimes contains as
much as fifty per cent. of sal ammoniac, the hygrometric and conductric
properties of which completely destroy its electric action. Before
employing it, therefore, it should be reduced to a powder, and washed
on a filter until it no longer gives any indications of the presence of
sal ammoniac: it should then be carefully dried and employed in
powder upon heated paper. Masson thinks that the bisulphuret of tin
does not undergo decomposition, but that it becomes electrized by
simple friction.

The use of the oiled silk flap is to prevent the dissipation of the
Electricity evolved on the glass by contact with the air; it is thus
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retained on the cylinder till it encounters the points of the prime con-
ductor, by which it is rapidly drawn off. It is usual to cover with a
varnish of gum lac those parts of the glass beyond the ends of the
rubber, with a view of preventing the escape of the Electricity through
the metallic caps at the extremities of the cylinder, and the inside of
the flap is also sometimes coated with a resinous cement consisting of
four parts of Venice turpentine, one part of resin, and one of bees’
wax, boiled together for about two hours in an earthen pipkin over a
slow fire.

(97) When the cylindrical machine is arranged for the development
of either positive or negative Electricity, the conductor is placed with
its length parallel to the eylinder, and the points project from its side,
as in the machine shown in the figure. The negative conductor sup-
ports the rubber, and receives from it the negative Electricity not by
induction, as is the case with the positive conductor, but by communi-
cation. If it be required to accumulate positive Electricity, a chain
must be carried from the negative conductor (which of course is insu-
lated) to the ground; if, on the other hand, negative Electricity be
required, then the conductor must be put in communication with the
earth, and the rubber insulated. - We shall return to the consideration
of this presently.

(98) The Plate Electrical Machine is shown in Fig.88. It consists of
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a circular plate of thick glass, revolving vertically by means of a winch
between two uprights : two pairs of rubbers, formed of slips of elastic
wood covered with leather, and furnished with silk flaps, are placed af
two equi-distant portions of the plate on which their pressure may be
increased or diminished by means of brass screws. The prime con:
ductor consists of hollow brass, supported horizontally from one of the
uprights ; its arms, where they approach the plate, being furnished
with points,

(99) With respect to the merits of these two forms of the electrical
machine, it is difficult to decide to which to give the preference. For an
equal surface of glass the Plate appears to be the most powerful ; it is
not, however, so easily arranged for negative Electricity, in consequence
of the uninsulated state of the rubbers, though several ingenious
methods of obviating this inconvenience have been lately devised.

(100) One of the best forms of the Plate Machine is that invented by
Mr. C. Woodward, President of the Islington Literary and Scientific
Institution. Fig. 39 represents the one in that Institution, presented to
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the members by the above-mentioned gentleman. The plate, which is
two feet in diameter, is fixed in the ordinary manner, between two
uprights, to the top and bottom of which are attached the rubbers. The
two conductors, A B, insulated on stout glass pillars, are fixed at each
end of the mahogany board on which the whole is mounted, and con-
nected together by a brass arm C, which is supported in the centre by a
glass pillar E ; from these points project and collect the Electricity from
both sides of the plate. This machine possesses the following advan-
tages: the insulation is exceedingly good; it occupies but very little
room on the lecture table; and rt'eadily Fig. 40. @)
exhibits positive and negative Electricity :
for this latter purpose, it is arranged as |
follows, and the annexed cut will render
it perfectly intelligible. The right-hand |
conductor B, together with the brass arm
and support, are removed, and the plate
being turned a quarter of a circle, the
upper rubber D is brought down on the
glass pillar E, and a brass ball G screwed
into it. 'We have now a positive and |
negative conductor; ‘and although the
machine possesses, of course, but half its
original power, it is sufficient for all pur- =
poses of experiment. Instead of one, this
machine is readily mounted with two
plates, which work equally well, and it then becomes an exceedingly
powerful instrument, occupying scarcely any more space.

Mr. Woodward strongly recommends the covering the glass pillars,
and also that part of the plate between the spindle and the rubbers,
with sealing-wax varnish, stating that it very much increases the power
of the machine.

(101) In Sturgeon’s Annals of Electricity, &c.for September, 1841,
two useful modifications of the cylinder and plate machine are de-
seribed and lithographed. The principal feature in which the arrange-
ment of Mr. Goodman’s cylinders differs from those of the usual con-
struction, consists in their being supplied with #wo rubbers, mounted on
glass rods placed parallel to each other on opposite sides of the eylinder,
and connected together by means of a brass tube bent twice at right
angles. This brass tube rises several inches above the top of the cylinder,
s0 as to be out of the way of the prime conductor, which is so contrived
as to answer at the same time for a support for one of the pivots on
which the cylinder revolves. Two arms proceed from the upper and
lower portion of this upright conductor, passing parallel to, and above
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and below the cylinder, from which a number of points project to receive
the fluid accumulated by the excitation of the rubbers, and brought
round by the rotation of the cylinder. To prevent dissipation of the
fluid from the extremities of the arms, each is made to terminate in a
lacquered glass ball. Machines arranged in this manner are stated
by the inventor to possess the desirable qualities of strength and en-
durance, and for equal surfaces to be twice as powerful as when only
one rubber is employed.

Mr. Goodman arranges the rubbers of his plate machine in a similar
manner, that is, parallel to each other, and supported by glass pillars on
either side of the periphery of the plate, as in the cylinder machine, one
end of the axis (of lacquered glass) turns in an insulated conductor pro-
vided with horizontal arms carrying points.

For common purposes, and where extreme cheapness is desirable, the
plate may be made of common window-glass, to the centre of which two
wood-furned convex caps may be cemented without any perforation of
the plate, and the axle is completed by cementing a glass rod to the
centre of each cap. The cement recommended by Mr. Goodman, is
equal parts of resin and bees’ wax, made sufficiently thick by the addition
of red-ochre. The cost of a plate of fifteen inches in diameter is about
two shillings, or half a crown. ;

(102) Van Marum in conjunction with Mr. Cuthbertson constructed
an electrical machine of extraordinary power, towards the end of the last
century. It consisted of two circular plates of French glass, each
sixty-five inches in diameter, fixed upon the same axis and excited by
four pairs of cushions each nearly sixteen inches in length. A single
spark from this machine melted a leaf of gold; a thread became attracted
at the distance of thirty-eight feet, and a pointed wire exhibited the
appearance of a luminous star at a distance of twenty-elght feet from
the conductor.

A magnificent machine, somewhat on Van Marum’s - principle, has
lately been constructed for the Royal Panopticon of Science and Art in
Leicester Square. The plate of this machine is ten feet in diameter, it
is turned by steam power, and excited by three pairs of rubbers, each
pair nearly three feet in length. The conductor, which is pear-shaped
on Priestley’s plan, is six feet long and four feetin diameter in its widest
part. 'When well excited, sparks from fifteen to eighteen inches in
length, and of remarkable brilliancy and volume, may be drawn from the
terminal ball of the conductor; the discharge through a vacuous tube seven
feet long, exhibits a continuous stream of splendid purple light, and it
charges to saturation a battery of thirty-six jars, presenting 108 square
feet of coated glass, in less than a minute.

(103) Sir William Harris’s elegant machine is shown in Fig. 41.
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The plate A A, about three feet in diameter, is mounted on a metallic
axis resting on two horizontal supporters of mahogany, which are
themselves, sustaineq by four vertical mahogany columns, fixed

Fig. 41,

upon a firm frame as a base. The whole apparatus rests on the
four legs, B C D T, and these again rest upon another steady frame
provided with three levelling screws, G H I, for securing it in a
horizontal position. The rubbers are insulated on the glass pillars, K
K, one on either side of the horizontal diameter of the plate. L M N
is the positive conductor projecting in a vertical position in front of the
plate, while the negative conductor, O P, passesin a curvilinear direction
behind, and connects the rubbers of each side.

The glass plate is turned by an insulated handle, immediately in front
of which is placed a short index, which is fixed to the axis, and which
moves over a graduated circle attached to the horizontal part of the
frame, and through the centre of which the axis passes. In this manner
the number of revolutions of the plate may be accurately registered.
In order to strengthen the centre of the plate, two smaller plates are
cemented to each side by varnish, and a small stop is inserted into
the axis to prevent the pressure from increasing beyond a certain point.
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Fig. 42, ‘When the machine is nsed
for ordinary purposes, the
conductors, as, shown in
Fig. 42, are employed, but
when it is required to
accumulate Electricity, the
conductors should have the
smallest extent possible.
They are thus formed of
small straight tubes, as
shown in Fig. 42, and its
extremities terminate in
balls of varnished wood,
through the substance of
which the metallic commu-
nicators pass. To prevent
the flaps from being drag-
ged over the plate in turning, they are retained in their places by cords
of silk attached to them, passing round fixed supports.

The machine used by Faraday, in his famous researches, is somewhat
in construction similar to Harris’s; the plate is fifty inches in diameter,
the metallic surface of the conductor in contact with the air is about
1422 square inches ; when in good excitation one revolution of the plate
will give ten or twelve sparks from the conductor, each an inch in length.
Sparks or flashes from ten to fourteen inches in length may easily be
drawn from the conductors.

(104) Tt is by no means immaterial what Zind of glass is employed in
the eonstruction of the plates or cylinders of electrical machines.
Priestley, who made many experiments on this subject, came to the con-
clusion “that common bottle metal is fittest for the purpose of ex-
citation,” in consequence (as he rightly supposed) of the hardness of the
metal and its exquisite polish. Harris recommends the flinty kind of
plate-glass of most perfect manufacture, and very highly polished.
Common window-glass is admirably adapted to the purposes of electrical
excitation. Sir William constructed a machine of two feet in diameter,
by cementing together two plates of window glass with black sealing-
wax, and he states that it had most remarkable power. The softer kinds
of glass and those in which the alkalies predominate are very inferior,
and some kinds cannot be excited at all in consequence of their remark-
able conducting power.

(105) The eminent electrical properties of gutta percha (385) would
suggest the employment of this substance as a negative electric for elec-
trical machines. Mr. Barlow (Phil. Mag. vol. xxxvii. p. 428) describes an
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apparatus of this kind, consisting of a band of thin sheet gutta-percha
about four inches wide, which is made to pass round two wooden rollers
fitting them very tightly, and rubbed by four brushes of bristles placed
outside the band and opposite to the axis of each roller. The machine
is provided with a curved brass conductor similar in form to the con-
ductors of plate-glass machines : under favourable circumstances this
machine acts very well; but Mr. Barlow finds it much affected by the
weather, and he thinks that although gutta-percha is capable of producing
a large amount of Electricity, a modification must be effected in the con-
struction of the machine before it can take its place as a useful instrument.

(106) At the concluding stage of the manufacture of paper, viz.,
when it leaves the glazing or polishing iron rollers, and accumulates in
a finished state on a final wooden roller, powerful electrical phenomena
are frequently developed; the Electricity is megative. Messrs. Arm-
strong (Elect. May. vol. i., p. 4569), Hankel (Poggendorf’s Annalen, vol.
xxxi., p. 477),and Walker (Elect. Mag. vol. ii., p. 120), have studied the
conditions under which this electrical excitement takes place. The
electrized condition of the paper becomes perceptible immediately after
the sheet quits the last glazing roller; and when a person’s hand is
presented, either to the roll of finished paper, or to any part of the
sheet between the roll and the glazing rollers, sparks are emitted by the
paper which sometimes reach to a distance of several inches, and when
the interior of the room is darkened, the workmen frequently see sparks
darting through a space of eight or ten inches between the surface of
the roll and the iron work of the machine. By means of a collector,
consisting of a row of metallic points insulated by a glass handle, Mr.
Armstrong charged Leyden jars, but the quantity of Electricity evolved
was not so great as appearances led him to expect. Dr. Hankel found
that the heat of the last steam roller exercised great influence, the elec-
trical phenomena being much stronger the more the heat of the last
steam roller was increased, becoming in fact frequently so strong that
very loud sparks darted from the paper to the last smoothing roller, by
which jars could readily be charged. In Mr. Elliot’s mill, near
Chesham, Bucks, sparks from ten to twelve inches long have been
obtained from the wooden roller round which the paperis collected ; the
greatest effects were produced by a thin brown paper manufactured
for Terry’s “ poor man’s plaster.”” Walker found this paper to be quite
free from Electricity previous to its undergoing the final act of pressure
between the polishing rollers.: The cause of electrical excitement is the
pressure and withdrawal of pressure (amounting in fact to friction),
which the paper undergoes in its passage through the roller.

(107) A similar production of Electricity has for many years been
noticed in Mr. Macintosh’s manufactory at Glasgow, on tearing asunder
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the well known waterproof-cloth which is stuck together by means of a
solution of India-rubber in coal tar (Edin. Phil. Jour. vol. x., p. 185).
It has also been noticed by Mr. Marsh, during the grinding of newly
roasted coffee in an iron coffee mill (4nn. of Elect. vol. viii., p. 124),
Powerful electrical pbenomena have likewise been observed in cottor
mills, arising from the friction of the bands or straps over the rollers by
which the machinery is put in motion; and lastly, strong electrical
sparks have been obtained, where neither friction nor pressure has
intervened to produce electrical excitement, as for instance during the
drying of dyed or bleached goods, which, according to Mr. Napier (Elect
Mayg. vol. i., p. 500), become sometimes so highly excited that sparks
visible in daylight, will be given off to an individual passing close to them
Pieces mordanted with acetate of alumina and dried at a great heat, are
often highly charged with Electricity, and if the hand be suddenly drawz
along the piece,. a complete shower of fire is observed with a sharj
crackling noise accompanied by a slight shock. Mr. Buchanan relates
(Phil. Mag. N. 8. vol. i, p. 581), that in a factory at Glasgow, the
accumulation of Electricity in one room in particular, in which was :
large cast-iron lathe, shears, and other machinery driven with grea
velocity by leather belts, was so great that it was necessary, in order t
protect the workmen from unpleasant shocks, to connect the machiner;
by means of a copper wire with the iron columns of the building ; an
that when a break in the wire of ¥ of an inch was made, the inter
mediate space was constantly luminous, and even at 1 of an inch th
succession of sparks was very rapid. The Electricity was positive.

(108) Scientific men are not agreed as to the modus agendi of th
amalgam applied to the rubber of the electrical machine. It seem
pretty clear that the oxidation of the amalgam by the friction employer
is essential to the increased excitation ; for the development of Electri
city does not appear to be increased when amalgams of difficultly oxi
dizable metals, such as gold, are employed; and Dr. Wollaston coul
not succeed in obtaining any signs of free Electricity from a machin
worked in an atmosphere of pure carboni¢ acid. The bisulphuret o
tin (aurum musivum) may be employed instead of amalgam; by th
friction it probably becomes partially decomposed into bisulphate of ti
as iron pyrites is into sulpbate of iron. The chemical influence o
friction, indeed, is more energetic than is usnally supposed : even sili
ceous minerals, as mesotype, basalt, and feldspar, become partly decom
posed, giving up a portion of their alkali in a free state.

(109) The theory of the action of the electrical machine flows imme
diately from the principles of induction already illustrated (79);
brief recapitulation may, however, be useful. On turning the handl
of the cylinder, or plate, the Electricity naturally present in the rubbe
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becomes decomposed,—its positive adhering to the surface of the
glass, and its negative to the rubber: the positive electric portions of
the glass coming, during its revolution, opposite to the points on the
conductor, act powerfully by induction on the natural Electricities of the
eonductor, attracting the negative, which being accumulated in a state
of tension at the points, darts off towards the cylinder, to meet the
positive fluid, and thus re-constitute the neutral compound. The con-
sequence of this is, that the conductor is left powerfully positive,—
not, it must particularly be understood, by acquiring Electricity from
the revolving glass, but by having gwen up its own negative fluid to the
latter. The rubber is left in a proportionately negative state, and con-
sequently, after revolving the glass for a few minutes, can develop no
more free positive Electricity, provided it is insulated : on this account,
it is necessary to make it communicate with the earth for the purpose
of obtaining a sufficient supply of positive Electricity to neutralize its
negative state. In very dry weather, it is mecessary to connect the
rubber with the moist earth by means of a good conductor; and it is
advisable, if possible, to establish a metallic connexion with metallic water
pipes. [

(110) The subjoined experiments will serve to familiarize the student
with the principles and action of the electrical machine.

Ez. 1. See that the machine is in good working order, the cylinder
or plate being free from dirt and black spots (96), and perfectly dry
and warm: wipe it well with a piece of warm flannel, and then with an
old silk handkerchief. Take care that the insulating glass stands are
clean and dry, and see that the rubber is uniformly but not too thickly
covered with amalgam (96). All these particulars being duly attended
to, turn the handle, and present the knuckle of the other hand to the
prime conductor ; a vivid spark will pass between them accompanied by
a sharp, snapping sound. It is usual to speak of this spark as the
positive spark, a term which does not, however, convey a correct idea of
its nature; for it is not to be regarded as arising from the mere passage
of free Electricity, but as the union of the two electric fluids, and the
consequent discharge of the electrified body. According to the prin-
ciples of induction (70 et seq.) the positively electrified prime conductor
induces an opposite state in any conducting substance approaching it,
and when this state has amounted to one of sufficient fension, the
negative Electricity rushes towards the positive of the prime conductor,
constituting the neutral combination. Tt is this neutralization, or
discharge of the electric state of the conductor, which constitutes the
electric spark; and it is the same with the sparks from an excited
glass tube, and from the cover of an Electrophorus (76): all cases of
discharge must. be preceded by induction (82). In order to obtain
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long sparks from the prime conductor the operator must commence by
taking short ones, and gradually lengthen them to their maximum.
Long sparks in the open air are always crooked; this arises from the
condensation of the air immediately before the spark in consequence of
the immense velocity with which it moves; a resistance is thereby set
up in the line in which it was moving, so that it changes its course,
again condenses the air, and is again turned aside; and this alternate
deflection produces a zig-zag appearance. Short sparks are either
quite straight or slightly curved, sometimes broken and irregular. In
Fig. 43, condensed air the light is white and brilliant; in
rarefied air divided and faint, and in highly rarefied
air purplish. For these experiments the simple appa.
ratus shown in Fig. 43 may be employed, consisting of
a glass globe about four inches in diameter, provided
at each end with a brass cap to one of which a stop
cock is screwed with a wire and ball projecting into the
globe, and through the other a similar wire slides
through a collar of leather, so that the balls may be
set at any required distance from each other in the
globe. The apparatus may be exhausted of air by the
air-pump ; or the air may be condensed in it by ¢
condensing syringe. The effect of different gase

may likewise be studied with this apparatus.

Ez. 2. Continue to turn the cylinder or plate, keeping the knuckl
steadily held towards the prime conductor. The sparks will decreas
in brilliancy, intensity, and frequency, and after some time no mor
will be obtained. Now establish a good metallic communicatior
between the rubber and the earth, and the sparks will be obtainec
uninterruptedly, and undiminished in intensity.

L. 3. Remove the conductor from its position in front of the glass
and having darkened the room, revolve the cylinder or plate ; a serie
of bright sparks will be observed to pass round the surface of the glass
exhibiting a very beautiful appearance. Let an assistant next take :
needle in his hand, and approach its point towards, but at a considerabl
distance from, the revolving glass. While at the distance of severa
feet, it will be seen to be tipped with luminous matter, illustrating in :
simple manner the striking influence of points, and their use on the
prime conduetor.

Ez. 4. Remove the ball from the end of the conductor disclosing
a rounded blunt wire; put the conductor in its place, and turning
the machine briskly, attempt to draw sparks from the body of th
conductor with the knuckle, you will find that you will obtain ver
feeble and powerless ones, but you will perceive a beautiful luminou
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appearance proceeding from the. end of the wire, and Fig. 44.
on holding the hand near it, & sensation like that pro-
duced by a gentle stream of wind will be experienced.
Notice attentively the appearance of the luminous
matter at the points at the two opposite ends of the
conductor : that on the points immediately opposed
to the revolving glass will resemble small stars, and
that on the wire at the end of the conductor will
resemble a brush or pencil. The appearance of each
will be found to be not unlike Fig. 44. The same lumi-
nous appearances will be perceived if a pointed wire
be held at a short distance from the conductor and
rubber, both being insnlated, the brusk or pencil
appearing on the wire held towards the rubber, and
the star on the wire presented towards the conductor. We shall
return to the consideration of this electric light presently.

Ez. 5. Connect the rubber and conductor together by a wire: on
revolving the glass, no signs of Electricity will be obtained from either :
but if the machine be extremely energetic, the wire will appear surrounded
with a lambent flame, otherwise the electric fluids will traverse, and the
discharge take place invisibly along the wire. But if the conductor be
interrupted, vivid sparks will appear at each rupture of continuity,
arising from inductive action, and consequently discharge taking place
at every one of these spots.

Ez. 6. The last experiment proves that the charges on the conductor
and rubber are exactly equal : that they are in opposite electrical states
may be proved by suspending from each some light substances, as feathers
or pith-balls, which will strongly attract each other when the machine is
put in action.

Ea. 7. Place several strips of paper upon the end of a long red in
connexion with the prime conductor, in the centre of a large apartment,
they will open out equally, like radii from the centre of a sphere; but
on approximating a conducting body to them in their  Fig 45
charged state, they will incline towards it from the concen-
tration of the force upon its nearer surface.

This is illustrated by the ridiculous figure of a
head of hair, Fig. 45, and is a common electrical ex- \§
periment. When electrified, the hair stands on end;
and each fibre, as if in a state of repulsion from its
neighbour, is attracted by, and radiates towards, the
point which is nearest to it in the oppositely induced
state.

Er. 8. Paste some strips of tin-foil on a plate of glass having

o
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portions cut out, so that the space represents letters, as shown in
Fig. 46. Fig. 46 ; or draw a serpentine line

on the glass with varnish, and place

o
-

on it metallic spangles about onc-

tenth of an inch apart; or stick

the spangles in a spiral direction on
a glass tube: in each case lines of
fire, occasioned by sparks passing
apparently at the same moment
through all the spaces, will be
observed on connecting the first piece of foil with
the conductor, and the last with the ground. Fig. 47
represents a little apparatus invented by Mr. Barker
for exhibiting the revolution of a spotted tube. It
is made of a glass tube, blown smooth and round at
one end, and open at the other: it should be about
ten inches long, and three quarters of an inch in
diameter. A ball or a piece of smooth tin-foil is
fixed at the upper closed end, and the usual spots of
tin-foil carried in a spiral form to the lower open end.
A cap, either of wood or brass, is cemented on the
outside of the lower end of the tube, and a strip of
foil placed round it. From this ring four wires
project outwards, having their points bent at right
angles. The tube is then set on an upright wire
which passes upwards into the tube to its top, and
this wire is then set on an insulated stand, and
brought near the prime conductor. It can thus
revolve with great ease.

Ex 9. Provide a stool with glass legs, Fig. 48, and having wiped
it clean and dry, let a person stand upon it, holding in his hand a

Fig. 48.

chain or wire communicating with the prime
conductor: on setting the machine in action,
sparks of fire may be drawn from any part of
his person; he becomes, indeed, for the time,
a part of the conductor, and is strongly
electrified, although without feeling any

alteration in himself. If he hold in his hand a silver spoon containing
some warm spirits of wine; another person may set it on fire by touch-
ing it quickly with his finger.

Ez. 10. By employing the little arrangement shown in Fig. 49, cold

spirits of wine
sparks from the

may be fired. Place it so that the ball @ can receive
prime conductor : pour spirits of wine into the cup e,
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till the bottom is just covered: place the cup Fig. 49.
under the wire d, then turn the machine, and
the sparks that are received by a will fly from o &
the wire through the spirits to the cup, and «
generally set it on fire.

Exr. 11. The phenomena of attraction and
repulsion are well illustrated by the apparatus
known as the electric bells, Fig. 50. They are
to be suspended from the prime conductor by
means of the hook: the two outer bells are
suspended by brass chains, while the central,
with the two clappers, hang from silken strings : !?
the middle bell is connected with the earth by a T
wire or chain: on turning the cylinder, the two
outside bells become positively electrified, and
by induction the central one becomes negative;
a luminous discharge taking place between
them, if the Electricity be in too high a state of @
tension. But if the eylinder be slowly revolved,
the little brass clappers will become alternately
attracted and repelled by the outermost and
inner bells, producing a constant ringing as long
as the machine is worked.

Fig. 51 shows an admirable contrivance for illustrating electrical
attraction and repulsion. Three or four glass balls, made as light as

Fig. 51.

possible, are supported on an insulated glass plate, on the under part of

which strips of tin-foil are so pasted as to form a broad circle or border

near the margin, and four radii to that circle ; on the upper part of the

plate is a flat brass ring supported on small glass pillars, so as to have

its inner edge immediately over the exterior edge of the tin-foil. The

brass ring being in communication with the prime conductor and the
; a2
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tin-foil with the rubbers of the machine, the ring and foil will be oppo-

sitely eleetrified. The glass balls being attracted by the ring, become

positively electrified in the part which comes in contact with it. Thus

electrified, they will be attracted by the foil, and communicating the

charge, return to the ring to undergo another change. Different parts

undergo in succession these changes, and the various evolutions of the

balls are very striking and curious.

Fig. 52. Ez. 12. The current of air which accompa-

¢ ® nies the discharge of Electricity from points is

pleasingly shown by a variety of toys. TFig.

€ 52 exhibits a little arrangement usually ealled

the electrical planetarium. It is conneeted

with the prime conductor by means of a chain,

and when the machine is set in action the

currents of air discharged from points inserted

at ¢ and b re-act on the wires of the appa-

ratus, and it begins to move, gradually acquiring a very rapid horizontal
motion, ¢ & round the point o, and @ d round the point e.

Fig. 53. Fig. 53 represents a model of a
water-mill for grinding corn. A is
the wheel, B the cog-wheel on its axis,
C the trundle, D the running mill-
stone on the top of the axis of the
, trundle. To set it in motion place it
near the prime conductor, in which is
inserted a crooked wire terminating in
a sharp point. Let this point be di-
rected to the uppermost side of the
wheel A. On putting the machine in
" motion, the current of air attending
the Electricity which issues from the
point will turn the wheel, and, conse-
quently, all the other working parts of
the mill.

Ez. 13. Fill a phial with oil, pass
through the cork a copper wire bent
ear its lower end at right angles, so that its point may press against
the inside of the glass, and suspend it by the upper end of the wire
from the prime conductor. From the machine the point of the wire in
the phial will assume a high state of positive electric tension: bring
towards it a brass knob, or the knuckle; induction, and consequent
discharge, will take place through the sides of the glass, which will
become perforated by a round hole.
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Ex. 14. By the following beautiful experiment, the resistance to
induction and discharge offered by a dielectric medium, such as atmo-
spheric air, is shown. A glass tube A, Fig. 54, two feet in length, is
furnished at either end with a brass ball projecting into its interior, and
carefully exhausted of its air by means of a good air-pump: on con-
necting the end.B with the prime conductor, and the end B’ with the

Fig. 54.

earth, when the machine is turned, B becomes positive, and induces
a contrary state on the ball B’, induction taking place with facility
in consequence of the atmespheric air being removed (or rather highly
rarefied), and is followed by a discharge of the two Electricities in the
form of a beautiful blue light, filling the whole tube, and closely re-
sembling the aurora borealis.

Ez. 15. Attraction and repulsion are amusingly Fig. 55.
shown by suspending a brdss plate, Fig. 55, from >
the prime conductor, and settiig under it a sliding
stand, on which'is laid a little bran or sand, or little
figures made of pith: on turning the machine the
bran or.sand is attracted and repelled by the upper ¢
plate with such rapidity that the motion is almost
imperceptible, and appears like a white cloud between
the plates, and the little figures appear to be animated,
dance, and exhibit very singular motions, dependent
on inductive action.

Ex. 16. Fig. 56 represents a small pail with a spout near Fig. 56.
the bottom, in which is a hole just large enough to let the
water out by drops; it is to be filled with water and made
fast to the prime conductor: on turning the machine, the
water which before descended from the spout in small drops
only, will fly from it in a stream, which in the dark appears
like a stream of fire ; or a sponge saturated with water may
be suspended from the prime conductor, when the same
phenomenon will be observed, which is referable to the
mutual repulsive property of similarly electrified particles.

E=z. 17. Let the tumbler A, Fig. 57, be wiped thoroughly dry, warmed,
and the inside charged by holding it in such a direction that a wire pro-
ceeding from the prime conductor of a machine in action shall touch it
successively in nearly every part; then invert it over a number of pith-
balls; they will be attracted and repelled backwards and forwards, and
effect the discharge of the Electricity which induces from the interior
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towards the plate. They will then remain at rest;
but if the Electricity which has been disengaged on the
outside towards surrounding objects be removed by a
touch of the hand, a fresh portion will be set free on
the interior, and the attraction and repulsion of the
balls will again take place, and thus for many times
successively the action will be reueweﬁ until the glass
eturns to its natyral state.

Ez. 18. Fig. 58 is another amusing philosophical
toy. It is called the electrical swing, and acts, as
will be immediately perceived, upon the principle of

attraetion and repulsion. The insulated brass

ball A is connected with the prime conductor,
while the opposite ball B comiunicates with
the earth. The light figure represented as
sitting on a silken cord is first drawn towards
A, where it receives a charge which it dis-
charges on B, and thus is kept swinging
between the two balls.

Fiz. 19. Fig. 59 represents two hollow brass
. balls, about three quarters of an inch in di-
ameter, insulated on separate glass pillars, by
which they are supported at a distance of
about two inches from each other; the upper
part of each ball is hollowed into a cup, into
» which a small piece of phosphorus is to be
put. A small candle has its flame sitnated
midway between the balls, one of which is
connected with the positive, and the other
with the mnegative conductor of a powerful
machine. When the balls are electrified, the
flame is agitated, and, inclining towards the one
which is megative, soon heats it sufficiently to

v {  set fire to the phosphorus it contains, whilst the
positive ball remains perfectly cold, and its phosphorus unmelted. On
reversing the connexions of the balls with the machine, the phosphorus
in the other ball will now be heated, and will inflame.

Ex. 20. To a wire proceeding from the prime conductor, attach a
piece of sealing-wax; put the machine in action, no effect will be
produced on the wax: now soften the end by the flame of a spirit
lamp, and while the machine is in action, present a card to the hot
wax, and it will be perceived that a considerable quantity of melted wax
has been blown off from the wire, and, in the form of fine, soft, flexible
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filaments, has collected on the surface of the card, exhibiting a very
curious appearance. This experiment is interesting, as proving that
the mechanical condition of bodies has an influence on their relation to
Electricity. ~The sealing-wax, when cold, stands high amongst non-
conductors ; but when the physical condition of its atoms is disturbed
by heat, it becomes a conductor.

Ez. 21. With the apparatus shown in Fig. 60 Fig. 60.
some exquisitely beautiful electrical experiments
may be made. The balls in the receiver, which
may be 12 or 14 inches high and 6 or 7 inches in
diameter, are set opposite to each other at the
distance of about four or six inches. The receiver is
accurately exhausted, and then screwed on the
transfer plate, which is connected by a wire with
the negative conductor, the upper ball being ‘con-
nected with the positive. On turning the machine
a current of beautiful light will pass from the
positive to the negative ball on which it breaks and
divides into a luminous atmosphere entirely sur-
rounding the lower ball and stem, and conveying
in a very striking manner the idea of a fluid run-
ning over the surface of a resisting solid which it
cannot enter with facility. No appearance of light
occurs on the positive ball but the straight lumi-
nous line that passes from it; but if it be rendered
negative, and the lower ball positive, these effects are reversed. If the
lower ball and wire be altogether removed, and if the upper wire be
made to terminate in a poin¢ instead of a ball, then on.'turning the
machine and exhausting the air, the small brush of light which
first makes its appearance on the point gradually enlarges, varying in
appearance and becoming more diffused as the air becomes more
rarefied, until at length the whole of the receiver is filled with a
beautiful and varying light, producing an effect which is pleasing in the
highest degree. (Singer.)

(11) Electricity of effluent steam. Under the head of frictional
Electricity must be included this very remarkable source of electrical de-
velopment, which in the hands of Messrs. Faraday, Armstrong, Ibbetson,
-and others, has led to the construction of electrical machines compared
to which even the most powerful glass machines hitherto constructed are
but as pigmies.

The first account we have of an observation on the Electricity of a
jet of steam while issuing from a boiler is contamed in a letter addressed
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to Professor Faraday, by H. S. Armstrong, Esq. (Phil. Mag. vol.
xvii.) i

It appears that the phenomenon was first noticed by the engine-man
entrusted with the care of a steam engine at Sedgehill, about six miles
from Newcastle : it happened that the cement, by which the safety-valve
was secured to the boiler had a crack in it, and through this fissure a
copious horizontal jet of steam continually issued. Soon after this took
place, the engine-man having one of his hands accidentally immersed in
the issning steam, presented the other to the lever of the valve, with the
view of adjusting the weight, when he was greatly surprised by the ap-
pearance of a brilliant spark, which passed between the lever and his hand,
and was accompanied by a violent wrench in his arms, wholly unlike
what he had ever experienced before. The same effect was repeated
when he attempted to touch any part of the boiler, or any iron work con-
nected with it, provided his other hand was exposed to the steam. He
next found that while he held one hand in the jet of steam, he communi-
cated a shock to every person whom he touched with the other, whether
such person was in contact with the boiler, or merely standing on
the brickwork which supported it; but that a person touching the
boiler, received a much stronger shock than one who merély stood on
the bricks.

(112) In following up these experiments, Mr. Armstrong provided
himself with a brass plate having a copper wire attached to it, which
terminated in a round brass knob. "When this plate was held in the
steam, by means of an insulated handle, and the brass knob brought
within about a quarter of an inch from the boiler, the number of sparks
which passed in a minute was from sixty to seventy, and when the knob
was advanced about one-sixteenth of an inch nearer to the boiler the
stream of Electricity became quite continuous. The greatest distance
between the knob and the boiler, at which a spark would pass from one
to the other, was fully an inch. A Florence flask, coated with brass
filings on both surfaces, was charged to such a degree with the sparks
from the knob, as to cause a spontaneous discharge through the glass,—
and several robust men received a severe shock from a small Leyden jar
charged by the same process. The strength of the sparks was quite as
great when the knob was presented to any conductor communicating
with the ground, as when it was held to the boiler.

(118) A long and well-conducted series of experiments was made by
Mr. Armstrong, on the Electricity evolved under these peculiar circum-
stances.* By standing on an insulated stool, and holding with one

* See L. and E. Phil. Mag. vol. xvii. pp. 370, 452; vol. xviii. pp. 50, 133, 328;
vol. xix. p, 25; vol, xx.p. 5; vol. xxii. p. 1. See also papers on the same subject by
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hand a light iron rod immediately above the safety-valve of a locomotive
engine, while the steam was freely escaping, and then advancing the
other hand towards any conducting body, he obtained sparks of an inch
in length ; when the rod was held five or six feet above the valve, the
length of the sparks was two inches;' and when a bunch of pointed
wires, attached to the rod, was held points downwards in the issuing
steam, sparks four inches long were drawn from a round knob, on the
opposite extremity of the iron rod. On insulating the boiler, large and
brilliant negative sparks an inch long were drawn from it—the Elec-
tricity of the steam being positive.

(114) A small boiler was constructed by Mr. Armstrong—lt was
arranged on a stove which was insulated ; when the rate of evaporation
was about a gallon in an hour, and the pressure in the boiler 100 Ibs.
on the square inch, by connecting the knob of a Leyden phial with the
boiler or stove, he was able to give it a charge, and he found that Elec-
tricity could be collected in much greater abundance from the evapo-
rating vessel than from the issuing steam. The Electricity of the steam
was generally positive, that of the insulated boiler being negative ; occa-
sionally, however, these conditions were reversed, and after the boiler
had been in use for some time, positive Electricity rarely appeared in the
jet, even when circumstances were most favourable to its development.
No alteration was effected by washing out the boiler with water, but
when it was washed with solution of potash or soda, the positive condition
of the steam jet was restored, and by dissolving a little potash in the
water from which the steam was generated, the quantity of Electricity
was amazingly increased; on the other hand, when a small quantity of
nitric acid, or nitrate of copper, was added to the water, the Electricity
of the steam became negative.

(115) Subsequent experiments led Mr. Armstrong to the conclusion
that the excitation of Electricity takes place at the point where the
steam is subjected to friction; and, in a paper subsequently read before
the Royal Society by Professor Faraday, it was shown that the steam
itself has nothing to do with the phenomenon. By means of a suitable
apparatus, Faraday found that Electricity is never excited by the passage
of pure steam, and is manifested only when water is at the same time
present; and hence he concludes that it is altogether the effect of the
friction of globules of water against the sides of the opening, or against
the substances opposed to its passage, as the water is rapidly moved
onwards by the current of steam. Accordingly, it was found to ‘be
increased in quantity by increasing the pressure and impelling force of

Mr. Pattinson, vol. xvil, pp, 375, 457; and by Dr. Schafhaeutl, vol. xvii, p. 449; vol.
xviil. pp. 14, 95, 265.
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the steam. The immediate effect of this friction was, in all cases, to
render the steam or water positive, and the solids, of whatever nature
they might be, negative. In certain circumstances, however, as when a
wire is placed in the current of steam, at some distance from the orifice
whence it has issued,; the solid exhibits the positive Electricity already
acquired by the steam, and of which it is then merely the recipient and
the conductor. In like manner the results may be greatly modified by
the shape, the nature, and the temperature of the passage through which
the steam is forced. Heat, by preventing the condensation of the steam
into water, likewise prevents the evolution of Electricity, which again
speedily appears by cooling the passages, so as to restore the water which
is necessary for the production of that effect. The phenomena of the
evolution of Electricity, in these circumstances, are dependent also on
the quality of the fluid in motion, more especially in relation to its con-
ducting power. Water will not excite Electricity unless it be pure:
the addition of any soluble salt or acid, even in minute quantity, is
sufficient to destroy this property. The addition of oil of turpentine,
on the other hand, occasions the development of Electricity of an
opposite kind to that which is excited by water; and this Faraday
explains, by the particles and minute globules of the water having each
received a coating of oil, in the form of a thin film, so that the friction
takes place only between that external film and the solids, along the
surface of which the globules are carried. A similar but more permanent
effect is produced by the presence of olive oil, which is not, like oil of
turpentine, subject to rapid dissipation. Similar results were obtained
when a stream of compressed air was substituted for steam in these ex-
periments. 'When moisture was present, the solid exhibited negative,
and the stream of air positive Electricity ; but when the air was perfectly -
dry, no Electricity of any kind was apparent.

(116) Mr. Armstrong subsequently (Phil. Mug. vol. xxii. p. 1)
confirmed the conclusion, that the excitation of Electricity takes place
at the point where the steam is subjected to friction, and deseribed
several improvements in his apparatus by which the energy of the effects
was amazingly increased. By means of a boiler furnished with a stop
cock and discharging jet of peculiar construction, he produced effects
upwards of seven times greater than those from a plate electrical machine
of three feet in diameter, worked at the rate of seventy revolutions per
minute. This boiler was a wrought iron cylinder, with rounded ends,
and measured three feet six inches in length, and one foot six inches in
diameter. It rested on an iron frame, containing the fire, and the whole
apparatus was supported on glass legs to insulate it. It was found much
more convenient and effectual to collect Electricity from the boiler than
from the steam cloud, but, in order to obtain the highest effect from the
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boiler, the Electricity of the steam must be carried to the earth by means
of proper conductors.

(117) In Mr. Pattinson’s experiments on one of the locomotive
engines.belonging to the Newcastle and Carlisle Railway, sparks four
inches long were given off from the person of an individual standing on
an insulating stool, and holding a copper rod, terminated by sharp-
pointed wires, in the current of steam, blowing forcibly out of the
safety-valve at a pressure of 521bs. per inch. The Electricity was
ascertained fo be positive. It is certainly, as Mr. Pattinson observes, a
novel and curious light in which to view the splendid locomotive engine
in its rapid passage along the railway line, viz., that of an enormous
electrical machine,~—the steam analogous to the glass plate of an ordi-
nary machine, and the boiler to the rubber; while torrents of Electricity
might continually be collected, by properly disposing conductors in the
escaping steam.

(118) Shortly after these experiments were made the directors of
the Polytechnic Institution determined on constructing a machine on a
large scale for the purpose of producing Electricity by the escape of
steam, and under the superintendence of Mr. Armstrong, assisted by
Captain Ibbetson, the ¢ Hydro-Electric Machine” was finished and
placed in the theatre of the institution, where by its extraordinary
power it soon excited the astonishment of all who beheld it. The
machine consists of a cylindrical-shaped boiler, similar in form
to a steam-engine boiler, constructed of iron plate § inch thick; its
extreme length is 7 feet 6 inches, 1 foot of which being occupied by
the smoke chamber, makes the actual length of the boiler only 6 feet
6 inches; its diameter is 8 feet 6 inches. The furnace and ash-hole
are both within the boiler; when it is required entirely to exclude
the light a metal screen is readily placed over these; by the side
of the door is the water-gauge and feed-valve. On the top of the
boiler, and running nearly its entire length, are forty-six bent iron
tubes, terminating in jets having peculiar shaped apertures, and formed
of partridge wood, which experience has shown Mr. Armstrong to be
the best for the purpose ; from these the steam issues—the tubes spring
from one common pipe, which is divided in the middle and communi-
cates with the boiler by two elbows: by this contrivance the steam
is admitted either to the whole or part of the tubes, the steam being shut
off or admitted by raising or lowering the two lever handles placed
in the front of the boiler. Between the two elbows is placed the safety-
valve for regulating the pressure, and outside them on one side is a cap
covering a jet employed for illustrating a certain mechanical action of a
jet of steam, and on the other a loaded valve for liberating the steam
when approaching its maximum degree of pressure. At the further
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extremity of the boiler is the funnel-pipe or chimney, so contrived
that, by the aid of pulleys and a balance weight, the upper part can be
raised and made to slide into itself (similar to a telescope), so as to
leave the boiler entirely insulated. To prevent as much as possible the
radiation of heat, the boiler is cased in wood, and the whole is supported
on six stout glass legs 3} inches diameter, and 3 feet long. In
front of the jets, and covering the flue for conveying away the steam, is
placed a long zine box, in which are fixed four rows of metallic points
for the purpose of collecting the Electricity from the ejected vapour,
and thus prevent its returning to restore the equilibrium of the boiler
the box is so contrived that it can be drawn out or in, so as to bring
the points nearer or further from the jets of steam; the mouth or
opening can also be rendered wider or narrewer: by these contrivances
the power and intensity of the spark is greatly modified. A ball
and socket-joint, furnished with a long conducting rod, has been
added to the machine, so that by its aid the Electricity can
be readily conveyed to the different pieces of apparatus used to
exhibit various phenomena. The pressure at which the machine
is usually worked is 60lbs. on the square inch. As it is now fully
established that the Electricity of the hydro-electric machine is
occasioned by the friction of the particles of water (115), the latter
may be regarded as the glass plate of the common electrical machine,
the partridge wood as the rubber, and the steam as the rubbing power.
The Electricity produced by this engine is not so remarkable for its
high intensity as for its enormous quantity. The maximum spark
obtained by Mr. Armstrong in the open air was 22 inches ; the extreme
length under present circumstances has been 12 or 14 inches; but the
large battery belonging to the Polytechnic Institution, exposing nearly
80 feet of coated glass which, under favourable circumstances, was
charged by the large plate machine 7 feet in diameter in about 50
seconds, is commonly charged by the hydro-electric engine in 6 or 8
seconds. The sparks which pass between the boiler and a conductor
are exceedingly dense in appearance: and, especially when short, more
resemble the discharge from a coated surface than from a prime con-
ductor. They not only ignite gunpowder, but even inflame paper and
wood shavings when placed in their course between two points.

In the 151st number of the Philosophical Magazine, a series of
electrolytic experiments made with this machine are described by Mr.
Armstrong: true polar decomposition of water was effected in the
clearest and most decisive manner, not only in one tube, but in ten
different vessels arranged in series, and filled respectively with dis-
tilled water, water acidified with sulphuric acid, solution of sulphate
of soda, tinged blue and red, solution of sulphate of magnesia, &c.
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&e., and the gases were obtained in sufficient quantities for examina-
tion.

The following curious experiments are likewise described :~——two glass
vessels containing pure water were connected together by means of wet
cotton ; on causing the electric current to pass through the glasses, the
water rose above its original level in the vessel containing the negative
pole, and subsided below it in that which contained the positive pole,
indicating the transmission of water in the direction of a current
flowing from the positive to the negative wire.

Two wine glasses were then filled nearly to "the edge with distilled
water, and placed about 4-10ths of an inch from each other, being
connected together by a wet silk thread of sufficient length to allow a
portion of it to be coiled up in each glass. The negative wire, or that
which communicated with the boiler, was inserted in one glass, and the
positive wire, or that which communicated with the ground, was placed
in the other. The machine being then put in action, the following
singular effects presented themselves :—

1st,—A slender column of water, inclosing the silk thread in its
centre, was instantly formed between the two glasses, and the silk
thread began to move from the negative towards the positive pole, and
was quickly all drawn over and deposited in the positive glass.

2nd,—The column of water after this continued for a few seconds
suspended between the glasses as before, but without the support of
the thread ; and when it broke the Electricity passed in sparks.

8rd,—When one end of the silk thread was made fast in the
negative glass the water diminished in the positive glass and increased
in the negative one, showing apparently that the motion of the thread,
when free to move, was in the reverse direction of the current of water.
4th,—By scattering some particles of dust upon the surface of the
water, it was soon perceived by their motions that there were two
opposite currents passing between the glasses, which, judging from the
action upon the silk thread in the centre of the column, as well as from
| other less striking indications, were concluded to be concentric, the
inner one flowing from negative to positive, and the outer one from
| positive to negative. Sometimes that which was assumed to be the
| outer current was not carried over into the negative glass, but trickled
down outside of the positive one; and then the water, instead of
accumulating as before in the negative glass, diminished both in it, and
in the positive glass.

5th,—After many unsuccessful attempts Mr. Armstrong succeeded in
causing the water to pass between the glasses, without the intervention
of a thread for a period of several minutes, at the end of which time he
could not perceive that any material variation had taken place in the
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quantity of water contained in either glass. It appeared therefore, that
the two currents were nearly, if not ewactly equal, while the inner one
was not retarded by the friction of the thread. Mr. Armstrong like-
wise succeeded in coating a small silver coin with copper; in deflecting
the needle of a galvanometer, between 20° and 30° ; and in making an
electro-magnet by means of the Electricity from this novel machine.
(119) Extraordinary as is the power of the Polytechnic machine, it
was afterwards entirely eclipsed by a similar apparatus constructed at
Newcastle under the direction’of Mr. Armstrong, and sent out to the
United States of America. In the arrangement of this machine, the
boiler of which is not larger than that at the Polytechnic Institution,
Mr. Armstrong introduced certain improvements suggested by the
working of the latter, and which had reference to those parts of the
apparatus more immediately concerned in the production of the Elee-
tricity, viz., “ the escape apertures and the condensing pipes.” Tt was
found to be a matter of extreme micety so to adjust the quantity of
water deposited in the condensing pipes as to obtain the maximum
excitation of Electricity. If on the one hand there be an excess of
water, then two results will ensue, each tending to lessen the Elee-
tricity produced. 1°. The mean density of the issuing current of
steam and water is increased, which causes the velocity of efflux and
consequent energy of the friction to be diminished; and 2°. The
ejected steam cloud is rendered so good a conductor by the excess of
moisture that a large proportion of the Electricity manifested in the ;
cloud retrocedes to the boiler, and neutralizes a corresponding propor- :
tion of the opposite element. On the other hand, if the quantity of
water be too small, then, although each purticle of water may be excited
to the fullest extent, the effect is rendered deficient in consequence of
the insufficient number of aqueous particles which undergo excitation.
In the Polytechnic arrangement the condensation of the steam in the °
tubes is effected by contact of the external air, and when the density
of the steam in the boiler is diminished rapidly they do not cool down
with sufficient rapidity to condense the requisite quantity of water. To
remedy this defect in the American machine, Mr. Armstrong adopted a ',‘
method of condensing by the application of cold water: a number of
cotton threads were suspended from each condensing pipe into a trough
of water from which by capillary attraction just as much water was lifted
as was required for the cooling of the pipe, since it was easy by increas-
ing or diminishing the quantity of cotton to increase or diminish the
supply of cold water; and this method of keeping down the tempe-
rature proved so effectwe that two or three times the number of jets
that were before used could now be employed. The number in the
American machine was 140, ranged in two horizontal rows, one above
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the other, on the same side of the machine. The sparks obtained,
though not longer than those upon the London machiné when it stood
in the open air, succeeded each other with three or jfour times the
rapidity, and even under unfavourable circumstances charged a Leyden
battery consisting of thirty-six jars, containing thirty-three feet of
coated surface, to the utmost degree that the battery would bear,
upwards of sixty times in a minute, being equivalent to charging nearly
2000 feet of coated surface in one minute, which is at least twenty times
greater than the utmost effect that could be obtained from the largest
glass electrical machine ever constructed.

(120) The action of the hydro-electric machine is greatly influenced
by the nature of the water from which the steam is generated, which
should be as pure as possible in order that no impurities should pass
from the boiler to the steam passages. It is indeed perfectly surprising
how extremely small an admixture of some substances has the effect of re-
versing the electrical state of the boiler and steam cloud. When a piece of
cotton was steeped in a solution of acetate of lead, and inserted in the con-
densing pipe, Mr. Armstrong found that the Electricity of the steam,
which in general was positive, was changed to negative. Again, when the
conductingpipe is of brass instead of iron the steam cloud is positively elec-
trified the same as in ordinary cases; but if the pipe previously to being
used has heen immersed in very dilute nitric acid, then negative Electricity
instead of positive will be evolved by the steam cloud, notwithstanding
that the pipe may have been washed with clean water subsequently to
its immersion in the acid, nor does the pipe re-gain the condition necessary
for the production of a powerful development of positive Electricity in
the steam, till it has been thoroughly washed out with an alkaline
solution. Mr. Armstrong found also that the effects were singularly
influenced by the material of which the condensing pipe is formed ;
thus, glass, lead, tin, copper, and iron, are each effective in a.different
degree, the variation, as he believes, being in all these cases due to minute
quantities of extraneous matter acquired by the condensed water acting
chemieally or mechanically upon the material of the pipes.
| (121) Messrs. Watson and Lambert of Newecastle, who built both the
Polytechnic and the American machines, construct “hydro-electrie
‘machines ”* of all sizes ; they are mounted on carriages so as to be readily
‘moved about, and they constitute very elegant pieces of electrical appa-
ratus. One of these machines is shown in Fig. 61. The boiler is
2 feet 6 inches in length, and 1 foot 2 inches in diameter: A is the
door of the fire-place; B C, the conductor for collecting Electricity
from the steam; B, a glass insulating stem; C, the collecting points;
D, the escape tubes and jets; E, the condensing vessel enclosing the
iron pipes by which the steam is conveyed to the jets. The lower part
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Fig. 61.

of the condensing vessel contains water which nearly reaches the lower
side of the steam pipes;from the latter are suspended filaments of
cotton, which dip into the water, and by capillary action raise just
sufficient to cause, by its action on the pipes, a condensation of the
passing steam into the requisite quantity of water for rubbing against
the jet. F G is the cock for letting off the steam ; H, the chimney; I 1,
the insulating glass pillars; K K, the frame moving on castors; a ¢,
the water gauge ; f e, condensing pipes for showing the effect of impreg-
nating the ejected water with extraneous substances, and for exhibiting
two jets of steam simultaneously issuing from the boiler in opposite
states of Electricity; &, the cock for introducing extraneous matter;
¢ d, cocks for admitting steam to the pipes; g, the safety-valve; %, the
escape pipe for the vapour of the condensing tube. The fuel is charcoal.
‘When in good working order a machine of the above size will produce,
according to the makers, as much Electricity as three 80-inch plate
glass machines.
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Mr. Walker (Elect. Mag. vol. i. p. 126) describes certain experi-
ments which were made in order to contrast the effects of the great
Polytechnic hydro-electric and glass electric machines, the plate of
the latter being seven feet in diameter. On placing the large battery
on an insulating stool between the prime conductor and the boiler,
and connecting the inner coating with the former, and the outer with
the latter, he several times failed in communicating a charge: on
reversing connexions it was accomplished more-readily, though in
far longer time than would have been required by the boiler alone.
Again, when the aurora obtained by passing the Electricity from the
prime conductor through an exhausted tube 4 or 5 feet in length,
was contrasted with that produced fromn the Electricity of the boiler
passing through the same tube, the latter was, by many degrees,
more brilliant ; but' when the boiler was connected with one end
of the tube, as it stood on an insulating stool, and the prime con-
ductor with the other, the brilliancy greatly diminished. It was at
first thought that if the earth in its normal condition could supply to
the boiler Electricity equivalent to the production of a certain effect
in a certain time, the prime conductor in its positively charged state
would produce a greater effect. The actual diminution of effect was,
however, on consideration connected with known laws, for, as the
maximum supply of positive Electricity which the conductor could
furnish was at most not a fourth of that required by the negative
boiler, and as the supply from the earth was unlimited, the whole
equilibrium was restored in the one case and only a portion of it in
the other.

(122) Peltier (L’ Institut, Aug. 7,1844) does not adopt the theory
that friction is the cause of the wonderful development of Electricity
,in the hydro-electric machine ; he refets it to chemical decomposition.
Every chemical action produces an electrical phenomenon, and every
solution however diluted it might be, being a chemical combination, it
follows that in the act of evaporation above a solution, the combined
element, by separating, produces the converse chemical action, that
of decomposition, and hence an electrical, phenomenon with signs con-
trary to the act of combination. The reason why electrical phenomena
are not manifested during slow evaporation, or even during the boiling
of water under simple atmospheric pressure, is, according to. Peltier,
that the vapour is not separated with sufficient suddenness from the
rest of the liquid, to carry away and retain the Electricity of the
chemical action of its separation, the neutralization by return being
made with too much facility in the moist atmosphere touching the
surface of the liquid. A boiler is but another means of obtaining
vapour at high tension, as it suddenly separates from the liquid; but .

;i
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the form which we are obliged to give it is very much opposed to
the free liberation of the Electricity, so that we obtain eomparatively
very small quantities of what is really produced. The quantities
depend not only on the internal pressure, but also on the jefs, which:
oppose or facilitate the neutralization by return. Hence it is, that
powerful locomotives have been seen to present but feeble elec-
trical results, while a small boiler may give them on a considerable
scale; when a saline solution is projected into a red-hot platina
capsule, it becomes insulated from the vessel, and its evaporation
goes on slowly, the temperature of the liquid never reaching the
boiling point of water. As however, the concentration proceeds,
particles of saline matter become déposited on the sides of the
vessel, and establish partial contacts between the liquid and the
metal, these particles of liquid are thus suddenly transformed into
elastic vapour, the tension of which is proportionate to the tempe-
rature at which it has been formed, and it is this vapour alone that
preserves the Electricity due to its passage from the liquid to the
gaseous state. The higher the temperature of the capsule, the
greater the quantity of Electricity preserved: below 230° Fah. Peltier
obtained no signs of Electricity. When in this experiment pure
water is substituted for the saline solution, no ZElectricity is
obtained, because no contact takes place between the liquid and the
metal, until the temperature of the latter has descended to about
230°, the evaporation then goes on too slowly to place an insulating
space between the vapour and the liquid, and the electric phenome-
non is completed by returning to a state of neutralization, by means
of the conductibility of the column of vapour. To obtain Electricity
from high pressure boilers, the conditions are, 1st, an internal pres-
sure of several atmospheres; 2nd, that the vapour shall be accom-
panied by a projection of water; and Peltier's view is; that the
Electricity is not brought out from the boiler by the escaping
vapour, but that it arises from the vapour of the drops of water that
are projected at a high temperature, a portion of which is imme-
diately vaporized. .

(123) Some interesting experiments are related by Peltier in illus-
tration of his view. By elevating an Electrometer immediately
underneath the column of vapour, given off by a locomotive engine
in motion, he found that the electrical signs were more consider-
able ag the rapidity of the train increased, they diminished as the
velocity diminished, and when the train was near stopping, all signs
of Electricity disappeared. This he explains by referring the elec-
trical phenomena to the quick separation of the liquid and vapour at
the' moment of its formation ; when the train was moving quickly
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the column of vapour was rapidly broken up into particles; as the
velocity diminished, the column became more united, and there
was therefore less electrical development. The more rare the
globular vapour, the greater the signs of positive Electricity; the
Electricity of an opaque column was on the contrary negative : it was
noticed also, that the condensation of the vapour on the ball of the
Electroscope suddenly changed the Electricity from positive to
negative, and that while the head of the column of vapour was positive
the tail was negative, the intermediate portions alternaling from
positive to negative according to the velocity of the train, the
quantity of the prevailing vapours, the rapidity of the evaporation,
and the state of the sky.

(124) Disruptive discharge—~We will now inquire a little more
minutely into the nature of electric discharge, which has been made
by Faraday the subject of close investigation (Experimental Researches,
13th and 14th series). The discharge which takes place between two
conducting surfaces is termed disruptive : it is the limit of the influence
which the intervening air or dielectric exerts in resisting discharge: all
the effects prior to it are inductive (82), and it consequently measures
the conservative power of the dielectric. It occurs not when all the,
particles have attained to a certain degree of tension; but when
that particle which is most affected has been exalted to the subvert-

“ing or turning point, all must then give way, since they are linked
together, as it were, by the influence of the constraining force, and
the breaking down of one particle must, of necessity, cause the whole
barrier to be overturned. In every case, the particles, amongst and
across which the discharge suddenly breaks, are displaced—the path
of the spark depending upon the degree of tension acquired by the
particles in the line of discharge.

(125) The spark may be considered then, as a discharge, or lower-
ing of the polarized inductive state of many dielectric particles by a
particular action of a few of the particles occupying a very small and
limited space: all the previously polarized particles returning to
their first or normal condition in the inverse order in which they left
it, and uniting their powers meanwhile, to produce, or rather to
confinue, the discharge effect in the place where the subversion of
force first oceurred.

We have given this explanation in the words employed by
Faraday, that no misconception of his meaning may arise. He is of
opinion that a peculiar temporary state is assumed by the particles
situated where discharge occurs; that they have all the surrounding
forces thrown upon them in succession, and that they are not merely
pushed apart ; that the whole terminates by a discharge of the powers

2
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by some, as yet, unknown operation, the ultimate effect being exactly
as if a metallic wire had been put into the place of the discharging
particles.

(126) The electric spark presents different appearances when
taken in different elastic media. In air, they have, when obtained
with brass balls, a well-known intense light, and bluish colour, with
frequently faint or dark parts in their course, when the quantity of
Electricity passing is not great. In nifrogen they are very beautiful,
having the same general -appearance as in air, but more colour, of a
purple or bluish character; and Faraday thought that they were
remarkably sonorous. In oxygen they are whiter, but not so brilli-
ant as in common air. In hydrogen they are of a fine erimson colour,
and have very little sound in consequence of the physical condition
of the gas. In carbonic acid gas they have the same general appear-
ance as in air, but are remarkably irregular. Sparks can be obtained
under similar circumstances, much longer than in air, the gas show-
ing a singular readiness to pass the discharge. In muriatic acid gas,
when dry, they are nearly white, and always bright throughout. In
coal gas they are sometimes green and sometimes red, and occasion-
ally one part is green and another red. Black parts also occur very
suddenly in the line of the spark, i. e. they are not connected by any
dull part with bright portions, but the two seem to join directly one
with the other.

It is the impression of Faraday that these varieties of character
are due to a direct relation of the electric powers to the particles of
the dielectric through which the discharge occurs, and are' not the
mere results of a casual ignition, or a secondary kind of action of the
Electricity upon the particles which it finds in its course and thrusts
aside In its passage. It was remarked by M. Fusinieri, that when a
spark takes place between a surface of silver and another of copper, a
portion of silver is carried to the copper, and of copper to the silver;
and Dr. Priestley observed, that if a metallic chain be laid upon a
sheet of paper, or a plate of glass, and a strong discharge sent
through it, spots will be produced upon it of the size and colour of
each link, parts of which will be found to be fused into the substance
. of the glass. _

(127) The Electrical Brush—~The phenomenon of the electrical
brush has been shown by Professor Wheatstone to consist of succes-
sive intermitting discharges, although it appears continuous. If an
insulated conductor, connected with the positive conductor of an
electrical machine, have a metallic rod 0'3 of an inch in diameter,
projecting from it outwards from the machine, and terminated by a
rounded end or small ball, it will generally give good brushes; or if
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the machine be not in good action, then many ways of assisting the
formation of the brush may be resorted to; thus, the hand, or any
large conducting surface, may be approached towards the termination
to increase the inductive force ; or the termination may be smaller,
and of badly conducting matter, as wood: or sparks may be taken
between the prime conductor and the secondary conductor, to which
the termination giving brushes belongs; or, (which gives to the
brushes exceedingly fine characters and great magnitude,) the air
around the termination may be rarefied, more or less, either by heat
or the air-pump, the former favourable circumstances being also
continued. When obtained by a powerful machine, or a ball about
07 of an inch in diameter at the end of a long brass rod, attached to
the positive prime conductor, it has the general appearance, as to
form, represented in Fig. 62. A short - conical Iig. 62
bright part or root appears at the middle part of -
the ball, projecting directly from it, which at a
little distance from the ball breaks out suddenly
into a wide brush of pale ramifications, having a
quivering motion, and being accompanied at the
same time with a low dull chattering sound. The
general brush is resolvable into a number of indi-
vidual brushes, each of which is the result of a
single discharge—each is instantaneous in its exist-
ence, and each appeared to Faraday to have the
conical root complete. The sound is due to the
recurrence of the noise of each separate discharge, which, happening
at intervals nearly equal, under ordinary circumstances causes a
definite note to be heard, which, rising in pitch with the increased
rapidity and regularity of the intermitting discharges, gives-a ready
and accurate measure of the intervals, and so may be used in any
case when the discharge is heard, even though the appearances may
not be seen, to determine the element of time.

(128) The brush is, in reality, a discharge between a bad, or a
non-conductor, and either a conductor or another non-conductor. It
is explained by Faraday on the principles of induction, which, taking
place between the end of an electrified rod and the walls of a room,
across the dielectric air, polarizes the particles of air; those which
are nearest to the end of the wire being most polarized, and those
situated in sections across the lines of inductive force towards the
walls being least polarized. In consequence of this state, the par-
ticle of air at the end of the wire is at a tension that will immediately
terminate in discharge, while in those even only a few inches off the
tension is still beneath that point. When the discharge takes place,
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the particle of air in the immediate vicinity of the rod instantane-
ously resumes its polarized state, the wire itself regaining its electri-
cal state by induction ; the polarized particle of air exerts a distinct
inductive act towards the further particles, and thus a progressive
discharge from particle to particle takes place. The difference
between the brush discharge and the spark is, that in the former
discharge begins at the root (127), and extending itself in succession
to all parts of the single brush, continues to go on at the root and
the previously-formed parts, until the whole brush is complete ; then,
by the fall in intensity and power at the conductor, it ceases at once
in all parts, to be renewed when that- power has risen again to a
sufficient degree; but in the latter, the particles in the line of
discharge being, from the eircumstances, nearly alike in their inten-
sity of polarization, suffer discharge so nearly at the same moment
as to make the time quite insensible to us. Mr. Wheatstone found
that the brusk generally had a sensible duration, but he could detect
no such effect in the spark.

(129) According to Faraday, the brush may be considered as a
spark to air; a diffusion of electric force to matter, not by conduction,
but by disruptive discharge; a dilute spark, which, passing to very
badly conducting matter, frequently discharges but a small portion
of the power stored up in the conductor: for as the air charged re-
acts on the conductor, whilst the conductor, by loss of Electricity,
sinks in its force, the discharge quickly ceases, until, by the
dispersion of the charged air, and the renewal of the excited con-
ditions of the conductor, circumstances have risen up to their first
effective condition, again to cause discharge, and again to fall and rise.

(130) By making a small ball positive by a good electrical machine
with a large prime conductor, and approaching a large uninsulated
discharging ball towards it, very beautiful variations from the spark
to the brush may be obtained. In Fig. 62 the general appearance of
a good brush is exhibited ; but if the hand, a ball, or any knobbed
conductor be brought near, the extremities of the coruscations turn
towards it and each other, and the whole assumes various forms, ac-
cording to circumstances, as shown in Figs. 63,64, 65. The curvature
of these ramifications illustrates, in a beautiful manner, the curved
form of the lines of inductive force existing previous to discharge,in the
same manner as iron filings strewed on a sheet of paper placed over a
magnet represent magnetic curves; and the phenomena are con-
sidered by Faraday as constituting additional and powerful testimony
in favour of induction through dielectries in curved lines (78), and of
the lateral relation of these lines by an effect equivalent to a repulsion
producing divergence, or, as in the cases figured, the bulging form.
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Fig. 63.

(131) Discharge in the form of a brush is favoured by rarefaction
. of the air, in the same manner and for the same reason as discharge
in the form of a spark. It may be obtained not only in air and gases,
but also in much denser media. Faraday procured it in oil of turpen-
tine, but it was small, and produced with difficulty. He also found
that, like the spark, the brush has specific characters in. different
gases, indicating a relation to the particles of these bodies, even in a
stronger degree than the spark. In nitrogen, brushes were obtained
with far greater facility than in any other gas ; and when the gas was
rarefied, they were exceedingly fine in form, light, and celour; in
oxygen, on the other hand, they were very poor. :
(132) The peculiar characters of nitrogen in relation to the electric
discharge must, Faraday observes, have an important influence over
the form and even the occurrence of lightning, being that gas which
most readily produces coruscations, and by them extends discharge to
a greater distance than any other gas tried, it is also that which con-
stitutes four-fifths of our atmosphere ; and as in atmospheric electrical
phenomena, one, and sometimes both the inductive forees are resident
on the particles of the air, which, though probably affected as to con-
dueting power by the aqueous particles in it, cannot be considered as
a good conductor; so the peculiar power possessed byenitrogen to
originate and effect discharge in the form of a brush or of ramifications,
has probably an important relation to its electrical service in nature,
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as it most seriously affects the character and condition of the discharge
when made. v

(133) The characters of the luminous appearances at the ends of
wires charged positively and negatively are represented in Fig. 44.
Faraday has paid considerable attention to the difference of discharge
at the positive and negative conducting surfaces. According to his
observations, the effect varies exceedingly under different circum-
stances. It is only with bad conductors, or metallic conductors
charged intermittingly, or otherwise controlled by collateral induction,
that the brush and star are to be distinctly distinguished: for if
metallic points project freely into the air, the positive and negative
lights difter very little in appearance, and the difference can be
observed only upon close examination. If a metallic wire with a
rounded termination in free air, be used to produce the brushy dis-
charge, then the brushes obtained when the wire is charged
negatively are very poor and small by comparison with those pro-
duced when the charge is positive : or, if a large metal ball connected
with the electrical machine be charged positively, and a fine uninsu-
lated point be gradually brought towards it, a star appears on the
point when at a considerable distance, which, though it becomes
brighter, does not change its form of a star until it is close up to the
ball ; whereas, if the ball be charged negatively, the point at a con-
siderable distance has a star on it as before; but when brought
nearer, (within about 1} inch,) a brush forms on it, extending to the
negative ball; and when still nearer, (at 4 of an inch distance,) the
brush ceases, and brlght sparks pass.

(134) The successive discharges from a rounded metallic rod 03
of an inch in diameter, projecting into air when charged negatively,
are very rapid in their recurrence, being seven or eight times more
numerous in the same period than those produced when the rod is
charged positively to an equal degree ; but each brush earries off far
less electric force in the former case than in the latter. Faraday
also perceived a very important variation of the relative forms and
conditions of the positive and negative brush, by varying the diclec-
tric in which they were produced. The difference, indeed, was so
great, as to point out a specific relation of this form of discharge to
the particular gas in which it takes place, and opposing the idea that
gases are but obstructions to the discharge, acting one like another,
and merely in proportion to their pressure. Generally speaking,
when two similar small conducting surfaces equally placed in air, are

" electrified, one positively and the other negatively, that which is
negative can discharge to the air a¢ a tension a little lower than that
required for the positive ball, and when discharge does take place,
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much more passes at each time from the positive than from the
negative surface.

(135) Glow discharge—When a fine point is used to produce
disruptive discharge from a positively charged conductor, the brush
gives place to a quiet phosphorescent continuous glow, covering the
whole of the end of the wire, and extending a small distance into the
air. Occasionally this glow takes the place of the brush, when a
rounded wire 0'8 of an inch in diameter is used, and the finer the
point the more readily is it produced: thus, diminution of the
charging surface produces it : increase of power in the machine tends
to it, and it is surprisingly favoured by rarefaction of the air. A
brass ball 2% inches in diameter, when made positively induectric (82)
in an air-pump receiver, becomes covered with a glow over an area of -
two inches in diameter, when the pressure is reduced to 4-4 inches of -
mercury. By a little adjustment, Faraday succeeded in covering the
ball all over with this light ; using a brass ball 1-25 inches in diameter,
and making it inducteously positive by an inductric negative point,
the phenomena at high degrees of rarefaction were exceedingly
beautiful. The glow came over the positive ball, and gradually
increased in brightness, until it was at last very luminous, and it
stood up like a low flame, half an inch or more in height. On
touching the sides of the glass jar, this lambent flame was affected,
assumed a ring form, like a crown on the top of the ball, appeared
flexible, and revolved with a comparatively slow motion, i. e., about
four or five times in a second.

(186) The glow is always accompanied by a wind proceeding either
directly out from the glowing part, or directly towards it. Faraday
was unable to analyse it into visible elementary intermitting dis-
charges, nor could he obtain the other evidence of intermitting action
—namely, an audible sound (127). It is difficult to produce it at
common pressures with negative wires, even on fine points, though in
rarefied air the negative glow can easily be obtained.

(137) All the effects tend to show that glow is due to a continuous
charge or discharge of air; in the former case being accompanied by
a current from, and in the latter case by one to, the place of the
glow. As the surrounding air comes up to the charged conductor,
on attaining that spot at which the tension of the particles is raised
to the sufficient degree, it becomes charged, and then moves off by
the joint action of the forces to which it is subject, and at the same
time that it makes way for other particles to come and be charged in
turn, actually helps to form that current by which they are brought
into the necessary position. Thus, through the regularity of the
forces, a constant and quiet result is produced, and that result is, the
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charging of successive portions of air, the production of a current
and of a continuous glow.

(188) By aiding the formation of a current at its extremity, the
brush at the termination of a rod may be made to produce a glow,
and on the other hand by affecting the current of air, by sheltering
the point from the approach of air, it is not difficult to convert the
glow into brushes. The glow is assisted by those circumstances
which tend to facilitate the charge of the air by the excited con-
ductor, the brusk by those which tend to resist the charge of the
same; and those which favour intermitting discharge in a more
exalted degree favour the production of the spark. Thus the transi-
tion from the one to the other may be established in various ways:

" by rarefying the air, by removing large conducting surfaces from the
neighbourhood of a glowing termination, or by presenting a sharp
point towards it, we help to sustain the glow; and by condensing
the, neighbourhood of a discharging ball, or by presenting the hand
gradually towards it, we convert the glow into the brush or
spark.

(1389) Before proceeding further, it may be useful to give a general
summary of the views of Faraday relating to induction. His theory
is not intended to offer anything new as to the nature of the electric
force or forces, but only as to their distribution. It undertakes to
state how the powers are arranged, to trace them in their gemeral
relations to the particles of matter, to determine their general laws,
and the specific differences which occur under these laws.

(140) The theory assumes:

1°, That -all the particles, whether of insulating or conducting
matter, are, as wholes, conductors.

2°. That not being in their normal state polar, they can become so
by the influence of neighbouring charged particles, the polar state
being developed at the instant, exactly as in an insulating conducting
mass consisting of many particles.

8°. That the particles when polarized are in a forced state, and
tend to return to their normal or natural condition.

4°. That being, as wholes, conductors, they can readily be charged
either bodily or polarly.

5°. That particles which, being contiguous, are also in the line of
inductive action, can communicate or transfer their polar forces to
one another more or less readily.

6°. That those doing so less readily require the polar forces to be
raised to a higher degree before this transference or communication
takes place.

7°. That the ready communication of forces between contiguous
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‘particles constitutes conduction, and the difficult communication
tnsulation ; conducters and insulators being bodies whose particles
naturally possess the property of communicating their respective
forces, easily or with difficulty ; having these differences just as they
have differences of any other natural property.

8°. That ordinary induction is the effect resulting from the action
of matter charged with excited or free Electricity, upon insulating
matter, tending to produce in it an equal amount of the contrary
state.

9°. That it can do this only by polarizing the particles contiguous
to it, which perform this office to the next, and these again to those
beyond ; and that thus the action is propagated from the excited
body to the next conducting mass, and these render the contrary
force evident, in consequence of the effect. of commimication which
supervenes in the conducting mass, upon the polarization of the
particles of that body.

10°. That therefore induction ean only take place through or across
insulators : that induection is insulation, it being the necessary con-
sequence of the state of the particles, and the mode in which the
influence of electrical forces is transferred or transmitted through or
across each insulating medium,
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CHAPTER V.

The Leyden phial and battery—Laws of accumulated Electricity—Specific
"inductive capacity—Lateral discharge—~Physiological and chemical effects of
frictional Electricity.

(141) Accumulation. of Electricity—The Leyden Phial.—In a
previous chapter (89) it has been shown that a higher charge may be
communicated to the gold leaf Electroscope while under the inftuence
of a second plate not insulated. To illustrate this property of the
second plate we have only to bring it as close as possible, without
touching, to the inductric plate, and communicate a charge to the
latter; then, on removing the second plate, the accumulation which
has been effected will be indicated by an expansion of the gold
leaves considerably beyond the original amount. This divergence of
the gold leaves is to be considered as occasioned by the attraction in
opposite directions of the oppositely electrified inducteous bodies.

(142) When an excited glass tube is brought near to the cap of
the Electroscope, the second plate (connected with the earth) being
close to it, the gold leaves do not open nearly so much as if the
second plate were not there, because induction taking place through
the intervening plate of air to the nearest body, viz. the inducteous
or second plate, the Electricity of the same kind as that of the cap of
the instrument, becomes diffused over the earth (89); but when
the second plate is removed, the leaves diverge much more than if it
had not been there, because they have received a higher charge.
Now, in this case, the intervening air has received a higher polar
tension, which it will be understood, arises entirely from the close
proximity of the charged body to a conductor to the earth: the
thinner the intervening stratum of air, the higher the degree of
polar tension that can be attained, and the rise of force is limited by
the mobility of the particles of the air, in consequence of which the
equilibrium is restored either silently or by a spark.

(143) If, instead of a plate or stratum of air, we employ a solid
dielectric, such as glass, the tension which may be assumed is limited
only by its cohesive force. Thus, if we place a plate of glass
between two circular pieces of tin, insulated, and connect one plate
with the prime conductor of an electrical machine, we shall have an
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arrangement precisely similar to the condenser (Fig. 83), except
that the intervening dielectric will be glass instead of air: on
connecting the other plate with the earth to destroy its polar state,
and working the machine, the particles of the glass will become
powerfully polarized ; and if, instead of connecting one of the plates
with the earth, we touch it from time to time with the knuckle, a
series of sparks will be obtained, occasioned by the repulsion of the
positive Electricity naturally present in the tin plate, by induction
through the glass from the opposite plate electrified by the machine.
After a time these will’ cease, and on removing the wire connecting
the plate with the prime conductor, it will be charged with positive,
while the other plate will be charged with negative Electricity, both
in a high state of tension. If now both plates are connected by
means of a curved wire, discharge results, attended with a vivid flash
and a loud snap.

(144) The same effects will be produced by coating either side of a
pane of glass with tin-foil, leaving about 14 inch all round uncovered,
and it is quite clear that the surfaces of dielectrics and conductors
may be arranged in different forms without impairing the effects.
(llass jars or bottles are found much more convenient in practice
than squares of coated glass; and the gquantity of Electricity which
may be accumulated depends upon the extent of the coated surface ;
its dntensity on the thinness of the glass.

(145) It may be as well here to state the meaning we attach to
the words {fension and intensity; terms in constant wuse, but
respecting which some confusion appears to exist in the writings of
many electricians. 'We are disposed to adopt the views of Harris
(Phil. Trans., 1834), according to which, infensity in common
Electricity should be limited to the indications of an Electrometer
employed to determine by certain known laws of its relationssto an
accumulated charge,—the quantity accumulated, or any other elec-
trical element required to be known. Thus, by the use of certain
instruments, it is found that with a quadruple attractive force there
i8 fwice the quantity of Electricity accumulated (60), and so on, the
surface remaining the same; again, with a double extent. of*surface,
the same quantity is accumulated as before, when only one-fourth
the force is indicated by the Electrometer.* The relations of the
indications of the quadrant Electrometer, or of any other Electro-
meter, to the quantity accumulated, &c. &c., Harris considers as
coming under the term intensity ; for they show, at the same time,

* See Harris's papers in the Transactions of the Royal Society for 1836, Part 2;
and for 1839, Part 2.
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the force of the charge upon surrounding bodies. Zension, Harris
applies to the actual force of & charge to break down any non-
conducting or dielectric medium between two terminating electrified
planes. For example, take a coated pane of glass, and charge it in
the usual way; then the absolute force exerted by the charge in the
intervening glass—the force exerted by the polarized particles of the
glass to get out of their constrained state, may be expressed by the
term fension ; and there would be no contradiction or superfluity of
terms to talk of the intensity of the tension in this sense.

(146) The sum of the matter appears to be this:—zension applies
to the particles of the electric agency itself,—to a force, in short,
such as Faraday has shown to exist in the polarized state of particles
of matter, to unfetter themselves, as it were; whereas infensity
applies to the attractive forces between the terminating plates which
are the boundaries of the system, as when a plane, counterpoised at
the end of a beam, is caused to descend upon another plane beneath
it, by electrical attraction, the weight in the scale pan requisite to
balance this force is the intensity between the planes; whereas the
tension of the charge between them refers to the polarized particles
of the dielectric medium,—that is, to the force, whatever it be, by
which they endeavour to return to their primitive state. Now, the
attraction between the planes may be conceived to be the result of
the induction sustained by the particles of the dielectric between
them, the forece of which may be called ¢ntensity ; and this may differ
from the re-active force in the polarized particles themselves,—that
is, the force they exert to return to their primitive state. It may be
also that this last force is in proportion to the quantity of disturbance
in the particles, or in proportion to the quantity of Electricity deve-
loped in the terminating planes or coatings; whilst the intensity, or
force of attraction between the coatings, supposing them free to
move, might be as the square of the quantity of Electricity.

(147) It is very justly observed by Harris, that it would be almost
as well perhaps if the term fension were banished from common
Electricity altogether, as being too hypothetical a word for our
present knowledge of Electricity, inasmuch as it is essentially
applicable to some species of elastic force. Now, we do not know
whether Electricity be a force of this kind or not. The term
intensity is not open to this objection, because it simply expresses
the energy or degree of power with which a particular force operates,
be that force what it may.

(148) Glass jars, coated on each side with tin-foil, are well known
by the name of Leyden phials, from their having been first con-
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- structed by Muschenbroek and his friends at Leyden (8). In practice
it is found impossible to diminish the thickness of the glass beyond a
certain extent, as the constrained position of its polarized particles is
apt to rise so high as to destroy its cohesive force, and the charge
breaks its way through the glass. Fig. 66 represents a Leyden
phial of the usual construetion, with the discharging rod furnished
with a glass handle in the position in " Fig. 66.
which it is placed, in the get of dis- )
‘charging the jar by establishing a
metallic communication between the
outer and inner metallic coatings.
The wire which passes through the-
varnished mahogany cover of the
jar, is terminated at one end’by a
brass ball, and at the other by a chain
reaching to the bottom of the jar.

(149) To charge the Leyden
phial, its knob should be held about
half an inch from the prime conductor, the hand grasping the outer
coating. A series of sparks take place between the knob and the
conductor, which continue for some time and then cease. The jar is
now charged, its inside containing positive, and its outside negative
Electricity, their union being prevented by the interposed glass. If
the jar be very thin, and the tension of the Electricity considerable,
discharge frequently takes place through the glass, which thus
becomes perforated and useless; or, if the metallic coatings extend
too near the mouth of the jar, the discharge is very apt to pass over
the uncoated surface in the form of a bluish lambent brush of flame,
constituting a spontaneous discharge. But if neither of these acci-
dents occur, still the jar as thus constructed cannot be kept.charged
long, neutralization taking place more or less rapidly by the con-
ducting substances present in the surrounding atmosphere. It is
advisable to varnish the glass above the coating with a solution of
gum lac in alcohol, or with the common spirit varnish of the shops,
taking care to warm the jars before and after its application.

(150.) In Fig. 66 the Leyden phial is represented as undergoing
discharge by an instroment for the purpose; it is not, however,
advisable to discharge large phials by placing one of the balls of the
discharging rod against its side in this manmuer, there being some -
risk of breaking them by the explosion, especially if the glass be
thin. The best plan is to place the phial upon a sheet of tin-foil
considerably larger than the bottom of the jar, to place the lower
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ball of the discharging rod upon the metal, and then to bring the-
other ball quickly within the striking distance of the knob of the
jar; by this method the Electricity becomes diffused over a larger
surface, and is not concentrated to a single point of the glass, the
risk of fracture of which is necessarily diminished in consequence.

(151) When narrow-mouthed jars or bottles, as the common
sixteen ounce phials of white glass (which from their thinness form
excellent electric jars), are used, some persons coat them mternally
with brass filings instead of tin-foil, on account of the difficulty of
applying the latter to their interior ; for this purpose some thin glue
should be poured into them, and the bottle turned slowly round
until its inner surface is covered to about three inches from the
mouth. Brass filings are then put in, and the bottle well shaken, so
that they may be diffused equally ov®r its surface; on inverting it,
those which are in excess will fall out, and the bottle will be left
tolerably well coated internally. This method, however, rarely
answers well ; a better one is, to melt equal parts of lead and tin, and
whilst fused, to add quicksilver enough to keep the whole fluid whilst
warm, and in this condition to pour it into the bottle, turning the
latter round and round in various ways till the whole of the inside
is covered with amalgam. A little bismuth keeps the whole fluid at
a lower temperature. This plan answers very well for coating

Fig. 67. internally large green glass carboys, though no
experimentalist is advised to go to the trouble
of fitting up these vessels, as they generally
prove useless, probably on account of the im-
perfection of the dielectric.

(152) By the construction shown in Fig. 67
the influence of external causes in dissipating
the charge of a Leyden jar may to a consider-
able extent be prevented. The jar is coated
with tin-foil as ‘usual, but a glass tube lined
internglly to rather more than half its length
8,4 from the bottom, and surmounted with a brass
il cap, is cemented firmly into the wooden cover.
A communication is established between the
brass cap and the internal coating by a small
brass wire passing loosely through it, and ter-
minating in a small knob. This wire touches
the inside of the glass tube. The jar is charged
in the usual manner: the wire may then be
removed by inverting the jar; the internal coat-

[T —
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ing is thus cut off from contact with the exfernal air, and the
dissipation of the charge prevented. Jars thus arranged have been
known to retain their charge for days, and even for weeks.

In Fig. 68 a good method of fitting up the Leyden
phial is shown: the wire communicating with the
interior coating passes through a glass tube extend-
ing above and below the cover about six inches.
The eover is thus insulated from the inside coating,
dust is excluded, and a greater stability is given to
the wire. Thus arranged, the jar will retain its
charge much longer than on the usual plan. It was
contrived by Mr. Barker.

(153) The arrangement of the Rev. F. Lockey, by
which the fracture of large jars is almost with
certainty prevented, is shown in Fig. 69. The wire,
instead of communicating with the interior coating
by means of a metallic chain, screws into the Fig. 69,
bar of wood @, which is covered with tin-foil,
the sides of which press lightly against the
inner coating of the jar; two slender pieces of
wood, &, ¢, also covered with tin-foil, are mor-
ticed into the bar a, and kept in place by a
brass pin at d4; the other extremities press
against the sides of the jar close to the bottom:
wide-mouthed jars should be employed, and if
they slope towards the bottom, the firmer can
the bar « be fixed: no covers are required. The
advantage of this arrangement will be imme-
diately perceived; there being a metallic communication between the
knob and four different points of the inner coating, the force of the
discharge is divided into four parts, and not only is the risk ot
fracture decreased thereby, but a complete discharge of the jar is
ensured. l

A curious fact connected with the fracture of jars, first noticed by
Priestley (History, p. 611), and afterwards confirmed by Bachhoffner
(Elect. Mag., vol. i. p. 282), is, that though a ready passage for
restoring the electrical equilibrium is opened by the bursting of the
jar, the transmission of the charge takes place through the appro-
priated circuit without any apparent loss of power. Bachhoffner
refers the occasional bursting of jars to an unequal arrangement of
particles in certain parts of the glass, whereby the assumption of the
polarized state is impeded, so that at these parts more or less time
may be requisite to effect an equal degree of polarized intensity

I
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corresponding to the other portions of the jar, and in like manner
during discharge more or less time would be necessary to effect their
restoration to the natural state.

(154) Sir William Harris fits up his jars as
seen in Fig, 70. The mouths are open, and the
charge is conveyed to the bottom of the jar by
a copper tube, G H, three-eighths of an inch
in diameter. This tube terminates in a ball, F,
of baked wood, and is kept in its place by a
convenient foot firmly cemented to the bottom
of the jar, which is previously covered with a
circle of pasted paper leaving a central portion
of the coating free, for the perfect contact of
the charging rod, G- H, which passes through
the centre of the foot as shown by the dotted
lines in the figure. When the jars are either
employed singly, or are united so as to form a
battery (77), they should be placed on a con-
ducting base supported by short columns of
glass, or some other insulating substance, so that the whole can
be insulated if necessary.

Fig. 71. In order to allow the jars to be charged and
discharged with precision, Harris connects them
with what he calls two centres of action, A and B,
Fig.71. The first of these, A, consists of a brass
ball which slides with friction on a metallic rod,
A D, so as to admit of its being placed at any
required height. This ball has a number of holes
perforated in its circumference to receive the point
of the rod or rods which connect it with the jar
or jars. The rod, A B, which supports this ball,
may be either insulated on a separate foot, and
connected with the prime conductor, or it may be
inserted directly into it. The second centre of
action consists of a larger ball of metal, B, attached
to a firm foot, and placed on the same conducting
base with the jar so as to be perfectly connected
with it. 'When the first centre of action, A,
requires to have a separate insulation, the insu-

= lating glass rod is screwed immediately into the
m@ lower ball, B, and sustains the metallic yrod above
described by the intervention of a ball of baked wood, D, the
opposite end of the rod terminating in a similar ball, C, through the
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substance of which the conducting communication with the machine
passes when it is placed on a separate foot. All the metallic con-
nections should be covered with sealing-wax except at the points of
junction, and the wooden balls and different insulations should be
carefully varnished. (Encycl. Brit., art. Electricity.)

(155) The discharge of the jar is the passage of the electrical
forces in their primary state of activity, from a state of tension, into
their secondary condition, known as the electrical current. The
velocity with which this is effected is so enormous, that it may be
regarded as momentary. Nevertheless, the rate at which the forces
travel has been measured by Professor Wheatstone, and shown to'
exceed that of light itself. (Phil. Trans. 1834.)

Light is about eight minutes thirteen seconds in passing from the
sun to the earth, so that it may be considered as moving at the rate
of one hundred and npinety-two thousand miles in a second, per-
forming the tour of the world in about the same time that it requires
to wink with our eye-lids, and in much less than a swift runner
occupies in taking a single stride.

The sun is ninety-five millions of miles from the earth, and almost
a million times larger: the sun being 882,000 miles in diameter, and
the earth 8,400 miles. Yet its magnitude, as viewed from the
earth, scarcely exceeds that of the moon, which is not more than
one-fourth the diameter of our globe, being 2,160 miles in diameter.
Such, however, is the velocity of light, that a flash of it from the sun
would be seen in little more than eight minutes after its emission ;
whereas the sound evolved at the same time (supposing a medium
like air capable of conveying sound between the sun and the earth),
would not reach us in less than fourteen years and thirty-seven days,
and a cannon ball, proceeding with its greatest speed, in not less
than twenty years.

(156) The velocity of Electricity is so great, that the most rapid
motion that can be produced by art appears to be actual rest when
compared with it. A wheel, revolving with a rapidity sufficient to
render its spokes invisible, when illuminated by a flash of Electricity,
is seen for an instant with all its spokes distinct, as if it were in a
state of absolute repose; because, however rapid the rotation may
be, the light has come and already ceased before the wheel has had
time to turn through a sensible space; insects on the wing appear
fixed in the air; vibrating strings are seen at rest in their deflected
positions; and a rapid succession of drops of water, appearing to the
eye a continuous stream, is seen to be what it really is. The
following experiment was made by Wheatstone :—A. circular piece of
pasteboard was divided into three sections, one of which was painted

¥ 9
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blue, another yellow, and a third red; on causing the dise to revolve
rapidly it appeared white, because a sun-beam consists of a mixture
of these colours, and the rapidity of the motion caused the distinction
of colours to be lost to the eye: but the instant the pasteboard was
illuminated by the eleetric spark, it seemed to stand still, and each
colour was as distinct as if the disc were at rest.

By a beautiful application of this principle, Wheatstone contrived
an apparatus by which he has demonstrated that the light of the
electric discharge does not last the millionth part of a second of
time. Tis plan was to view the image of a spark reflected from a
plane mirror, which, by means of a train of wheels, was kept in rapid
rotation on a horizontal axis. The number of revolations performed
by the mirror was ascertained by means of the sound of a siren
connected with it, and still more successfully by that of an arm
striking against a card, to be 800 in a second, during which time the
image of a stationary point would describe 1,600 circles; and the
elongation of the spark through half a degree, a quantity obviously
visible, and equal to one inch, seen at the distance of ten feet, would
indicate that it exists 1,152,000th part of a second. A jar was dis-
charged through a copper wire half a mile in length, interrupted both
in the middle and also at its two extremities, so as to give three
distinct sparks. The deviation of half a degree between the two
extreme sparks would indicate a velocity of 576,000 miles in a
second.  This estimated velocity is on the supposition that the
Electricity passes from one end of the wire to the other; if however
the #wo fluids in one theory, or the disturbance of equilibrium in the
other, travel simultaneously from the two ends of the wire, the
two external sparks will keep their relative positions, the middle one
alone being deflected ; and the velocity measured will be only one-
half that in the former case, viz. 288,000 miles in a second.

(157) The following were the results actually obtained. In all
cases, when the velocity of the mirror exceeded a certain limit, the
three sparks were elongated into three parallel lines, and the lengths
became greater as the velocity of the mirror was increased. The
greatest elongation observed was about 24°, indieating a duration of
about the 24,000th part of a second. The lines did not always
commence at the same places: sometimes they appeared immediately
below the eye, sometimes to the right, at other times to the left, and
occasionally they were out of view altogether. This indeterinination
was owing to the arm not always taking the spark at the same
distance from the discharger, several discharges were therefore re-
quired to be made before the eye could distinctly observe the
appearances. When the velocity was low, the terminating points



VELOCITY OF ELECTRICITY, 117

appeared to be exactly in the same vertical line, but when the
velocity was considerable and the mirror revolved towards the right,
the lines assumed this appearance : —————— — when it revolved
towards the left, they appeared thus: ——————— in no case were
they seen thus: 7=———-— or thus: _ ————— a3 re-
quired by the hypothesis of a single fluid.

The spark board was 10 feet from the mirror, and the duration
between the extreme sparks and the middle one could not have
exceeded one-half of a degree. The general conclusions drawn from
the experiments were ¢ 1st. That the velocity of Electricity through
a copper wire exceeds that of light through the planetary space.
2nd. That the disturbance of the eleciric equilibrium in a wire
communicating at its extremities with the two coatings of a charged
jar, travels with equal velocity from the two ends of the wire, and
occurs latest in the middle of the circuit. 8rd. That the light of
Electricity in a' state of high tension has less duration than the
millionth part of a second; and 4th. That the eye is capable of
perceiving objects distinctly, which are presented to it during the
same interval of time.

(158) The quantity of Electricity accumulated in a jar or battery
may be roughly estimated by the number of turns of the machine, or
more correctly by the unit jar (Fig. 96) ; its intensity may beé approx--
imately determined by the amount of repulsion between any two
moveable bodies under its influence, or rather by the amount of their
opposite attractions by surrounding bodies under their inductive
influence.

In Fig. 72 is shown the quadrant electrometer, invented F,g 72
by Henley for this purpose. It conmsists of a graduated f
semicircle of ivory fixed to a rod of wood d. From the ,
centre of o descends a light index, terminating in a pith-
ball, and readily moveable on a pin. To use if, it is removed P
from its stand and screwed upon the jar or battery, the
charge of which it is intended to indicate: as it increases,
the pith-ball moves from its centre of suspension, and
measures the intensity upon the graduated semicircle.

(159) When a series of explosions from a Leyden phial is required
for any particular purpose, it is useful to have a contrivance by
which the discharges can be effected without the interference of the
operator. Fig. 73 represents the apparatus of Mr. Lane for this
purpose. ais the prime conductor of an electrical machine; b the
jar, on the wire communicating with the interior of which is fixed
the arm of varnished glass ¢, on the end of this is cemented the
brass knob b ; through this ball the wire f d slides, so that the ball
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d may be brought to any required distance
from the knob of the jar e. A simple
inspection of the figure will show how
this discharging electrometer acts, and
how, by increasing or lessening the dis-
tance between d and e, the strength of the
charge may be regulated.

(160) Another useful instrument is
the balance electrometer of Cuthbertson,
shown in Fig. 74. A Bis a wooden stand,
about eighteen inches long and six broad, in
which are fixed two glass supports d e,
mounted with brass balls; under the ball
d is a brass hook : the ball 4 is made of two hemispheres, the under one
being fixed to the brass mounting, and the upper one turned with a
groove to shut upon it, so that it can be taken off at pleasure: it is
screwed to a brass tube about four inches long, fitted on to the top of
e ; from its lower end proceeds an arm carrying the piece f ¢, being two
hollow balls and a tube, which together makes nearly the same length
as that fitted on to e: g %, is a straight brass wire, with a knife-edged
centre in the middle, placed a little below the centre of gravity, and
equally balanced with a hollow brass ball at each end, the centre or
axis resting upon a proper shaped piece of brass fixed in the inside of
the ball &; that part of the hemisphere towards % is cut open to
Fig. 74.

permit that end of the balance to descend till it touches d; and the
upper hemisphere b is also cut open: the arm g is divided into sixty
grains, and furnished with a slider, to be set at the number of grains
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the experiment requires: k£ is a common Henley’s Electrometer
screwed upon the top of 3. The slider is placed loosely on the arm
g, so that as soon as g his oub of the horizontal position it slides
forward towards f, and the ascending continues with an accelerated
motion till % strikes d.

Now suppose the instrument to be applied to a jar as in the figure ;
a metallic communication by a wire or chain is established between
¢ and the inside of the jar, % is screwed upon b with its index point-
ing towards k, the increase of the charge in the jar is thus shown:
suppose the slider to be set at fifteen grains, it will cause g to rest
upon f with a pressure equal to that weight: as the charge increases
in the jar the balls fand g become more and more repulsive of each
other; and when the force of this repulsion is sufficient to raise
fifteen grains, the ball ¢ rises, the slider moves towards b, and the
ball , coming rapidly into contact with d, discharges the jar, and as
the force of the repulsion depends upon the intensity of the charge,
the weight it has to overcome affords a measure of this intensity, and
enables the experimenter to regulate the amount. .

(161) A very useful piece of appa- Fig. 75.
ratus for directing with precision
the charge of a jar or battery, is
Henley’s Universal Discharger, Fig.
75; it consists of a wooden stand
with a socket fixed in its centre, to
which may be occasionally adapted
a small table having a piece of ivory
(which is a non-conductor) inlaid
on its surface. The table may be raised and kept at the proper
height by means of a screw s. Two glass pillars P P are cemented
into the wooden stand. On the top of each of these pillars is fitted
a brass cap having a ring R attached to it, containing a joint
moving both vertically and horizontally, and carrying on its upper
part a spring tube admitting a brass rod to slide through it. Each
of these rods is terminated at one end either by a ball & b screwed on
a point, or by a pair of brass forceps, and is furnished at the other
extremity with a ring or handle of solid glass. Th body through
which the charge is intended to be sent, is placed on the table, and
the sliding rods, which are moveable in every direction, are then by
means of the handles brought in contact with the opposite sides, and
one of the brass caps being connected with the outside of the jar or
battery, the other may be brought into communication with the
inner coatings by means of the common discharging rod, Fig. 67.
For some experiments it is more convenient to fix the substance on
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which the experiment is to be made in a mahogany frame F, consist-
ing of two small boards which can be pressed together by screws,
and which may then be substituted for the table. In either of these
ways the charge can be directed through any part of the substance,
with the greatest accuracy. »

(162) When several jars are electrically united together, the
arrangement is called an Electrical Battery. Fig. 76 represents such
an apparatus. Tt consists of fifteen jars, the inside coatings of all of
which are metallically connected by brass rods, and the bottom of
the box in which they stand, being lined with tin-foil, secures a con-
tinuous conducting surface for the exterior coatiffigs. The battery is
shown with a Cuthbertson’s Balance Electrometer, and an apparatus
for striking metallic oxides attached. It is charged in the same

Fig. 76.

manner as a sipgle jar, by connecting the metallic rods in communi-
cation with the inside coatings with the prime conductor, as shown
in the figure; the metallic lining of the box being in good conduct-
ing communication either with the negative conductor or with a good
discharging train. This does not seem, however, to be the best
method of arranging a battery. The jars, according to Harris’s
experience, should be disposed round a common centre (Fig. 77),
that centre being in communication with the prime conductor. As
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shown in the figure, the central insulated rod C D is in direct com-
munication with the prime conductor, the remaining jars being
connected with each other, Harris found the difference between the
two modes of arrangement to be considerable, and in a battery of
five jars, each containing five square feet of coated surface, to amount
to one fifth of the entire accumulation.

Fig. 77.
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(163) By thus multiplying the number of jars we have it in our
power to accumulate Electricity to an extent limited only by the
charging power employed. A prodigious apparatus was constructed
towards the end of the last century by Cuthbertson for the Ty-
lerian Society at Haerlem. It consisted of one hundred jars of five
and a half square feet each, so that the total amount of coated
surface was five hundred and fifty square feet. This battery, when
charged with Van Marum’s large machine (102), produced the most
astonishing effects. It magnetized large steel bars, rent in pieces
?locks of box-wood four inches square ; melted into red hot globules
iron wires 25 feet in length and ti4th of an inch in diameter, and
dissipated in a cloud of blue smoke tin wires 8 inches long and sth
of an inch in diameter. The management of large electrical
batteries demands considerable caution, as the discharge of a far
smaller extent of coated surface than that just described, through
the body of the operator. would be attended with serious conse-
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quences : by employing, however, the balance electrometer of Cuth-
bertson (Fig. 74), or the simple apparatus invented by Harris, and
shown in Fig. 95, p. 187, all danger may be avoided.

(164) The extent of charge which a jar or battery is capable of
receiving may be considerably angmented by moistening the interior.
It was noticed by Mr. Brooke (Cuthbertson’s Electricity, p. 169)
that a coated jar would take a higher charge when dirty than when
clean, and in 1792 Cuthbértson made the casual discovery that a
fresh coated jar, the inside of which was a little damp, would take a
higher charge than it could do after it had ‘been coated for some
time and was quite dry. This observation induced him to make a
series of experiments. He found that a battery composed of fifteen
jars, and containing seventeen square feet of coated glass which on a
very dry day in March (1796) could only. be made to ignite eighteen
inches of iron wire, took a charge which ignited sizty inches when
he breathed into each jar through a glass tube. He first thought he
had thus obtained a method of making one battery perform the func-
tions of three, but his subsequent experiments on the fusion of wires
by various quantities of Electricity at the same intensity, led him to the
conclusion that the increase of effect was equivalent to the addition
of siz jars. A jar containing 168 square inches of coating, made
very dry, and arranged with his balance electrometer and eight
inches of watch pendulum wire, included in the circuit in the manner
shown in Fig. 76, was found to discharge spontaneously without
affecting the separation of the balls g f, when' the slider was set at
thirty ; but when the inside of the jar was moistened by breathing
into it no spontaneous explosion occurred, but the discharge took
place through the electrometer, and the wire was fused into balls.

(165) The tendency of jars to spontaneous explosion when very
clean and dry, may be diminished without moistening their insides, by
pasting a slip of writing paper, about an inch broad, on the inner
surface of the jar, so as to cover the uncoated interval to the height
of half an inch above the upper edge of the inner coating. The
action of this and of the other means that have been employed for
the same purpose, consists, according to Singer (Elements of Elec-
tricity, p. 135), in a gradual diminution of the intensity of the
charge at that part from which it has the greatest tendency to
explode, by an extension of the charged surface through the medium
of an imperfect conduetor. The height of the uncoated rim of small
jars'should, according to the same authority, be about two or two
and a half inches; with larger jars a rim of three inches will be
sufficient if they are fitted up with an interior paper band. Singer
also recommends to interpose a thickness of writing paper between
the coating and the glass, which may easily be effected by pasting
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the tin-foil first on paper, and afterwards applying this combined
coating to the glass. The metallic coatings are thus placed at a
greater distance from each other, and the chance of fracture is
diminished. But jars thus fitted up, though they admit of a much
greater quantity of Electricity being disposed on them than other
jars without paper, have not for equal quantities of Electricity the
same amount of action, the intensity of the Electricity being much
less. A thin jar will, with the same amount of attractive force,
ignite more wire than a thick one.

(166) A few experiments illustrative of various phenomena connected
with the charge and discharge of coated glass may here be introduced.

Exzperiments with the Leyden phial and battery.

Ez. 1. Fix to the outside coating of the jar, 4, Fig. 78, exposing
about a square foot of coated surface, a curved Fig. 78.
wire b, terminated by a metallic ball ¢, rising ‘
to the same height as the knob of the jar d;
charge the jar, and suspend midway between ¢
and d, by a silken thread, a small ball of cork or
elder pith. The ball will immediately be at-
tracted by d, then repelled to ¢, again attracted,
and again repelled, and this will continue for a ,%L,.’éu
considerable time : when the motion has ceased, \ Wﬂ]ﬂﬂlﬂlﬂu'
apply the discharging rod to the jar, no spark or
snap will result, proving that the phial has been
gradually discharged by the pith or cork ball,
the motion of which from d to e likewise
proving the opposite electrical states of the outer and inner coatings.

Ez. 2. Place the jar A, Fig. 79, on the Fig. 79.
insulating stand B, and attempt to charge
it from the prime conductor, you will find
it impossible; now apply the knuckle to
the outside coating, and continue to turn
the machine: for every spark that enters,
the jar, one will pass between the outside
coating and the knuckle, and on applying
the discharging rod, the jar will be found
to have received a charge. Instead of the
knuckle, the knob of a second wninsulated
jar C, may be applied as in Fig. 79, botk
- jars will receive a charge.

This experiment was made by Franklin
in confirmation of his theory that when a
jar is charoed 1t contains in realitv no
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more Electricity than it did before, and that during the act of
charging the same quantity of “fire” was thrown out of one side
of the glass as was thrown on the other side from the conductor of
the machjne. In order to demonstrate this still more conclusively
he arranged a series of jars, as shown in Fig. 80, taking care to

Fig. 80.

establish a good connection between the outside of the last jar and
the earth, and he found that “the fluid that was driven out by the
first would be received by the second, and what was driven out of
the second would be received by the third, &c. A great number of
jars could therefore be charged with the same labour as one, but not
equally high, as every bottle in the series receives the new fire and
loses its old with some reluctance, or rather gives some small
resistance to the charging, and this circumstance in a number of
bottles becomes more equal to the charging power, and so repels the
fire back again on the globe sooner than a single bottle will do.”
(Lranklin’s Letters, p. 12.) This method of charging a series of
jars, by giving a direct charge to the first only, is called charging by
cascade. The jars may be separated and discharged singly, or they
may be so connected as to produce one discharge the force of which
shall be equal to the sum of all the separate ones. For this purpose
they are placed upright on one common conducting basis, and their
interior coatings connected metallically together : the whole series
* may then be discharged precisely in the same manner as a single jar.
In fact, the arrangement then becomes an ordinary electrical battery.
Mr. I. Baggs, in a communication to the Royal Society (Jan. 13th,
1848), describes a method of charging and placing jars by which a
disruptive spark (124) of unusual length and brilliancy is easily
produced. The jars are charged separately and to the same degree
of intensity, then quickly placed in series of positive and negative
surfaces, very near, but not so as to touch.

Ez. 3. The following experiment furnishes another beantiful illus-
tration of the theory of the Leyden jar. It is called the luminous
or diamond jar. The figure represents a jar the coatings of which
are made up of fifty-five squares of tin-foil 1 inch square, and each
perforated with a hoie +%ths of an inch in diameter, and pasted in five
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rows inside and outside of the jar. The Fig. 81.
diagonals of the square pieces are placed
horizontal and vertical, and their points or $

angles are separated by about +,th of an
inch. The rows of the tin-foil squares are
similarly placed on.the inside of the jar,
exeept that their horizontal points nearly
touch one another at the centres of the eir-
cular holes of the outer squares. During
the charging of the jar the sparks are seen
jumping from one metallic surface to the
other; and when the jar is discharged every
part of the jar within the boundaries of the
metallie spahgles becomes momentarily illu-
minated, and presenting in a darkened room
an exceedingly brilliant appearance.

.Exr. 4. Provide a jar the exterior coating of which is moveable
(it may be made of thin tin plate) ; charge this jar in the usual
manner, and then place it on an insulating stand: touch the knob
from time to time with a conducting body; the whole charge will
thus ultimately be removed, and the glass will be broug%t to its
natural state : now charge the jar again, remove the outer coating,
and re-place it on the insulating stand ; in this state it will retain its
charge for an indefinite period. The reason of this is, that the wire
by which the charge is communicated to the interior coating, being’
left attached to it, induction does not take place solely through the
glass to the opposite coating, but is partly directed, through the air,
to surrounding conductors : this portion is usually called firee charge,
and on removing this, by touching the knob with a conducting body,
a corresponding portion of free charge, of the opposite kind, makes
its appearance on the outside coating, owing to the induction which
is now at liberty to direct itself from that part to surrounding
objects. But when the exterior coating is removed the induction is
-~ determined entirely through the glass, and the charge on one side is
sustained by an exactly equal quantity of the contrary Electricity
on the other: all interference with surrounding objects is thus
cut off.

Ex. 5. Provide a jar with both coatings moveable (the jar for this
purpose must be as wide at the mouth as at the bottom): let the
wire communicating with the interior coating pass through a glass
tube, by which it may be removed from the jar without touching the
metal : charge the jar in the usual manner, then withdraw the inside
coating ; and having set it aside invert the jar upon some badly con-
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ducting body, such as the table-cloth, and remove the exterior
coating ; then, on applying the discharging rod to the two coatings,
no spark or explosion will take place, and they may be taken in the
hands without producing any shock, proving them to be quite free
from any electrical charge: now re-place the coatings on the jar, and
complete the circuit with the discharging rod: both spark and
explosion will result, proving that the charge of the Leyden jar is
dependent on the dielectric glass, and that the only use of the
coatings is to furnish a ready means of communication between the
charged particles.

Ezx. 6. Place a charged jar on an insulated stand, and make a com-
munication between the interior coating and the electric bells, Fig.
50: they will remain at rest until the outside of the jar is connected
with the earth, when the clappers will be set in active motion: thus,
by touching the exterior coating from time to time with the finger,
the bells may be made to ring at pleasure.

Ew. 7. Place some gunpowder on the ivory slip of the table of the
universal discharger, Fig. 75, and having unserewed the balls a &,
insert the points of the wires into the powder about half an inch
apart: on passing an explosion from the Leyden phial through the
powderMt will be scattered in all directions but nof ignited, an effect
occasioned, probably, by the enormous velocity (288,000 miles in a
second, according to Wheatstone’s experiments) with which Elee-
tricity travels, not allowing sufficient time to produce the effects of
combustion ; that this is the reason is rendered apparent by—

Ez. 8. In which some loose gunpowder is placed in the ivory

Fig. 82.

mortar, Fig. 82, and the circuit interrupted by ten or twelve inches
of water in a porcelain basin: under these circumstances the gun-
powder is fired on discharging the jar.
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TFig. 83 represents Mr. Sturgeon’s apparatus for firing gunpowder.

The powder is placed in the wooden cup Fig. 83.
A, either dry or made up into a pyra- K
midical form with a little water. The
brass ball 5, which moves on a joint, is
brought immediately over it, the chains
¢ d, being connected with the outer and
inner surfaces of a Leyden jar. The dis-
charge takes place, and the powder is
inflamed. : 2

Ez. 9. Tie some tow loosely round one of the knobs of the dis-
charging rod, and dip it in powdered resin: place the naked knob
in contact with the outside of a charged jar, and bring the other
quickly in contact with the ball @ : discharge will take place, and the
resin will burst into a flame.

Ez. 10. Place a thick card or some leaves of a book’ against the
outer coating of a Leyden jar, or between the knobs of the universal
discharger : pass the explosion,.the discharge will pass through the
paper or card, and perforate it, producing a burr or protrusion in
both directions, as though the force producing it had acted from the
centre of the thickness of the card outwards; a strong and peculiar
odour'is at the same time developed.

Ez. 11. Drill two holes in the ends of a piece of wood half an
inch long and a quarter of an inch thick: insert two wires in the
holes, so that the ends within the wood may be rather less than
a quarter of an inch distant from each other: pass a strong charge
through the wires, and the wood will split with violence. Stones
may be split in a similar manner.

Ez.12. Hang two curved wires, provided
with a knob at each end, in a wine-glass
nearly full of water, so that the knobs shall
be about half an inch asunder: connect g,
Tig. 84, with the outer coating of a charged
jar, and & with the inner coating, by means
of the discharging rod; when the explosion takes plass the glass
will be broken with great violence. )

Ex. 13. Remove the press from the universal discharger, and
place a lighted candle in the socket : unscrew the balls, and arrange
the points of the wires a little above the top of the wick of the
candle, and about one inch apart: charge a jar, and having blown
out the candle, make the connections between the outer and inner
coating : the jar will discharge itself through the sioke of the
candle, and re-light it.
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Fz. 14. Adjust the candle so that the flame shall be exactly
on a level with the two points of the discharging wires: set the
point of the wire which is to communicate with the interior coating
of the jar at the distance of one inch and a half from the flame,
snuff the wick of the candle very low, and complete the circuit: the
jar will discharge itself slowly and put out the candle.

Ezx. 15. Remove the candle, and screw the table into the socket of
the universal discharger : place a lump of sugar on the ivory slip,
and having screwed the brass balls on the discharging wires, bring
the surface of the sugar to nearly the same height as the centre of
the balls. Fix Lane’s discharging electrometer, Fig. 73, on the
Leyden phial, and interpose the universal discharger between the
chain f and the outside coating of the jar: darken the room, and
turn the electrical machine. When the jar is charged sufficiently
high, it will discharge itself over the surface of the sugar, illuminat-
ing it, and ‘the light will continue for some time. If five or six
eggs be arranged in a straight line, and in contact with each other,
they will be rendered luminous by passing a small ¢harge through

FEx. 16. Place a little model of a brass cannon
on a circular brass plate fixed on the top of a
Leyden phial instead of the ball, as shown in Fig.
85 : connect the square piece of brass ¢ with the
exterior coating, and arrange it at the distance of
about half an inch from the mouth of the cannon :
bring the knob & of the cannon in contact with
the prime conductor, and hold a card between the
mouth of the cannon and the brass plate a, so that
it shall not touch either : when the jar has received
a sufficient charge, the explosion will pass, and the card will be per-
forated, as in experiment 10.

Ex. 17. Colour a card with vermilion, unscrew the balls from the
universal discharger, and place the points on opposite sides of the
card, one about half an inch-above the other ; discharge a jar through
the eard, it will be perforated at the point opposite to the wire con-
nected with the negative side of the jar; a zig-zag black line of
reduced mercury will be found extending from the point where the
positive wire touches the card to the place of perforation. This
curious result arises from the great facility with which positive
Electricity passes through air, as compared to negative; and on
repeating the experiment 4z wacuo, the perforation always takes
place at a point intermediate between the two wires.

Ez. 18. To the knob of a large jar A, Fig. 86, screw a small
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metallic stage C, on which place a small jar B; charge
the large jar in the usual manner: the small jar, though
it will not be charged in the usual acceptation of the
term, will nevertheless be in a state of polarization; and
on bringing one ball of the discharging rod in contact
with the exterior coating of the large jar, and the other
in contact with the knob of the small“jar, a flash and
report will result, arising from the neutralization of a
portion of the negative Electricity of the outside surface
of A, by a corresponding portion of positive Electricity
from the interior of B: both jars will now be charged,
the inner surface of A and the outer surface of B being
positive, and the outer surface of A and the inner surface
of B negative; and both jars may be discharged together, by con-
necting the inside of B by means of a wire or chain with the outside
of A, and bringing one knob of the discharging rod in contact with
this wire or chain, and the other on the stage C, on which the small
jar stands. If the large jar A be first discharged in the usual
manner, by bringing one knob of the discharging rod in contact with
its outside coating, and the other within striking distance of the
stage C, a second charge will be communicated to it, by the eleetro- -
polar influence of the small jar, the moment that the discharging rod
is removed ; and a second small explosion will take place on applying
the discharging rod, after which both jars will be reduced nearly to
a state of neutrality.

E.19. Fill the bent glass tube, ¢ d, Fig. 87, with resin, or sealing-
wax, then introduce two wires, @ b, through its ends, so that they
may touch the resin and penetrate a little Fig. 87.
way into it: let a person hold the tube . 7
over a clear fire by the silk string ¢, so as
to melt the resin, and at the same time
connect the wires with the interior and
exterior coatings of a charged jar: while
the resin is solid, the ditharge cannot
take place through it, bub as it melts it becomes a conductor, and
then the discharge passes freely. ~

Lz. 20. The sudden rarefaction which air undergoes during the
passage of the electric spark through it, is well shown by an apparatus
invented by Mr. Kinnersley, of Philadelphia, and shown in Fig. 88.
1t consists of a glass tube ten inches long and two inches in
diameter, closed air-tight at both its ends by two brass caps: a small
glass tube, open at both ends, the lower one bent at a right angle,
passes through the bottom cap, and enters the water contained in the
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lower portion of the large tube. Through the
middle of each of the brass caps a wire is intro-
duced, terminating in a brass knob within the
tube, and capable of sliding through the caps, so as
to be placed at any distance from each other. If
the two knobs be brought into contact, and a
Leyden jar discharged through the wires, the air
within the tube undergoes no change in volume:
but if the knobs are placed at some distance from
each other when the jar is discharged, a spark
passes from one knob to the other: the consequence
18 a sudden rarefaction of the air in the tube, shown
by the water instantaneously rising to the top of the small tube, and
then suddenly subsiding ; after which it gradually sinks to the bottom
of the tube, the air slowly recovering its original volume.

Ez. 21. Fig. 89 represents two small electric jars, coated as usual,
externally, and provided with valves to withdraw the air from them
by means of an air-pump. After the exhaustion, brass balls are

Fig. 89. screwed on the necks of the jars over the valves.
@ From 'the brass caps wires proceed a few inches
within the phials, terminating in blunt points. A
jar fitted up in this manner may be charged and
il discharged like a common Leyden phial, induction
y taking place with great facility through highly
rarefied air. 'When charged and discharged in a
dark room, the extremity of the wire in the inside
becomes beautifully illuminated with a star or pencil of rays (as
‘shown in the figure), according as the Electricity happens to be
positive or negative. This experiment is known as the Leyden
vacuum.

Ez. 22. One of the most beautiful experiments in Electricity is that
called (though most improperly) the “falling star:” it is produced by
transmitting a considerable electrical accumulation through an ex-
hausted receiver. = Singer, in his excellen®  Elements of Electricity,”
recommends a glass tube, five feet in length and § of an inch in diameter,
capped with brass at each extremity. . 'When such a tube is exhausted,
no ordinary Electricity will pass through it in any other than a diffused
state ; but by employing the charge of a very large jar,intensely charged,
a bn]hant flash is obtained through the whole length of the tube. The
metallic termination in the tube should be a very small and well
polished ball ; and if eare be taken to have the brass caps well rounded,
and the air within the tube not-too much attenuated, the experiment
will rarely fail. If the tube be six feet long, it may be four inches in
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diameter, and a jar having five square feet of coating should be
employed. An assistant should work the pump, and the operator
should ocecasionally try to pass the charge down; when at a certain
degree of exhaustion, it does so in a brilliant line of white light.

Ex. 23. Fig. 90 represents an apparatus for showing the

explosion of gunpowder by Fig, 90.
Electricity. It is generally
made seven or eight inches
long, and nearly the same
height to the top of the roof;
the side, and that half of the
roof next the eye,are omitted in
the figure, that the inside may
be more conveniently seen.
The sides, back, and front of
the house are joined to the
bottom by hinges ; the roof is
divided into two parts, which e
are also fastened by hinges to the sides: the bulldmg is kept together
by a ridge fixed half way on one side of the roof, so that when the
building is put together it holds it in its place. Within the house
there is a brass tube 13 inch long, and § of an inch in diameter,
screwed on to a pedestal of wood, which goes through about one-
eighth of an inch, the other end by means of a chain has a communi-
cation to the hook d; at the other side of the tube, a piece of ivory,
one inch long, is screwed, with a small hole for a wire to slide into.

To use this apparatus, fill the brass tube e with gunpowder, and
ram the wire b a small way into the ivory tube; then connect the
hook ¢ with the bottom of a large jar, interposing a dish of water
as in Fig. 82: charge the jar, and form a communication from the
hook d to the knob; discharge will take place, the gunpowder will
explode, throwing asunder the roof, upon which the sides, front, and
back will fall down, without, however, undergoing any damage. The
apparatus may be placed on the
ground, or on a table out of doors,
communication being established
with the Leyden phial within by
means of insulated wires.

Ex. 24. Fig. 91 exhibits a piece
of apparatus for showing in an
amusing manner the power of the
electric discharge to cause the ele-
ments of water, viz., oxygen and
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hydrogen, to enter into combination. The metallic wire which passes
through the touch-hole of the small brass cannon is insulated from
the metal by a hollow tube of ivory: this wire reaches nearly but not
quite across the bore of the barrel. The cannon is charged in the
following manner:—the mixture of the oxygen and hydrogen gas
being ready in a 4 or 6 oz. stoppered bottle, the cannon is filled with
sand, and being held close to the mouth of the bottle, the stopper is
removed, and the sand from the cannon entering, the gas at the same
moment ascending occupies its place. The mouth of the cannon is
closed by a cork, which is projected to a considerable distance by the
force of the explosion. A single inspection of the figure will show
the manner of passing the electric discharge. :

Ex. 25. The following experiment is exceedingly beautiful, and
highly interesting, as demonstrating the opposite electric states of a
charged jar. Make the resinous cake of an electrophorus dry and
warm : draw lines on it with the knob of a positively charged jar, and
sift over these places a mixture of sulphur and red-lead ; on inclining
the plate to allow the excess of the powder to fall off, every line
marked by the knob of the jar will be observed covered with the
sulphur, whilst the minium will be dispersed. On wiping the plate,
and drawing figures with the outside of the jar, the sulphur will be
dispersed, and the minium collected in a very elegant manner on the
lines described by the outside of the jar. The rationale of this
experiment is as follows :—the sulphur and red-lead, by the friction
to which they have been exposed, are brought into opposite electrical
states, the sulphur is rendered negative, and the red-lead positive, so
that when the mixture is made to fall on surfaces possessing one or
the other Electricity in a free state, the sulphur will be collected on
the positive, and the minium on the negative portions of the plate,
according to the well-known law of electric attraction.. This experi-
ment may be varied by tracing various lines at pleasure on a smooth
plate of glass, with the knob of a jar, charged first with positive and
then with negative Electricity: on gently dusting the surface with
the mixture of sulphur and red-lead, a series of red and yellow outlines
will be formed. This experiment is known as “ Lichtenberg’s figures.”

The mechanical effects, and calorific phenomena accompanying the
discharge of an electric battery, are exemplified in the following
experiments.

Ez. 26. Between the boards of the press of the universal dis-
charger (Fig.75) lay a piece of stout plate-glass, and send a powerful
charge through it, the glass will not only be broken into fragments,
but a portion even reduced to an impalpable powder.

Ez. 27. Lay a fine iron chain, about two feet long, upon a sheet
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of white paper, and transmit a charge from six-or eight square feet of
coated surface through it: on removing the chain, its outline will be
observed marked upon the paper with a deep stain at each link,
indeed, if this charge is sufficiently powerful, the paper is frequently
burnt through. ' '

Ez. 28. Place a slip of tin-foil, or of gold leaf, between two pieces
of paper, allowing the ends to project, and press the whole firmly
together between the boards of the press of the universal discharger ;
transmit the shock of a battery through it, the metals will be com-
pletely oxidized ; if gold leaf be the metal employed, the paper will
be found stained of a deep purple hue.

Ex. 29. If a piece of paper be laid on the table of the discharger,
and a powerful shock directed through it, it will be torn in pieces.

The electrical battery is exhibited in Fig. 76, in the arrangement
for fusing metallic wires, and converting them into oxides, and in
Tig. 74 a large jar is represented in the experiment of fusing fine
iron wire, a wire being substituted in place of the chain at e. The
best material for this purpose is the finest flattened steel, sold at the
watchmakers’ tool shops, under the name of watch-pendulum wire.
It does not require a large extent of coated surface merely to fuse
metallic wires, provided they are sufficiently thin ; but to effect their
oxidation, large batteries are necessary. :

Fig. 92 represents a useful appa-
ratus for deflagrating metallic wires,
invented by Professor Hare. Two
brass plates s s, are fixed in a pe-
destal by a bolt N, about which
they have a eircular motion. On
one of the plates a glass column C is
cemented, surmounted by a forceps
F; at the corresponding plate there
18 a brass rod R, furnished also with
a forceps. Between this forceps and
that at F the wire through which
the electric charge is to be sent is
stretched; it may be of various
lengths, according to the angle
which the plates s s make with each
other. The bottom of the pedestal
Is in communication with the exterior coating of a jar or battery
which is charged from the prime conductor B, and with which it is
allowed to remain in communication. Now, it is obvious that in this
case, touching the conductor is equivalent to touching the inner
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coating of the battery. However, by causing one of the knobs of
the discharger D to be in contact with the insulated forceps F, and
approximating the other knob to the prime conductor, the charge
will pass through the wire W.

The oxides of metals produced by sending powerful electric dis-
charges through fine wires, and which may be preserved by stretch-
ing them about % of an inch above sheets of white paper, are
exceedingly beautiful : the wires disappear with a brilliant flash, and
the paper is found marked as described below (from Singer’s Elec-
tricity), though no description can convey an adequate idea of the
beauty of the impressions.

Diameter. Colour of the Oxides on paper.
Gold wire ti% of an inch purple and brown.
Silver &7 R grey, brown, and green.
Platinum  tis 3 grey and light brown.
Copper S 2 59 green, yellow, and brown.
Iron % o light brown.
Tin iv » yellow and grey.
Zine 50 »” dark brown.
Lead 1o 5 brown and blue grey.
Brass s purple and brown.

Ex. 30. By the followmg experiment it will be proved that Elec-
tricity exerts an agency directly the reverse of the above, viz., that of:
restoring to the metallic state oxide of tin. If a portion of this
oxide be enclosed in a glass tube, and a
succession of strong explosions directed
through it, the glass will after a time be
found stained with metallic tin; and ver-
milion may be resolved into mercury and
sulphur, by .the charge of a moderate sized
jar.

Ex. 81. The equality of two Electricities
disposed on the inner and outer surfaces of
the Leyden jar was proved by Franklin’s
experiment (Ex. 1).

The following beautiful illustration by
Richman is likewise full of instruction on
this point. TLet a plate of coated glass, S,
be placed vertically on a stand, and let two
pith-ball electroscopes, p 7, be attached to
the coatings. Bring the coating P into
contact with the prime conductor, the coat-
ing N being in good conducting communica-

Fig. 93.
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tion with the ground. As the charging proceeds the ball p will be
repelled by the free Electricity of P, while the ball # retains its
original position. On allowing the apparatus to remain undisturbed
for some time, the free Electricity of P will be gradually dissipated,
and the ball p will drop into its original position. Now charge the
plate again, and immediately cut off the communication between N
and the ground. The ball p will slowly descend towards P as before,
but at the same time # will begin to rise, and by the time p has
reached the position a, # will have risen to b, the angle between the
balls being about the same as at first. Both balls will then slowly
sink till the charge is lost by dissipation. If during the descent :of
the balls we touch N, the ball » will suddenly sink, and p will as
suddenly rise by an equal amount. On removing the finger from N,
p will fall and » will rise to nearly their former places, and the slow
descent of both will again recommence. The same thing will happen -
if we touch P,—p will fall down close to the plate, and # will rise,
and so on; and these alternate touchings of the coatings may be
repeated a great many times before the plate is discharged.

In order to understand this beautiful experiment it must be
remembered that as long as N is in communication with the ground
it cannot retain any free Electricity, and, therefore, under these
circumstances the ball » can never be repelled ; but as the free Elec-
tricity on P is dissipated a corresponding portion of the opposite
Electricity must be liberated from N, and escape to the earth, and
this action must go on till the entire charge is lost. But when both
surfaces are insulated, as the free Electricity of P is absorbed by the
atmosphere, a corresponding quantity of the opposite Electricity is
liberated as before from N ; but as it cannot now escape to the earth
it becomes free Electricity, and repels the electroscope n. But this
free Electricity becomes gradually absorbed by the air, and thus the
entire charge is after a time dissipated.

(167) The arrangement of Electricity on a charged surface is
strikingly shown by the following experiment introduced by Faraday.

A cylinder of gauze wire is placed on a plate of shell-lac; over it,
but not resting on the lac, is placed another similar but larger gauze
cylinder. These cylinders correspond with the coatings of a Leyden
Jar, the glass of which is represented by the intervening dielectric air :
a small charge of Electricity is conveyed from the prime eonductor
of an electrical machine to the inner cylinder by means of a brass
ball suspended by a silk thread. On now touching the inner coating
of the imner cylinder with a disc of gilt paper insulated by a stick of
lac, and then examining its condition by the torsion Electrometer, it
is found to be neutral; but on passing the proof plane between the
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two cylinders, and touching the outer coating of the inmer one, it
brings away a charge of positive Electricity. In like manner, on
touching the outer coating of the outer cylinder no Electricity is
obtained ; but from the snner coating a negative charge is transferred
to the disc, which is rendered sensible by bringing the latter into
contact with the electroscope.

These are simple consequences of Faraday’s theory of static in-
duction, (78, ¢t seq.) The same general principles may be illustrated
with a common Leyden phial, thus: let the jar (the outer coating of
which is a little higher than the inner) be charged, and its ball and
rod immediately removed by an insulating thread of white silk : now
apply a carrier ball to either the inside or the outside coating; no
signs of Electricity will be obtained, the two forces being entirely
engaged to each other by induction through the glass. Now insulate
the jar, and restore the ball and rod. Under these circumstances
induction will take place through the air towards external objects,
the tension of the polarized glass will fall, and the parts projecting
above the jar will give electrical indications and charge the carrier ;
at the same time the oufside coating will be found in the opposite
electrical state, and snductric towards external surrounding objects,
‘because a part of the force previously directed inwards will now be
-at liberty. The charge upon an insulated conductor in the middle
+of a room is, according to Faraday’s views, in the same relation to
the walls of that room as the charge upon the inner coating of a
Leyden jar is to the outer coating of the same jar, one is not more
Jree or dissimulated than the other; and when we sometimes make
Electricity appear where it was not evident before, as in the above
experiment upon the outside of a charged jar, when after insulating it
we touch the inner coating, it is only because we divert more or less
of the induective force from one direction into another, for not the
slightest change is in such eircumstances impressed upon the cha-
racter or action of the force, and the terms, “firee charge” and
“ dissimulated Electricity,” convey therefore erroneous notions if
they are meant to imply any difference as to the mode or kind of
action (Hz. Resear. 1682—1684). Harris entertains similar views :
a coated jar, he says (Phil. Trans. 1884), may be considered as a sort
of compound conductor in which the controlling effect of the insu-
lated coating in respect of the electrometer is greatly increased by
its proximity to the other in a free state, hence a much greater
quantity may be accumulated on a given extent of surface with the
same intensity. ¢ The difference between electrical accumulation on
coated glass and that on simple conductors is only in degree of
effect, the laws incidental to the electrified substance remain the same.”
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(168) Laws of electrical accumulation. These have been mi-
nutely and successfully studied by Harris, the results of whose
investigations are given in the Transactions of the Plymouth Institu-
tion, and in the Transactions of the Royal Society, 1834, 1836, 1839.
The following is a brief résumé of some of his conclusions :—

1°. Precisely the same charge accumulates on a coated surface
whether we suppose the opposite coating to be insulated and con-
nected with one of the conductors of the Fig. 94.
machine, or whether it be in a freely unin- ’
sulated state, or whether it operate through
an intervening jar. In order to measure :
the force and extent of electrical accu-
mulations, he employed an instrument
which he calls the Electro-Thermometer,
Fig. 94. It consists of an air thermome-
ter through the bulb of which there is
stretched, air tight, a fine platinum wire ;
the bulb is screwed, also air tight, on a
small open vessel containing a coloured
liquid, and soldered at the extremity of a
long bent glass tube, to which is adapted
a graduated scale: the fluid is adjusted to
the zero of the scale by a small screw
* valve at the top of the bulb.

‘When an electrical accumulation is passed through the platinum

wire it becomes more or less heated, expanding the air, and forcing
the coloured fluid up the
vertical tube, the height to
which it ascends being
measured on the scale. The
delicacy of this instrument
depends on the size of the
platinum wire, which for
ordinary purposes may be
from the 5th to the & th
of an inch in diameter, and
about 8 inches in length,
corresponding with the dia-
meter of the ball. The
height to which the fluid
rises is as the square of
the quantity of Electricity
discharged.
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Fig. 95.
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For transmitting the explosion through the wire the simple appa-
ratus, shown in Fig. 95, was contrived. ¢ is a brass ball supported
on a rod of varnished glass passing through the mahogany ball £
supported on the glass pillar ¢. The ball ¢ has a hole drilled verti-
cally through its centre, so as to admit of the wire d, carrying at its
lower end the discharging ball d, passing freely through it. The wire
d has two or three small holes drilled in it by which it can be supported
ab a given height on the ball ¢, by means of a pointed bent wire
attached to a hinge joint at », and provided with an insulating handle.
The ball ¢ is in direct communication with the inside coating of the
jar or battery, and the ball &, insulated on a stout pillar of glass, is
connected in any required way with the outside coating. To effect
the discharge the bent brass wire is liberated by a light touch of the
glass handle, upon which the balls d and & come sharply into contact,
transmitting the accumulation in a certain and invariable way without
leaving any residuum in the battery.

(169) A jar containing about five square feet of coated surface
was charged with four turns of the machine, and then dis-
charged through the Thermo-Electrometer: the fluid rose nine
degrees. The jar was now placed on an insulating stand, and its
external coating connected by a wire with the internal coating of a
second and precisely similar jar, uninsulated and provided with a
Lane’s discharging Electrometer (Fig.78). The Electro-Thermo-
meter was likewise included in the circuit. After four turns of the
machine the second jar discharged, and the fluid rose as before nine
degrees. The small residuum in the second jar being removed (the
first jar retaining its charge), the machine was again put in motion;
after four turns the discharge of the second jar again took place, and
the fluid again rose mine degrees. 'When the second jar was much
smaller than the first, the explosion took place at about each turn of
the plate till the large insulated jar was fully charged; and, as in
both cases, the second jars were charged from the outer coating of
the first, their explosions may be taken as fair measures of the
relative quantities of Electricity communicated by the machine ; and

‘as these explosions correspond to equal numbers of revolutions, it
follows that the accumulation in the insulated jar must have pro-
ceeded by equal increments, and consequently that equal quantities
of Electricity were thrown on at each time. 'When several jars were
substituted for the single jar, each being carefully insulated, the
results were the same; and when two equal and similar jars were
insulated, and one connected with the positive and the other with
the negative conductor, their outer coatings being joined by a
metallic rod, the effects of the accumulation in either system,
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estimated as before at given intervals, were precisely similar, and
corresponded to an equal number of turns of the plate, proving that
the respective quantities which continued to accumulate in the
opposite system after each discharge, must have been also precisely
similar.

(170) From these experiments it appears: 1° That equal guanti-
ties of Electricity are given off at each revolution of the plate to an
uncharged surface, or to a surface charged to any degree-short of
saturation. 2° That a coated surface receives equal quantities in
equal times, and that the number of revolutions of the machine is a
fair measure of the relative quantities of Electricity, all other things
remaining the same. 8° That the explosions of a second jar charged
from the outer coatings of the first, are proportional to the quantity
of Electricity thrown on the inner coating. The quantity of Electri-
city may therefore be easily and correctly estimated by the number
of explosions. 4

(171) In accordance with these principles, Sir Wm. Harris con-
structed his Unit Jar, a little apparatus which he found of the
greatest service to him in his subsequent investigations. It consists
of a small jar, K, exposing about six square inches of coated surface,

Fig. 96.

inverted on a brass rod fixed to the conductor of the machine, or
otherwise sustained on a separato insulation; and the jar or battery
to be charged is connected with its outer surface through the inter-
vention of the brass ball 4, as seen in Fig. 97. In this arrange-
ment Electricity is continually supplied to the jar, and the amount
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of accumulation accurately measured by the number of charges which
the unit jar has received, the charges being determinable by means
of the discharging balls # #’. By increasing or diminishing the
distance betwean the discharging balls, the value of the unit may be
rendered: as great or as small as we please. Hence, if the balls be
securely fixed, and the ‘distance between their points of discharge
accurately measured by means of a micrometer screw and index at S,
comparative quantities may be always estimated and restored from
time to time with a great degree of accuracy. (Phil. Trans. 1834, p.
217.)

(172) Much difference of opinion has existed amongst electricians
as to whether this instrument is really a true measure of the
quantity of Electricity thrown into a Leyden jar. The late Mr.
Sturgeon (who was an excellent practical -electrician), observes
(Lectures on Blectricity, p. 227): “ After the first discharge has
taken place, the resistance of the jar J (Fig. 97) against the

Fig. 97.

reception of fluid from the outside of the unit jar is increased, and
the discharging intensity will be accomplished by a less quantity of
fluid than at first; and this second discharge of the unit jar throws a
still less proportion of the diminished quantity into J than in the
previous discharge; and thus it is that each succeeding charge
requires less and less fluid for the discharging intensity, and a
corresponding disproportion enters the jar J. When the intensity
of J becomes considerable, the unit jar will be nearly choked up, and
incapable of receiving any but a very trifling quantity of fluid.”
Although however it is doubtless true that at each successive dis-
charge of the unit jar when measuring into a jar or battery, the
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outside of the unit jar becomes more and more charged, it seems clear
that its inmer surface must be also proportionately more charged
each time before the balls connected with the coatings can have the
reiationg requisite for discharge brought on; and in the discharge it
is not the whole of the Electricity which passes, but just that portion
which brings the inside and outside into equilibrium ; and this will
be the same quantity for every discharge. The jar is therefore a
true measure as long as the circumstances of position, &e., are not
altered. On this subject Professor Faraday has favoured us with
the following remarks, which we gladly insert, as they seem to
dispose satisfactorily of the whole question. After describing some
experiments relating to the resistance or'back action, he says: “The
same difference will in every case exist between the balls » #’, Fig.
96, when a spark is ready to pass. Thus, suppose the unit jar has
about one tenth of the electric capacity of the large jar J, Fig. 97,
and that being charged up to its discharging point, it contains fen of
positive Electricity ; then these ten will pass on into the large jar as
a discharge spark, and none will remain within the unit jar. Now,
the conductor of the machine, the outside of the unit jar, and the ball
and wire of the large jar, will all appear positive to a carrier ball.
But when the machine is turned, although a rise in positive condition
will gradually take place on all the surfaces, still the mutual relation
of » and »’ to each other will be tke came as before, and the mutual
relation of the inner and outer coating of the unit jar will be to each
other absolutely as before; for mo external relation can alter their
mutual relation, though it may affect the outer coatings, both of the
large jar and of the unit jar. So the machine must exert a higher
charging power than before, which is shown by placing an Electro-
meter on its conductor; and when ten units have been thrown into
J, then, if after the eleventh the machine conductor be discharged,
the jar J will be discharged back between n and #’, because of the
re-action backwards. Still, whenever a spark does pass from # to #’,
the Electricity passing must be equal ; because the inductive relations
of the coatings to each other through the glass, and the like relations
of the balls # #’ to each other, remain absolutely the same. This is,
as I think, a rigid consequence of the principles of inductive action.”

(173) The free action of an electrical accumulation is estimated
by the interval it can break through, and is directly proportional to
the quantity of Electricity. Experiment: Two similar jars, each
containing five square feet of surface, being connected together, and
with a Lane’s discharging Electrometer (Fig.73), the balls being set
ab vsth of an inch apart, the discharge took place at the end of fwo
and a half turns of the plate; the interval being doubled, the dis-
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charge passed at the end of five turns; the interval being trebled, at
seven turns ; when the interval between the balls amounted to +%ths
of an inch, it required Zen turns of the machine to produce a
discharge.

(174) But the free action is inversely proportional to the surface.
Ezperiment: One of the jars in the former experiment being re-
moved, the balls being set at v%ths of an inch, the discharge took
place with five turns of the plate; the second jar being returned to
its place, and the balls being set at +%ths of an inch, the discharge
again took place with five turns; and, on adding fwo more similar
jars and setting the balls at fsth of an inch, or one quarter the first
distance, the discharge still took place with five turns.

(175) If however as the surface increases the Electricity increases
also, in the same ratio, then the discharging interval remains the
same ; but if as Electricity is increased the surface is diminished,
then the discharging interval is directly as the square of the quantity
of Electricity.

Ezxperiment : The balls of the Electrometer being set at +%ths of
an inch, the discharge of a single jar took place with 2} turns; a
second similar jar being added, the balls remaining as before, the dis-
charge took place with five furns ; a third jar being added, with seven
turns ; two similar jars being used, the interval remaining the same,
the discharge took place at five turns; but when one jar, i. e. half the
surface was removed, and the balls set at +%ths of an inch, the dis-
charge occurred at fen turns. If we represent the quantity of
Electricity by Q, the interval by I, and the surface by S, we get the
following equation, I = 2, from which we get @ = S I, and thus
derive another means of estimating the relative quantity of Electri-
city thrown upon a given surface, supposing the surface to be either
in a divided or an undivided state, and all other things remaining the
same.*

(176) The want of a correct knowledge of these laws has occa-
sioned some uncertainty in electrical inquiries. Thus, in describing
some experiments with his steel yard Electrometer (Fig. 74),
Cuthbertson assumed (Practical Electricity, p. 175, 178, 179, 180),
that when the slider had been set to 15 and 30 so as to measure
separate charges, the surface being constant, the corresponding
accumulations were in the same ratio, i. e. as 2: 1; whereas, in
order to obtain a double accumulation, the slider should be set to 60
instead of 30, since the opposing forces should be to each other as
4 : 1. It was assumed also by Singer (Hlements of Electricity,

* In relation to this subject, see also Harris’s experiments detailed in chap, ii.
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p. 177), that the same quantity of Electricity will fuse the same
length of wire, whether it be disposed on fwo jars or only on one, but
in the experiment on which he relies for the demonstration of this,
when the two jars were connected together, the slider of the Electro-
meter should have been set at 74 grains instead of at 15 grains,
because, as Harris has shown, when the same Electricity is disposed
on a double surface, the intensity or free action is reduced to one-
fourth; by setting the slider therefore at 15 grains, Smger nearly
doubled the quantity of Electricity accumulated.

(177) When the same quantity of Electricity is disposed on the
same extent of coated surface, divided into two or more equal parts,
there is a gradual loss of power, till at last, when a given amount is
disposed on a great number of jars, the effect on the wire of the
Thermo-Electrometer becomes altogether insensible. Neither does
the effect go on increasing in the same ratio with the quantity of
Electricity and the number of jars; e. g. double the quantity of
Electricity disposed on two jars does not produce jfour times the
effect, as it would do if the Electricity in one jar only had been
doubled, but only about fwe and a kalf times; the differences become
more considerable as the number of jars is increased, till at length a
limit appears to obtain, in which the advantage derived from an
increased quantity becomes neutralized by the opposite effect, and
the increased number of jars.

(178) The method of estimating the quantity of Electricity in jars
and batteries by the fusion of wires as employed by the older
electricians, and also to a great extent by Cuthbertson and Singer is
very uncertain, since wires may become fused with but little difference
in appearance when very different quantltles are passed through
them (Sm_qer p- 180) ; besides which, it is very difficult to ascertain
with precision the point at which fusion takes place, so that the wire
may be just made red hot through the whole length and then drop
into balls (Cuthbertson, p. 180). The practice also of moistening the
interior of jars by breathing into them, leads to great uncertainty in
accurate experiments. It is in fact little more than an ingenious
method of increasing the inner coating in such a way as to extend
the surface, as to increase the quantity of Electricity, the attractive
force of the free action remaining the same. The heating effects
however of given quantities of Electricity discharged under the same
conditions through a metallic wire are always the same, whatever
may have been its previous tension or intensity (145) relating to the
conductors on which the accumulation has taken place; e. g. a given
quantity of Electricity accumulated on coated jars always produces
the same effect on the wire of the Electro-Thermometer (Fig. 94),
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whether accumulated on thick glass or on thin, or on a greater or less
extent of surface, the number of jars and the length of the circuit
being the same. Harris found, however, that the effects of given
quantities of Electricity discharged through the Electro-Thermometer
varied with the resistance, being less with a long circuit than with a
short one, and varying in an énverse ratio of the length.

(179) By varying the striking distance between the balls of
Lane’s Electrometer, no variation in the effects on the wire of the
Thermometer occurs, even when the striking interval is made very
considerable by enclosing the balls in the receiver of an air pump and
exhausting the air, so long as the quantity of Electricity remains the
same. The effect of exhausting the air however is to facilitate the
discharge, e. g. when the density of the air is diminished to one-half,
the discharge occurs with one-half of the quantity accumulated ; that
is, with one jfourth of the intensity or free action, and the distance
through which a given accumulation can discharge is in an inverse
simple ratio of the density of the air; e. g. in air of one-half the
density, the discharge occurs at fwice thé distance; in other words,
the resistance of the air is as the square of the density directly. From
this it would appear that in air highly rarefied, as in the upper

egions of the atmosphere, no considerable electrical accumulations
can take place; and one of the most beautiful experiments in
Electricity is to pass discharges through long distances in rarefied
air, by which exact imitations of summer lightnings are produced.

(180) The resistance to discharge in air (a non-conductor) is of a
different nature to the resistance offered by conducting bodies; in
the former it arises solely from the pressure of non-conducting
particles, and when the attractive forces are sufficiently great to
overcome the resistance, the discharge passes without regard to
distance. Harris found also that the restraining power of air is not
affected by heat; the discharge between two balls in an air-tight
receiver taking place, with precisely the same quantity of accumu-
lation at all temperatures between 50° and 300° Fah. The insulating
power of air depends therefore solely on its density, and it would
appear also that heat (if material) must be a mnon-conductor of
Electricity, since it does not in the least degree impair the insulating
power of air.

(181) The supposed conducting power of a vacuum is unphiloso-
phical, as a space free from all matter can scarcely be said to have
any positive qualities whatever ; the reason an electrified body
discharges to aconducting body iz vacuo more readily than in air is,
because there is less restraining power in consequence of non-con-
ducting particles of air. The discharge does not however oceur in
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consequence of any tendency of the electric principle to evaporate,
but solely because of the removal of the obstructions interposed
between the points from, and foward which, the accumulated
Electricity tends to flow, and if the density of air could be indefinitely
diminished, and the distance between the points of action indefinitely
increased, we should in all- probability eventually have the same
relative electrical state continued without dissipation.

_(182) Such are some of the important principles of electrical action,
established by the researches of this able and indefatigable Elec-
trician. A brief recapitulation of the results may be, in conclusion,
useful.

1°. An electrical accumulation proceeds by equal increments; a
coated surface receiving equal quantities in equal times, all other
things remaining the same, and the quantity of Electricity passing
from the outer coating is always proportional to the quantity added
to the inner.

2°. The quantity of Electricity accumulated may be measured by
the revolutions of the plate, or by the explosion of a jar connected
with the outer coating. It isas the surface multiplied by the interval
the accumulation can pass. When the swrface is constant, it is as
the interval ; when the dnferval is constant, it is as the suzrface. It
is also as the surface multiplied by the square root of the free action ;
when therefore the surface is constant, it is as the aqums, root of the
attractive force.

8°. The interval which the accumulation can pass is directly pro-
portional to the quantity of Electricity, and inversely proportional to
the surface; it is as the quantity divided by the surface. If the
Electricity and surface be either increased or decreased in the same
proportion, the interval remains the same. If as the Electricity is
increased, the surface be decreased, the interval will be as the square
of the quantity of Electricity.

4e. The force of electrical attraction varies in the inverse ratio of
the squares of the distance between the points of contact of the
opposed conductors, supposing the surfaces to be plane and parallel :
or otherwise, between two points which fall within the respective
hemispheres, at a distance equal to one-fifth of the radius, supposing
the opposing surfaces to be parallel.

5°. The free action is in direct proportion to the square of the
quantity of Electricity, and in énverse proportion to the square of the
surface. It is directly as the effect of the explosion on a metallic
wire, all other things remaining the same. If the Electricity and
surface increase or decrease together, and in the same proportion,
the attractive force remains the same. If as the Electricity is

L
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increased the surface is decreased, the attractive forceis as the fourth
power of the quantity of Electricity.

6°. The effect of an electrical explosion on a metallic wire depends
exclusively on the quantity of Electricity, and is not influenced by the
intensity or free action; it is diminished by accumulating the Elec-
tricity on a divided surface; it isas the square of the quantity of
Electricity. Itisasthesquare of the interval which the accumulation
can pass; it is directly as the attractive force and the free action,
all other things remaining the same; it is as the momentum with
which the explosion pervades the metal.

Fig. 98. (183) Specific inductive capacity—1t was
with an apparatus constructed on the principles
of the Leyden phial, that Faraday succeeded in
proving by the most decisive experiments that
induction has a particular relation to the different
kinds of matter through which it is ewerted. A
section of this ingenious apparatus is shown in
Fig. 98. a @ are the two halves of a brass
sphere, with an air-tight joint at b, like that of
the Magdeburgh hemispheres, made perfectly
flush and smooth inside, so as to present no
irregularity ; ¢ is a connecting piece, by which
the apparatus is joined to a good stop-cock d,
which is itself attached either to the metallic
foot ¢, or to an air-pump. The aperture within
the hemisphere at f is very small: ¢ is a brass
collar fitted to the upper hemisphere, through
which the shell-lac support of the inner ball and
its stem passes: % is the inner ball, also of brass;
it screws on to the brass stem 1, terminating above by a brass ball
B; 71is a mass of shell-lac, moulded carefully on to 4, and serving
both to support and insulate it and its balls # B. The shell-lac stem
1 is fitted into the socket g by a little ordinary resinous cement more
fusible than shell-lac applied at m m, in such a way as to give sufficient
strength and render the apparatus air-tight there, yet leave as much
as possible of the lower part of the shell-lac stem untouched as an
insulation between the ball % and the surrounding sphere a a. The
ball %2 has a small aperture at », so that when the apparatus is
exhausted of one gas and filled with another, the ball & may also
itself be exhausted and filled, that no variation of the gas in the
interval o may occur during the course of an experiment.

(184)) The diameter of the inner ball is 2:88 inches, and that of the
surrounding sphere 3:57 inches. Hence the width of the intervening
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space through which the induction is to take place is 062 of an inch ;
and the extent of this place or plate, 7.e. the surface of a medium
sphere, may be taken as 27 square inches, a quantity sufficiently
large for the comparison of different substances. Great care was
taken in finishing well the inducing surfaces of the ball # and sphere
@ a, and no varnish or lacquer was applied to them, or to any part of
the metal of the apparatus.

(185) When the instrument was-well adjusted, and the shell-lac
perfectly sound, its retentive power was found superior to that of
Coulomb’s Electrometer, 4. e. the proportion of loss of power was
less. A simple view of its construction shows that the intervening
dielectric or insulating medium may be charged at pleasure with
either solids, liquids, or gases; and that it is admirably adapted for
investigating the specific inductive capacities of each.

(186) Two of these instruments, precisely similar in every respect,
were constructed ; and the method of experimenting was (different
insulating media being within) to charge one with a Leyden phial,
then, after dividing the charge with the other, to observe what the
ultimate conditions of each were. For a detailed account of the
method of manipulating, and the precautions mnecessary to obtain
accurate results, we must refer to the original paper of the author
(Ezperimental Researches, Eleventh Series, 1187 et seq.)

(187) The question to be solved may be stated thus: suppose & an
electrified plate of metal suspended in the air, and  and ¢ two exactly
similar plates, placed parallel to and on each side of @ at equal dis-
tances and uninsulated ; & will then induce equally towards & and .
If in this position of the plates some other dielectric than air, as
shell-lac, be introduced between @ and ¢, will the induction between
them remain the same? Will the relation of ¢ and & to @ be unal-
tered notwithstanding the difference of the dielectrics interposed
between them ? (Eup. Resear. 1252.)

(188) The first substance submitted to examination was shell-lac,
as compared with air. For this purpose a thick hemispherical cap of
shell-lac was introduced into the lower hemisphere of one of the
inductive apparatus, so as nearly to fill the lower half of the space
between it and the lower ball. The charges were then divided (186),
each apparatus being used in turn to receive the first charge before
its division by the other; and as it had previously been ascertained
that both the instruments had equal inductive power when air was in
both, it was concluded that if any difference resulted from the intro-
duction of the shell-lac, a peculiar action in that substance would be
proved, and a case of specific inductive influence made out.

(189) On making the experiment with all the care and attention
T ©
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that could be bestowed, an extraordinary and unexpected difference
appeared, and the conclusion was drawn that the specific inductive
capacity of shell-lac as compared with air is as 2 to 1. 'With glass a
result came out, showing its capacity compared with air to be as 1-76
to 1; and with sulphur a result showing its capacity to be as 2:24 to
1. With this latter substance the result was considered by Faraday
as unexceptionable, it being, when fused, perfectly clear, pellucid, and
free from particles of dirt, and being moreover an excellent insulator.

(190) Liquids, such as oil of turpentine and naphtha, were next
tried; and though no good results could be obtained, on account of
their conducting power, they were nevertheless considered by Fara-
day as not inconsistent with the belief, that oil of turpentine, at least,
has a specific inductive capacity greater than air.

(191) Air was then tried, but no alteration of capacity could be
detected on comparing together, rare and dense, hot and cold, or
damp and dry: then all the gases were submitted to examination,
being compared together in various ways, that no difference might
escape detection, and that the sameness of result might stand in full
opposition to the contrast of property, composition, and condition,
which the gases themselves presented; nevertheless not the least
difference in their capacity to favour or admit electrical induction
through them could be perceived.

(192) During thé experiments with shell-lac (188), Faraday first
observed the singular phenomenon of the return charge. e found,
that, if, after the apparatus had been charged for some time, it was
suddenly and perfectly discharged, even the stem having all Electri-
city removed from it, it gradually recovered a charge which in nine
or ten minutes would rise up to 50° or 60°. He charged the appa-
ratus with the hemispherical cap of shell-lac in it, for about forty-five
minutes, to above 600° with positive Electricity at the balls 4 and
B, Fig. 98, above and within. It was thén discharged, opened, the
shell-lac taken out, and its state examined by bringing the carrier
ball of Coulomb’s Electrometer near it, uninsulating the ball,
insulating it, and then observing what charge it had acquired. At
first the lac appeared quite free from any charge, but gradually its
two surfaces assumed opposite states of Electricity, the concave sur-
face, which had been next the inner and positive ball, assuming a
positive state; and the convex surface which had been in contact
with the negative coating, acquiring a negative state; these -states
gradually increasing in intensity for some time.

(193) Glass, spermaceti, and sulphur, were next tried, all of them
exhibited the peculiar state after discharge. Faraday also sought to
produce it without induction, and with one electric power, but failed
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in doing so; a fact in favour of the inseparability of the two electric
forces, and an argument in favour of the dependence of induetion
upon a polarity of the particles of matter.

(194) Faraday was at first inclined to refer these effects to a
peculiar masked condition of a certain portion of the forces, but be
afterwards traced them to the known principles of electrical action.
He took two plates of spermaceti and put them together, so as to
form a compound plate, the opposite sides of which were coated with
metal. The system was charged, then discharged, insulated, and
examined, and found to give no indication to the carrier bali: the
plates were then separated, when the metallic linings were found in
opposite electrical states. Hence, it is clear that an actual penetra-
tion of the charge to some distance within the dielectric, at each of
its two surfaces, took place by conduction : so that, to use the ordi-
nary phrase, the electric forces sustaining the induction are not
upon the metallic surfaces only, but upon and within the dielectric;
also extending to a greater or smaller depth from the metal linings.

(195) The following explanation may be offered :—Let a plate of
shell-lac, six inches square, and half an inch thick, or a similar plate
of spermaceti, an inch thick, coated on the sides with tin-foil, as in
the Leyden phial, be charged in the usual manner, one side posi-
tively and the other negatively. After the lapse of ten minutes, or
quarter of an hour, let the plate be discharged and immediately
examined ; no Electricity will appear on either surface, but in a short
time, upon a second examination, they will appear charged in the
same way, though not in the same degree as they were at first.
Now, it may be supposed, that under the coercing influence of all
the forces concerned, a portion of the positive and negative forces
has penetrated and taken up a position within the dielectrie, and
that consequently, being nearer to each other, the induction of the
forces towards each other will be much greater, and that, in an
external direction, less than when separated by the whole thickness
of the dielectric ; when, however all external induction is neutralized
by the discharge, the forces by which the electric eharge was driven
into the dielectric are at the same time removed, and the penetrated
Electricity returns slowly to the exterior metallic coatings, constitut-
ing the observed re-charge. According to Faraday, it is the assump-
tion for a time, of this charged state of the glass, between the coat-
ings of the Leyden jar, which gives origin to a well-known phenome-
non, usually referred to the diffusion of Electricity over the uncoated
portion of the glass, namely, the residual charge. After a large
battery has been charged for some time, and then discharged, it is
found that it will spontaneously recover its charge to a very consi-
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derable extent, and by far the largest portion of this is referred to
the return of Electricity in the manner deseribed.

(196) The relation of induction to the matter through which it is
exerted, is well shown as a class experiment, by the following appa-
ratus. Three equal discs of brass are arranged parallel, and at equal
distances from each other: the two exteriors are in communication
with the ground, the third which is between them is insulated; a
small single leaf Electroscope is suspended equidistant between two
brass balls, each of which communicates separately with one of the
exterior dises. The middle dise is charged with a certain quantity of
Electricity, and the connection of the two exterior dises with the
ground is cut off. Ifthe gold leaf is exactly equidistant between the
two balls (which is absolutely essential to the success of the experi-
ment), it will remain at rest, being equally attracted by each of the
balls, which, being in communication with the exterior discs, are
equally electrized by induction. As thus arranged, the insulating
stratum that separates the three discs is air; but if for one of these
strata one of skell-lac, glass, sulphur, or any other insulator be sub-
stituted, the gold leaf immediately diverges, showing that the indu-
cing action of the electrized body upon the disc, from which it is
separated by the new insulating body, has become greater. This
simple method of demonstrating Faraday’s great discovery originated
with Matteucei. (Hlect. Mag. vol. ii. p. 186.)

Some of Matteucei’s later experiments gave him results which
induced him to doubt the accuracy of the explanation, given by
Faraday, of the part played by insulating bodies in the phenomena of
induction of static Electricity. He affirms that the insulating power
of a body, consists in the greater or less resistance opposed by bodies
to the destruction of that molecular polarization, which is always
developed in it during the presence of an electric body; that the
differences in insulating plates of different substances are not due to
a specific inductive power, but to differences in the propagation of
Electricity, either at the surface, or in the interior, of the bodies, and
that the Electricity which penetrates into their interiors and which
is diffused over their surfaces, returns on the instant to the surface,
when it is covered with a metal plate in communication with the
ground. The experiments on which he founds these opinions are
certainly striking ones. He introduced insulating plates of different
substances by means of insulating stems into the case of a Cou-
lomb’s balance having its two electrized balls divergent, and he found
that theballexperienced the same loss of Electricity, whethertouched by
gum-lac, or sulphur, or by glass covered with a coat of gum-lac varnish
155 ofan inch thick ; and by constructing a kind of box of miea, the
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interior surface of which was covered with lac varnish, he compared
together air, sulphur, glass, and gum-lac, and found the effects the
same in each. .

(197) Lateral discharge.— When a large jar or battery is discharged
by a metallic wire held in the hand, without the protection of an
insulating handle, a slight shock is frequently felt in the hand that
grasps the wire: and if a large jar be placed on a table, with its knob
in contact with the prime conductor, and if a chain be stretched
upon the table, with one end nearly touching the outside coating of
the jar, by charging the apparatus till it discharges itself voluntarily,
a spark is seen to pass between each link of the chain, which thus
becomes illuminated, though it forms no part of the circuit.

This spark is called the lateral discharge; it is occasioned by a
small excess of free Electricity, which distributes itself over a dis-
charging surface, when a charged system is discharged or neutralized.
It arises from the fact, satisfactorily established by Harris, and
acknowledged by Biot, Henry, and others, that the accumulated
Electricity is never exactly balanced between the opposed coatings;
so that there will always be an excess of positive or negative Electri-
city over the neutralizing quantities themselves, disposed on the
coatings of the jar. The existence of this excess of Electricity,
either positive or negative, is proved by the fact, that if we charge a
Jar, allow it to remain insulated, and discharge it gradually, by draw-
ing sparks from the knob, and adding them to the outer coating, we
can always take a finite spark from either side alternately, whilst the
jar rests on the insulator.

If we place a charged jar upon an insulating stand, and discharge
it in the usual manner, with a discharging rod, the excess of free
Electricity exhibits itself in the form of a spark, at the moment of
discharge between any body. connected with the outer coating, and
another in communication with [the earth : the intensity of the spark
depends on the capacity of the jar, being less with a large jar, and
greater with a small one ; the quantity of Electricity discharged being
the same (Harris). After the discharge, the knob, outer coating,
and all bodies connected with the jar, are found in the same electri-
cal state, which we may make either positive or negative, by taking
a spark either from the knob or coating, previously to discharging
the jar.

This small quantity of free Electricity may be obtained even when
the jar is connected with the earth, provided we seize it before the
conductors have time to carry off the residuary accumulation ; it
having been proved by Professor Wheatstone, that some portion of
time elapses in the passage of Electricity through wires: the effect,
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however, is greatest when the jar and its appendages are quite
insulated. .

(198) The following experiments convey a good deal of information
respecting the nature of the so-called lateral discharge.

Ex. 1. Let the jar J. (Fig. 97), be charged positively,. removed
from the machine and insulated ; under this condition discharge it.
‘When discharged, let the electrical state of the knob m, discharging
conductor ¢ C, and the outer coating J, be examined ; they will all be
found in the same electrical state, which state will be precisely that
exhibited by the outer coating and knob, whilst charging, and the
small residuary charge will be plus.

Ez. 2. Charge the jar as before ; but before discharging it withdraw
the free Electricity from the knob. The electrical state of the coating
and appendages will now be changed, and the small residuary spark
will be minus—thus showing that the Electricity of the spark varies
with the coatings.

Ez. 3. Immediately after the discharge, apply a metallic body to
the coating J; a residuary spark will be thrown off, which spark
obviously cannot be caused by any lateral explosion caused by the dis-
charging rod.

Ez. 4. After this residuary spark has been taken from the outer
coating, examine the jar, and it will be found again slightly charged
as at first, showing the spark to be merely a residuary accumulation.

Kz. 5. Charge a jar, exposing about two square feet of coating,
with a given quantity of Electricity, measured by the unit jar 4,
let a conducting rod terminating in a ball » project from the outer
coating, and place near it the electroscope E. Discharge the jar
through the rod ¢ ¢ as before, and observe the amount of divergence
of the electroscope. Double the capacity of the jar, and again accumu-
late and discharge the same quantity. The divergence of the electro-
scope will be very considerably decreased : add a second and a third
jar to the former, and the effect will be at last scarcely perceptible:
connect the jar with the ground, and with a given quantity the spark
will vanish altogether.

Ezr. 6. Accumulate a given quantity as before, and observe the
effect of the residuary charge on the electroscope. Let a double,
treble, &c., quantity be accumulated and discharged from a double,
treble, &c., extent of surface—thatis to say, for a double quantity
employ two similar jars and so on ; the effect will remain the same.

These two last experiments prove that the spark is of different
degrees of force when the Electricity is discharged from a greater or
less extent of surface, whilst double, treble, &e., quantities, when
discharged from double, treble, &ec., surfaces, give the same spark.
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Now, as no one can doubt but that the effect of a double, &c., quan-
tity should be greater than a single, &c., quantity, it is again evident
that the spark is not caused by any lateral explosion from the dis-
charging rod, it being a well-established law that the same quantity
has the same heating effect on wires, whether discharged from a great
surface or a small one, from thick glass or thin; some little allowance
being made for the greater number of rods, &c., when the surface is
increased by an additional number of jars. The effect, therefore,
depends on the jar.

Ex. 7. Discharge a jar by means of discharging circuits of dif-
ferent dimensions; from a large rod down to a fine wire, which the
charge in passing can make red-hot. Observe the effect on the elec-
troscope in each case: it will be found nearly the same, being rather
less where the tension in the discharging wire is very considerable—
proving that the tension on the rod is not of any consequence.

E=2.8. Connect the jar with the ground, and place a small quantity
of percussion powder enclosed in thin paper between the discharging
conductor ¢, Fig. 97, and a metallic mass placed near it. The powder
will not be inflamed even in the case of the discharging conductor
becoming red-hot, whereas in passing the slightest spark it inflames
directly, which shows that no kind of lateral action arises during the
passage of the cbarge.

Lix. 9. Let a circular piece of wood between two and three feet in
diameter be covered with tin-foil, placed on a stool, and connected
with the earth as shown in Fig. 99.

Fig. 99. Let sparks be
now taken between the
prime conductor and the
ball @. Lateral sparks may
always be obtained from
the wire whenever a con-
ductor is approached to it.
By connecting a stout cop-
per wire with the gas fit-
tings of the house, insu-
lating it on glass rods at
different parts of the room, and drawing sparks from the prime
conductor of the large Polytechnic machine by means of a brass
ball five inches in diameter attached to the other end of the
wire, and held in an assistant’s hand by means of a glass rod, Mr.
Walker obtained sparks not only from the gas fittings of the room in
which the experiments were made, but also from the burners in the
workshops ¢wo stories below. It does not, however, require a machine
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of very great power to exhibit such phenomena; we have frequently
inflamed hydrogen gas from a jet attached to a bladder by directing
the stream against a gas pipe in a room adjoining one in which sparks
were being drawn from the conductor of a machine the plate of which
is 30 inches in diameter..

ZEzx. 10. The following instructive experiment was arranged by
Dr. Bachhoffner.

Fig. 100. On a deal board, about

{ two feet square, were past-

ed slips of tin-foil a ¥ ¢,

‘ ;. Fig. 100. Sparks were

f i passed from the machine
- upon e, from which they

": & discharged themselves at d,

& to the conductor ¢, and

\ passed along it to B; but

_ef ' i under mno circumstances
P e R ey 5 would they pass the spaces
\D__\ « @ «, on which was placed
percussion powder. The
wire B was now removed to the position ‘B, connecting it with a
good discharging train, and the experimenter took in his hand the
wire C, connected with the same pipes, and in the same direction
sparks were passed as before at d, and by applying the wire C to any
part of the slips of tin-foil, he was enabled to draw off sparks; but
when the wire C was placed in a position similar to that represented
by D, touching the tin-foil b at e, the sparks ceased to appear.

Ez. 11. Let a long brass rod, terminating in the ball A, Fig. 101,
be connected with the prime conductor ef a large machine in vigorous
action; let a corresponding ball B
be mounted on a similar rod, and
screwed into a small brass plate
fixed to the floor of the room. Let
the stout wire & connect the plate
with a good discharging train, while
a smaller brass rod ¢, terminating ina
brass ball is connected with the same
e discharging train by the stout wire
¢. Put the machine in action, and
allow a series of long and vivid
sparks to pass between A and B.
As long as the rod ¢ rests on the
brass plate, no sparks will occur

Fig. 101.
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between it ‘and the rod B ; but when ¢ is moved into the position
represented in the figure, that is, when its lower end is made to rest
on the floor of the room, long and bright sparks will pass in abun-
dance from the rod B, and this whether the wire ¢ be or be not
attached to the smaller rod. Here the reason why sparks are not
obtained between B and O, while the latter rests on the brass plate,
is because the resistance in the direction B b is less than in the
direction B C ¢, and sparks are obtained when the rod ¢ does not
touch the brass plate because the resistance in the direction B C ¢ is
less than in the direction B b.

(199) The lateral discharges thrown off by a wire leading from a
ball in the act of receiving dense sparks from an electrical machine,
result from the inductive action of the Electricity accumulated on
the conductor upon the vicinal conducting substances, which com-
pleting the terminating surfaces of a charged system, determines the
charging of the stratum of air between them, and sparks will con-
sequently strike off from the wire to these free conducting bodies as
long as sparks continue to pass between the two conductors. If the
wire from which these lateral explosions proceed be connected
directly with the machine, the phenomena disappear; because the
accumulation on the conductor is prevented from reaching any great
intensity ; it is necessary therefore to employ disruptive discharges
between opposed conductors, and the larger the surface of the charged
conductor the greater is the effect produced.

(200) By the following instructive experiments it has been proved
by Harris, that an electrical explosion will not leave a good conductor
constituting an efficient line of action, to fall upon bodies out of that
line :—

Lay some small pieces of gold-leaf on a piece of paper, as repre-
sented in Fig. 102, pass a dense shock of Electricity (from not less
than eight square feet of coating) over these, from the commence-
ment at A to the termination at B, so as to destroy the gold: the
line which the discharge has taken will be thus shown by the black-
ened parts, and the result will be as in Fig. 102, which is copied from
the actual effects of the electrical discharge. By the result of the
explosion represented in Fig. 108, it is shown that the portions of the
conductor below the striking parts are out of the line of discharge,
and not involved in the result.

(201) In Fig.102 it is particularly worthy of remark, that not only
are the pieces 5, 6, 14, 15, 18, 19, 22, 23, untouched, being from
their positions of no use in facilitating the progress of the charge,
but even portions of other pieces which have so operated are left
perfect, as 2, 8, 8, 9, 10, &ec.; so little is there any tendency to a
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Fig. 102. Fig. 103.

)

i

lateral discharge even up to the point of dispersion of the metallic
circuit in which the charge has proceeded : indeed, as Harris observes,
so completely is the effect confined to the line of least resistance,
that percussion powder may be placed with impunity in the interval
between the portions 4, 5, and he contends that the separate pieces
of gold leaf thus placed may be taken to represent detached conduct-
ing masses fortuitously placed along the mast and hull of a ship,
and that therefore any fear that a conductor on a ship’s mast would
operate on the magazine is quite unwarranted.

(202) Physiological effects. —The sensation experienced, when the
body is made a part of the electrical circuit, is now so universally
known, that a description here would be superfluous. The exagge-
rated accounts of their feelings, on the first transmission of a dis-
charge through the bodies of the first experimentalists, was alluded
to in the first chapter. It is not, however, easy to explain the cause
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of the muscular contraction that is experienced. The involuntary
action may be produced by the concussion of a material agent (¥)
passing through the body, by an influence on the nervous system, or
by a sudden disturbance of the electric equilibrium: and the dull
pain at the joints is probably to be traced to the resistance which the
force experiences in passing from one bone to another.

(203) It is stated by Mr. Morgan, that, if a strong shock be passed
through the diaphragm, the sudden contraction of the muscles of re-
spiration will act so violently on the air of the lungs, as to occasion a
loud and involuntary shout; but that a small charge occasions in the
gravest person a violent fit of laughter: persons of great nervous sen-
sibility are affected much more readily than others.

A small charge sent through the spine instantly deprives the
person for a moment of all muscular power, and he generally falls to
the ground. If the charge be very powerful, instant death is occa-
sioned. Mr. Singer states that a charge passed through the head
gave him the sensation of a violent and universal blow, which was
followed by transient loss of memory and indistinetness of vision. A
small charge sent through the head of a bird will so far derange the
optic nerve as to produce permanent blindness; and a coated surface
of thirty square inches of glass will exhaust the whole nervous system
to such a degree as to cause immediate death. Animals the most
tenacious of life are destroyed by energetic shocks passed through
the body. Van Marum found that eels are irrecoverably deprived of
life when a shock is sent through their whole body: when only a
part of the body is included in the circuit, the destruction is confined
to that individual part, while the rest retains the power of motion.

The bodies of animals killed by lightning are found to undergo
rapid putrefaction ; and it is a remarkable circumstance, that after
death the blood does not coagulate. Some remarkable cases of
electrical excitement are related by Loomis (dmerican Jowrnal of
Science, 1850, p. 820), as having been observed in several houses in
New York, when individuals received shocks on touching the handles
of the doors, and other metallic bodies, and even on shaking hands,
and kissing, and he arrived at the conclusion after a careful examina-
tion, that the Electricity was excited by the friction of the shoes of
the inmates, upon the carpets of the house, which were entirely of
wool and of close texture.

(204) When the Leyden phial was first discovered, it was imagined
that an agent of almost unlimited medical power was raised, and it
was applied indiscriminately for the most opposite diseases. The
failure consequent on such quackery brought Electricity into disre-
pute, and for a long time it was discarded almost entirely from our
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hospitals. It is now again more generally employed, and has been
found of great service in many cases, such as palsy, contrac-
tions of the limbs, rheumatism, St. Vitus’s dance, some kinds of
deafness, and impaired vision. It is administered in five different
ways :—1st, under the form of a gentle stream or aura, from-a pointed
piece of wood provided with an insulating handle, and communicat-
ing with the prime conductor: by this means it may be directed to
parts of great sensibility, as the eye. 2nd, by causing the part to be
operated upon to draw sparks from the prime conductor; or placing
the patient on a stool with glass legs, by drawing sparks from him
with a metallic ball. 8rd, by the transmission of shocks, which is
the most severe and painful, and which requires great caution. 4th,
by galvanism. And 5th, by electro-magnetism and magneto-electri-
city, both of which latter methods will be described in future chapters.

(205) There can be no doubt that Electricity is very materially
concerned in the economy both of animal and vegetable life, but we
possess no precise information on the subject. It is not improbable
that it may have something to do with the rise of sap, from the fact
that Electricity always increases the velocity of a fluid moving in a
capillary tube. On vegetables strong shocks have the same effects as
on animals, namely, produce death: a very slight charge is sufficient
to kill a balsam. It may further be observed that living vegetables
are the most powerful conduetors with which we are acquainted.
Mr. Weekes found that a coated jar, having 46 inches of metallic
surface, was repeatedly discharged by the activity of a vegetable
point, in 4 min. 6 sec.; while the same jar, charged to the same
degree, required 11 min. 6 sec. to free it from its electric contents
by means of a metallic point: the points in both cases being equi-
distant. The same gentleman also found that the gold-leaf electro-
scope is powerfully affected by a jar at the distance of nearly seven
feet, when the cap of the instrument is furnished with a branch of
the shrub called butcher’s broom ; though the same instrument, when
mounted with pointed metallic wires, is not perceptibly affected until
the charged jar approaches to within two feet of the cap.

If a blade of grass and a needle be held pointing towards the prime
conductor of a machine, while the person holding them recedes from
the instrument, a small luminous point will appear on the apex of the
grass long after it has vanished from the apex of the needle.

(206) The following experiment was made by Pouillet, who drew
from it the conclusion that a considerable portion of the Electricity
with which the atmosphere is loaded is derived from the gaseous
fluids given out by plants during the process of vegetation. But it
is right to mention that the experiments of Sir H. Davy (Pkil. Trans.
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for 1826, p. 398) are rather inconsistent with that of the French
electrician.

M. Pouillet arranged in two rows beside each other, on a table
varnished with gum-lac, twelve glass capsules, each about eight inches
in diameter, coated externally for two inches round the lips with a
film of lac varnish: they were filled with vegetable mould, and were
made to communicate with each other by metallic wires, which passed
from the inside of one to the inside in the next, going over the edges
of the capsules. Thus the inside of the twelve capsules and the soil
which they contained formed only a single conducting body. One
of these capsules was placed in communication with the upper plate
of a condenser by means of a brass wire; while at the same time the
under plate was in communication with the ground.

Things being in this situation, and the weather very dry, a quantity
of corn was sown in the soil contained in the capsules,and the effects
were watched. The laboratory was carefully shut; and neither fire,
nor light, nor any electrified body, was introduced into it. During
the first two days, the grains swelled, and the plumul® issued out
about the length of a line, but did not make their appearance above
the surface of the earth. But on the third day the blades appeared
above the surface, and began to incline towards the window, which was
not provided with shutters. The condenser was now charged with
positive Electricity ; consequently, the carbonic acid gas which dis-
engages itself during the germination of the seed is charged with
positive Electricity, and is therefore precisely in the same state as
the carbonic acid formed by combustion. This experiment was
repeated several times with success. But the Eleetricity cannot be
recognised unless the weather is exceedingly dry, or unless the apart-
ment is artificially dried by introducing substances which have the
property of absorbing moisture.

These capsules being insulated, and the air being very dry, and the
soil so dry that it is an imperfect conductor, it is evident that the
Electricity would be retained. Accordingly, when the condenser
was brought into a natural state after one observation, and then
re-placed for experiment, during one second only, it was found to be
charged with Electricity.

(207) Mr. Pine, of Maidstone, deseribes the following experiment,*
made to determine the influences of Electricity on germination :—A
few grains of mustard. seed were sown in similar soils contained in
Leyden jars, electrified positively and negatively. In four days the
plants issued from the soils in both jars; but those in the negative
jars were most advanced. Plants under ordinary circumstances did

* Proceedings of the Electrical Society, Part III. p. 163.
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not appear till about two days later. Infourteen days from the time
of sowing, the plants in the negative jar had grown to 2% inches,
those in the positive jar to 2} inches, and those in the ordinary state
-to 1% inches. The jars in these experiments were uninsulated, for the
purpose of allowing a slight current of fluid to pass through the
plants.

The following experiment was made by Mr. Weekes:—In two
small flower-pots, filled with rich mould, a few grains of mustard-seed
were sown ; both were kept gently watered, but one pot was insulated
and frequently electrified under circumstances which kept it, as it
were, in an electrified atmosphere. The other pot was not interfered
with, and the result was, that the vegetation of the electrified seeds:
appeared several days before the others, and continued afterwards to
grow with a much greater degree of vigour. The Electricity employed
was derived from a galvanic arrangement of thirty pairs of plates,
charged with salt water.

(208) It will be proper to mention, however, that the experiments
undertaken by the author have failed to show any advantage in favour
of electrified soil.  Amongst them were the following :—Three small
metallic cups were filled with fine vegetable mould, and in each a few
seeds of mustard were sown. The soil in each was uniformly
moistened with water. Two of the cups were insulated and kept
constantly electrified by two batteries of twenty pairs of 5-inch
plates, charged with pump-water, the current being made to pass
down the soil in one cup, and up the soil in the other. The third
cup was unelectrified. On the third day, the unelectrified seeds had
germinated, and appeared above the surface of the mould. On the
morning of the fourth day, the young plants were fully developed ;
but in the seeds in the electrified cups, germination had only just
commenced. In this experiment, therefore, Electricity, instead of
favouring, appeared actually to retard germination.

Three small garden-pots'were then filled with the same soil, and
mustard seed being sown in each, they were placed side by side in
glass basins containing a little water. Two of them were then kept
electrified by the same batteries as before, the wires passing about
half an inch into the soil at the surface, and through the holes at the
bottom of the pots. On the morning of the third day, germination
had commenced in all the pots: on the fourth day, the young plants
were all out of ground: at the end of a week they were fully
developed, but there was not the slightest advantage in favour of
those which had been raised under the influence of Electricity. The
attention of the author was subsequently again called to this subject
by the extraordinary effects reported to have resulted from the
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appneation of Electricity to the soil, and from his having been
solicited to take a part in the formation of an Electro-cultural Society;
his experiments were repeated and varied in many ways, but with the
same uniformly negative results as before. He feels bound to state
his conviction, that we have no substantial grounds for believing that
this agent, artificially supplied, has ever exercised the slightest
influence in promoting vegetation, and that in some cases where
it has been supposed to do so, other and unrecognized causes have
concurred in bringing about the observed results.

(209) Ohemical effects—Dr. Priestley first investigated the chemi-
cal effects of ordinary Electricity, by passing a succession of shocks
through a small quantity of water tinged blue by litmus: the liquid
in a short time acquired a red tinge, while the air confined in the
tube suffered evident diminution: an aeid had been formed by the
chemical union of the elements of atmospheric air, viz. oxygen and
nitrogen. It was Mr. Cavendish, however, that first explained this
experiment of Priestley. (See Phil. Trans. for 1784.)

(210) When a succession of discharges is sent through water, a
decomposition of that fluid takes place, the elements of which assume
the gaseous form. This fact was discovered in 1789, by Messrs
Dieman, Paetz, and Van Troostwyck, associated with Mr. Cuthbert-
son. For the experiment they employed a glass tube a foot long,
and one-eighth of an inch in diameter, through one end of which a
gold wire was inserted, projecting about an inch and a half within
the tube; that end was then hermetically sealed. Another wire was
introduced at the other end of the tube, which was left open, and
passed upwards, so that its extremity came to a distance of five-
eighths of an inch from the end of the first wire. The tube was
then filled with distilled water, from which the air had been éxtracted
by the air-pump, and inverted in a vessel containing mercury. A
little common air was let into the top of the tube, in order to prevent
its being broken by the discharge. Electrical shocks were then
passed between the two ends of the wires through the water in the
tube by means of a Leyden jar, which had a square foot of coated
surface. This jar was charged by a very powerful double plate
machine, which caused it to discharge twenty-five times in fifteen
revolutions. At each explosion bubbles of gas rose to the top of the
tube ; and when sufficient water had been displaced to lay bare the
wires, the next shock kindled the gases and caused their re-union.
Thus decomposition and recomposition were effected by the same
agent. In the latter case, however, it may be supposed to have acted
mechanically, or by the heat evolved in its passage through a badly
conducting aériform fluid.

M
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(211) In 1801, Dr. Wollaston published in the Philosophical
Transactions a deseription of a method of analyzing water by the
transmission of sparks instead of shocks. He considered that the
decomposition must depend upon duly proportioning the strength of
the charge of Electricity to the quantity of water, and that the
quantity exposed to its action at the surface of communication
depends on the extent of that surface, he therefore expected that by
reducing the surface of communication the decomposition might be
effected by smaller machines and with less powerful excitation than
were usually considered necessary for the purpose. * Having,” he
says, “ procured a small wire of fine gold, and given to it as fine a
point as I could, T inserted it into a capillary glass tube; and after
heating the tube, so as to make it adhere to the point and cover it at
every part, I gradually ground it down till with a pocket lens I could
discern that the point of gold was disclosed. 1 coated several wires
in this manner, and found that when sparks from a conductor were
made to pass through water by means of a point so guarded, a spark
passing to the distance of one-eighth of an inch would decompose
water, when the point did not exceed v+ of an inch in diameter.
‘With another point, which I estimated at %53, a succession of sparks
one-twentieth of an inch in length afforded a current of small bubbles
of air.”

(212) In these ingenious experiments, however, true electro-
chemical decomposition was not effected: that is, “the law which
regulates the transference and final place of the evolved bodies had
no influence.”” The water was decomposed at both poles inde-
pendently of each other, and the oxygen and hydrogen gases evolved
at the wires are the elements of the water existing the instant before
in those places. “ That the poles, or rather points, have no mutual
decomposing dependence, may be shown,” observes Faraday, by
substituting a wire, or the finger, for one of them,—a change which
does not at all interfere with the other, though it stops all action
at the charged pole. This fact may be observed by turning the
machine for some time ; for though bubbles will rise from the point
left unaltered in quantity sufficient to cover entirely the wire used
for the other communication, if they could be applied to it, yet not a
single bubble will appear on that wire.”

(218) The following beautiful experiments, made by Faraday (Zz.
Research. series v. 462 et seq.), prove that, so far from electro-chemical
decomposition depending upon the simultaneous action of ¢wo metallic
poles, air itself may act as a pole, decomposition proceeding therewith
as regularly and truly as with metal.

A piece of turmeric paper, not more than 04 of an inch in length,
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and 08 of an inch in width, was moistened with sulphate of soda, and
placed upon the edge of a glass plate opposite to and about two
inches from a point connected with a discharging train arranged by
connecting metallically a sufficiently thick wire with the metallic gas-
pipes of the house, with those of the public gas-works of London, and
with the metallic water-pipes of London. A piece of tin-foil resting
upon the same glass-plate was connected with the machine and also
with the turmeric paper by the decomposing wire o, Fig. 104. The

Fig. 104,

machine was then worked, the positive Electricity passing into the
turmeric paper at the point p, and out at the extremity n. After
forty or fifty turns of the machine (a plate fifty inches in diameter),
the extremity » was examined, and the two points or angles found
deeply coloured by the presence of free alkali.

A similar piece of litmus paper dipped in a solution of sulphate of
soda (Fig. 105) was now supported upon the end of the discharging

Fig. 105,

train @, and its extremity brought opposite to a point p, connected
with the conductor of the machine. After working the machine for
a short time, acid was developed at both corners towards the point,
i. . at both corners receiving the Flectricity from the air. Then a
long piece of turmeric paper, large at one end and pointed at the
other, was moistened in the saline solution and immediately con-
nected with the conductor of the machine, so that its pointed
extremity was opposite a point upon the discharging train. When

“w 9



164 STATICAL 'OR FRICTIONAL ELECTRICITY.

the machine was worked, alkali was evolved at that point; and even
when the discharging train was removed, and the Electricity left to
be diffused and carried off altogether by the air, still alkali was
evolved where the Electricity left the turmeric paper.

Arrangements were then made in which no metallic communication
with the decomposing matter was allowed, but otk poles formed of
air only. Pieces of turmeric and litmus paper, ¢ b (Fig. 106), moist-

Fig. 106.
y

- 2 i

ened with solution of sulphate of soda, were supported on wax
between the points, connected with the conductor of the machine
and the discharging train, as shown in the figure; the interval
between the respective points was about half an inch. On working
the machine, evidence of decomposition soon appeared, the points b
and & being reddened from the evolution of acid and alkali.

Lastly, four compound conductors of litmus and turmeric paper
were arranged as shown in Fig. 107, being supported on glass rods;

Fig. 107.

l& n a_ b ¢ b a b a_ b 2”
<= o D<K

and on working the machine carefully, so as to avoid sparks and
brushes, evidence of decomposition was obtained in each.

(214) Notwithstanding, then, the absence of metallic poles, we
have here cases of electro-chemical decomposition precisely similar to
those effected under the influence of the voltaic battery; and we
appear to have direct proof also that the power which causes the
separation of the elements is exerted not at the poles, but at the
parts of the body which is suffering decomposition.

(215) The arrangement shown in Fig. 108 was employed by
Faraday for effecting electro-chemical decomposition by common

Fig. 108. Electricity. On a glass plate,
raised above a piece of white
paper, two small slips of tin-foil,
a b, were placed: one was con-
nected by the insulated wire ¢
with an electrical machine, and
the other by the wire g with a
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discharging train, or with the negative conductor. Two pieces of
fine platinum wire, bent as in Fig. 109, were provided, and so arranged
that the part d f was nearly upright, while

. the whole rested on the three bearing

points p e f. The points p # thus became d
the decomposing poles. They were placed

on a piece of filtering paper wetted with tij:‘ﬁ ?
the solution to be experimented upon. ‘

‘When litmus paper, moistened in a solution
of common salt or sulphate of soda, was employed, it was quickly
reddened at p; a similar piece, moistened in muriatic acid, was very
soon bleached at the same point, but no effects of a similar kind took
place at ». A piece of turmeric paper, moistened in solution of
sulphate of soda, was reddened at » by two or three turns of the
machine ; and in twenty or thirty turns, plenty of alkali was there
evolved. On turning the paper round, so that the spot came under
», and then working the machine, the alkali soon disappeared, the
place became yellow, and a brown alkaline spot appeared in the new
part under n. 'When pieces of litmus paper and turmeric paper, both
wetted with solution of sulphate of soda, were combined, and put
upon the glass, so that » was on the litmus, and » on the turmeric, a
very few turns of the machine sufficed to show the evolution of acid
at the former and alkali at the latter, exactly in the manner effected
by a volta-electric current. (See Exz. Researches, third series, 809 et
seq.)

(216) In these experiments the direct passage of sparks must be
carefully avoided. If sparks be passed over moistened litmus paper,
it is reddened ; and if over paper moistened with solution of iodide of
potassium, iodine is evolved. But these effects must carefully be
distinguished from those due to electro-chemical powers, or true
electrolytic action, and must be carefully avoided when the latter are
sought for. The effect just mentioned is occasioned by the formation
of nitric acid by the chemical union of the oxygen and the nitrogen of
the air: the acid so formed, though very small in quantity, is in a high
state of concentration, and therefore reddens the litmus paper, and
decomposes the iodide.

(217) It does not appear that Faraday was more successful than
‘Wollaston in effecting a true electro-polar decomposition of water..
He says (329), “ there is reason to believe that when electro-chemical
decomposition takes place, the quantity of matter decomposed is not
proportionate to the intensity, but to the quantity of Electricity
passed ; but in Wollaston’s experiment this is not the ecase. If with
a constant pair of points the Electricity be passed from the machine
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rendered shorter, less gas is evolved; and if no sparks be passed,
there is scarcely a sensible portion of gases set free.  On substituting
solution of sulphate of soda for water, scarcely a sensible quantity of
gas could be procured, even with powerful sparks, and almost none
with the mere current; yet the quantity of Electricity in a given
time was the same in all these cases.” “I believe at present that
commony Electricity can decompose water in a manner analogous to
that of the voltaic pile. But when I consider the true ¢ffect only was
obtained, the quantity of gas given off was so small, that I could not
ascertain whether it was, as it ought to be, oxygen at one wire and
hydrogen at the other. On substituting solution of sulphate of soda
for pure water,. these minute streams were still observed; but the
quantities were so small, that on working the machine for half an
hour, I could not obtain at either pole a bubble of gas larger than a
small grain of sand ; and if the chemical power be in direct proportion
to the absolute quantity of Electricity which passes, this ought to be
the case.”” In paragraph 359 he says, “It is doubtful whether any
common electrical machine has yet been able to supply Electricity
sufficient in a reasonable time to cause true electro-chemical decom-
position of water.”

(218) Mr. Goodman, of Salford, near Manchester, who published
some years ago a very ingenious essay on the “ Modifications of the
Flectric Fluid,” has succeeded in decomposing water by current alone,
and with unguarded poles : he states that the experiment is most
readily performed by exposing % of an inch of the ends of two fine
platina wires, immersed in distilled water. The extremities thus
exposed are after a few turns of the machine (which must be a
powerful one), covered over with gas bubbles, producing a frosted
appearance, and at all times in double quantity on the negative or
kydrogen pole. The gas may speedily, and sometimes from the outset
also, be seen to ascend, especially with a small convex lens.

(219) Mr. Goodman has described a method of polarizing fric-
tional Electricity by arranging a series of circular glass plates on an
insulating axis, and applying to each two metallic moveable coatings.
The first coating is placed by means of a wire, in connexion with the
positive conductor of an electrical machine, its outer surface and
coating being in communication with the inner surface of the next
plate, and so on throughout the series: the last surface being con-
nected with the negative conductor of the machine. The physiolo-
gical effect of this arrangement is described as being entirely novel,
the sensations produced by the electro-magnetic machine being
exactly imitated ; but Mr. Goodman did not succeed in effecting the
polar decomposition of water by it, the gas generated being a mixture
of oxygen and hydrogen at each pole: but when the Electricity was
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collected by means of points, in connexion with each individual
surface, the occurrence of shocks in the current was prevented, and
the gas was obtained in a manner perfectly identical with galvanic
decomposition, though in quantity so minute that, after nearly two
hours’ turning, only a small bubble of about one eighth of an inch in
length was obtained.

(220) In order to obtain as complete a proof as possible of the
identity of the galvanic 'and ordinary Electricities, Mr. Goodman
endeavoured so to unite them, that they should act in concert in the
decomposition of water: with this view he arranged two wine-glasses
of distilled water, and inserted in each two guarded poles,* one of
which was from a couronne des tasses of ten or twelve jars, and the
other (the opposite pole) from the electrical machine: thus there was
a positive pole from the machine, and a negative pole from the bat-
tery in one glass; and a negative pole from the machine, and a posi-
tive pole from the battery in the other glass. The experiment
succeeded, and gas was generated by each of the four poles. It was
afterwards found that a similar effect might take place with the
frictional fluid alone.

(221) In order to obviate that objection to “guarded points,’”
before alluded to, viz., that they have no “mutual decomposing
dependence,” Mr. Goodman determined to attempt decomposition
by wnguarded ones. Having at hand two hammered platina wires,
without any glass or other coating upon them, the point of one
was slowly passed beneath the surface of the water, and when
about one-eighth of an inch immersed, it became speedily covered
with minute bubbles: the decomposition proceeding as unsual at the
guarded pole during the whole period. The guarded pole was then
removed, and the second unguarded one substituted, and on turning
the machine for a very short period, both poles were entirely covered
with gas, the negative in about fwofold quantity: thus, decompo-
sition of water was effected perfectly identical with galvanism, from
the prime conductor of the machine alone, and subject to no ob-
jections on the ground of the metal poles being covered with non-
conducting matter.

* The guarded poles were thus constructed :—a piece of the finest platinum
wire was hammered at its extremity, until it formed a flat plate, whose area was
about: ten or twelve times the diameter of the wire: then, with a pair of scissors
it was cut into as fine a peint and filament as possible, placed in a small glass
tube, the extremity of which was melted until it adhered to and covered the
filament, and afterwards by grinding a point, was exposed sufficiently for a small
spark from the machine just to pass,—which point could not be discovered either
with the naked eye or a miscroscope.
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(222) Two guarded poles were next immersed in separate glasses
of water, one being connected with the outer, and the other with the
inner coating of a charged and insulated Leyden phial: the object
being to see whether oxygen and hydrogen would be eliminated in
each vessel, independently of the other. Upon attempting to pass
shocks, however, no trace of gas could be observed ; but when a com-
munication was established between the glasses, by means of a bent
copper wire, decomposition instantly proceeded, visibly at the guarded
poles: a piece of copper wire was then inserted in a glass of distilled
water, in which a guarded pole was placed, and after about twenty
minutes’ turning, it became covered with bubbles of gas. Three
glasses were then arranged: in the two outer, guarded poles were
placed, connected respectively with the positive and negative con-
ductors of the electrical machine, and each was then connected with
the middle glass by a bent platina wire, the ends of which dipped
about an eighth of an inch below the surface of the water. In five
minutes, bubbles of gas made their appearance on the inserted termi-
nation of each wire, and in twenty minutes very considerable bubbles
were found, as distinct as in any galvanic decomposition, and com-
menced ascending from the surface of the wires.

(228) The currents were next introduced into the glasses, without
any guarded pole whatever, copper wires being substituted: in fwo
minutes and a half gas was evident upon every termination: and,
lastly, two thick unguarded wires were inserted in a single wine-glass,
one wire proceeding from the positive, and the other from the nega-
tive conductor,—in ¢hree minutes bubbles appeared: in five minutes,
all parts of the wires below the water assumed a frosted appearance,
about double the quantity of bubbles appearing on the negative wire,
and in half an hour, the covering, especially of the negative pole,
might be seen at the distance of two yards, exhibiting as fair an
electro-chemical effect as is ever observed in voltaic Electricity.

(224) Mr. Goodman having kindly furnished the author with a
pair of the guarded points, employed in his own experiments, he has
much pleasure in stating that he has tried them with very satisfac-
tory results. Five turns of a two feet plate machine, in good action,
were sufficient to produce a bubble of gas on the negative point,—
twenty turns gave bubbles on both: that on the negative wire being,
as nearly as the eye could judge, double the size of that on the posi-
tive, and 100 turns sent the gas from the negative point in a shower
of minute bubbles, while the bubble on the positive point became as
big as the head of a large pin. There is no doubt, that in this ex-
periment, the decomposition was #rue electro-polar, although there is
no direct proof that such is really the case.
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CHAPTER VI.
ATMOSPHERIC ELECTRICITY.

Exploring wires—Electrical kites—Electrical observations at the observatories of
Kew and Brussels—Lightning and thunder— Lightning conductors—Torna-
does and waterspouts—The aurora borealis—Induction of atmospheric
Electricity in the wires of the electric telegraph—Analogy of the submerged
electric telegraph wire to the Leyden phial.

(225) THE atmosphere is that part of our planet in which the
Electricity liberated by various processes accumulates; it is the great
natural reservoir of sensible Electricity which is found there in
different degrees of intensity, varying also in its condition, being
sometimes positive and at other times negative. When fhe air is
clear and the sky serene, the Electricity is generally positive; in
damp or rainy weather it is more frequently negative. In the higher
regions it is more powerful than in the lower; it is also stronger in
winter than in summer; and when the air is still than during the
prevalence of wind. The transitions in the electrical state of the
atmosphere from positive to negative, were frequently observed by
Humboldt during his travels in the equinoctial regions of the new
continent. “Isaw here,”* he writes (Travels, vol. ii. p. 143), “ what
I had often observed in the ridge of the Andes during a storm, that
the Electricity of the atmosphere was first positive, then n:l, then
negative. These oscillations from positive to negative were frequently
repeated ; yet the Electrometer constantly denoted a little before the
lightning only Eor + E and never —E....... ‘We noticed in
the valleys of Aragna the increase of atmospheric Electricity with
the augmentation of vesicular vapours, and the Electrometer of
Volta constantly displayed at sunset positive Electricity. During
whole hours in the day-time the Electricity was nil, then it would
become very strong, and soon after again imperceptible.”

(226) It has been ascertained by the observations of De Saussure,
Schubler, Arago, and others, that the positive Electricity of the
atmosphere is subject to diurnal variations of intensity, there being
two mazima and two minima every twenty-four hours. The first

* On the banks of the river Apure.
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minimum takes place a little before the rising of the sun; as it rises,
the intensity at first gradually, and then rapidly increases, and
arrives at its first mawimum a few hours after. This excess diminishes
at first rapidly and afterwards slowly, and arrives at its minimum
some hours before sunset. It re-ascends when the sun approaches
the horizon, and attains its second mazimum a few hours after, then
diminishes till sun-vise, and proceeds in the order already indicated.

The dntensity of the free Electricity of the atmosphere has also
been found to undergo annual changes, increasing from the month of
July to the month of November, inclusive; so that the greatest
intensity occurs in winter and the least in summer. In cloudy
weather the free Electricity of the air is still positive. During
storms, or when it rains or snows, it is sometimes positive and some-
times negative, and its intensity is always more considerable than in
serene weather. During a storm, the Electroscope will frequently
indicate several changes, from positive to negative.

The Electricity of the atmosphere, whether we consider it in
reference to ourselves as being continually exposed to its quiet, as
well as to its disturbed influence, or to the grandeur and magnificence
of the phenomena which it displays, is perhaps the most interesting
branch of this captivating science.

(227) The Electricity of the atmosphere is examined by means of
exploring conductors, exploring wires, and kites. The collector
employed by Cavallo was simply a common jointed fishing rod, the
smallest joint of which was re-placed by a well varnished and slender
glass tube surmounted by a cork, from which was suspended a pith-
ball Electroscope, which ‘could be insulated and uninsulated at plea-
sure by means of a pin and piece of string.. When an observation
was to be made, the rod was held out of one of the highest windows
of a house, at an angle of about 50° or 60°, and kept there for a few
minutes, the Electroscope being uninsulated; the balls were then
insulated by removing the pin by pulling the cord; and the balls
then became electrified in a state opposite to that of the atmosphere.

(228) Read, who made many experiments on the Electricity of
the atmosphere, employed the conductor, or * thunder rod,” shown
in Fig. 110. (Encycl. Brit) It consisted of a wooden rod, A A,
twenty feet long, one inch in diameter at the top and two at the
bottom. Into the lower end was cemented a solid glass pillar B,
coated with wax, and twenty-two inches long. This pillar rested on
a wooden pedestal C, carried by a bracket D. At thirteen inches
above D, the rod passes through a stout glass tube, F, coated with
wax, and supported by a strong arm of wood E. A lining of cork
lies between the rod A and the tube F, to prevent the latter from
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being broken when the rod is bent by
the wind. Several sharp pointed cop-
per wires, G, stand out from the top of
the tube. The use of the funnels, H
H, is to defend the glass rods, B T,
from the weather. Through a hole in
the wall at I, passes a glass tube,
coated with sealing-wax, through which
a strong brass wire passes from the rod
at M into the room. At the end of
the tube this wire passes through a
brass ball, I, two inches in diameter;
and after proceeding a little further, it
suspends from its extremity a pith-ball
electrometer, K, about twelve inches
from the wall. A bell, N, carried by a
strong wire, is placed two inches from
the brass ball, L, three-tenths of an
inch in diameter, suspended from the
nail, O. The bell N, which has a
metallic communication R, with the
moist ground, is rung by the ball L.
Jars and other pieces of apparatus are
placed, when wanted, upon the small
shelf P, and all this part of the appa-
ratus is protected from the weather by
being enclosed in a wooden box.

(229) The simple exploring appa-
ratus shown in Fig. 111, was erected
by the author some years ago, and
though the situation was low, it fre-
quently afforded highly interesting
exhibitions of electrical phenomena.
During hail-storms large Leyden jars
were repeatedly charged from the ball
e, and every electrical cloud that passed
over the factory indicated its vicinity
either by the passage of small sparks
between the balls e and £ or by the
divergence of the pith balls.
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A represents the top of a tall fir-pole, thirty-five feet in height,
fixed on the chimney of a factory; b, a painted copper funnel, sur-
mounted with a brass four-pronged fork, from which the copper wire
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¢ proceeds, and is conducted to a second insulated funnel d, enclosing
a thick brass wire, which, insulated by a stout glass tube, passes

Fig. 111,

through the stone-work of the laboratory window, and terminates in
a two-inch brass ball ¢ ; fis a smaller ball connected with a bent wire
passing into the gun-barrel ¢, and capable of being brought to any
required distance from the ball ¢; the gun-barrel passes through the
stone-work of the window, and is metallically connected with the
earth by the iron rod £. There is also an arrangement not shown in
the figure, consisting of a stout iron rod capped with a brass ball
fixed at about two inches distant from the funnel d; this rod passes
into the earth, and thus prevents any accident which might arise
from a flash of lightning striking the apparatus. The fir-pole A is
terminated by a stout glass rod eighteen inches long, to which the
funnel serves as a protection. A pair of small pith-balls are suspended
from the ball e, which by their divergence give notice of the electrical
state of the apparatus.

An instrument for investigating the electric state of the atmo-
sphere was constructed by M. Colladon, of Geneva, on the following
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principle. He found that if the two ends of the wire of a galvanic
multiplier, consisting of very numerous coils well insulated from each
other, were brought in contact, one with a body positively, and the
other with a body negatively charged, a current of Electricity passes
through the wire until equilibrium is restored, the energy and direc-
tion of this current is indicated by the deviation of the needle from
the zero point of the scale. This instrument is applied to the purpose
of ascertaining and measuring the atmospheric Electricity by com-
municating one end of the wire with the earth, and allowing the
other to extend into the region of the atmosphere, the electrical
state of which is intended to be compared.

(230) Mr. Crosse collects the Electricity of the atmosphere by
means of wires supported and insulated on poles fixed on some of the
tallest of the magnificent trees which ornament his grounds. As far
as the eye can reach, these poles may be seen, though when the
author visited Broomfield in 1844, in consequence of some extensive
damages which happened during a violent storm, not more than 1600
feet of wire were insulated. The wires are insulated on the poles by
means of funmels, one of which is represented in Fig. 112. It is
made of copper, about four and a half inches in Fig. 112,
diameter, and eleven inches in length, and into a
cavity or socket of about two inches deep formed
at the closed end of the funnel, is firmly cemented
a stout glass rod of sufficient length to reach to
the open end of the funnel, where it is mounted,
by means of strong cement, with a metallic cap
and staple. The latter appendage receives the
hook of a very strong wire, which passes through a
circular plate of copper placed about four inches
from the mouth of the funnel, and terminates in a
hook to which one end of the exploring wire is
fixed. The object of the metallic disc is to pre-
clude the admission of snow, rain, &c., and thus to v
preserve the glass rod in a dry insulating condition. These funnels
are easily raised to the tops of the poles by an arrangement of
pulleys, and thus the wires can at pleasure be drawn up and taken
down. Outside the window of the gallery of the electrical room is
fixed firmly in the ground a stout pole, on the top of which a large
insulated funnel is fixed, and this forms the termination of the
exploring wire, the Electricity being conveyed from it through the
window by means of a stout wire to a large brass ball, from which
again it is conveyed by a curved wire to a brass conductor insulated
and fixed on a table, and bearing the appropriate words, “ Noli me
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tangere”’ On the same plane with the conductor is fixed another
arrangement having a metallic comimunication with a neighbouring
pond, and by means of a screw the brass ball with which it is termi-
nated may be adjusted at any required distance from the opposed
brass ball of the conductor. Another most important piece of
apparatus is a lever furnished with an insulating handle, by means of
which the current of Electricity, when too strong, or when no
experiments are in progress, is easily directed into the earth outside
the window, and without entering the room.

(281) The electrical battery employed by Mr. Crosse consists of
fifty jars, containing seventy-three square feet of coated surface: to
charge it requires two hundred and thirty vigorous turns of the wheel
of a twenty-inch cylinder electrical machine : nevertheless, with about
one-third of a mile of wire, Mr. Crosse has frequently collected
sufficient Electricity to charge and discharge this battery twenty
times in a minute, accompanied by reports as loud as those of a
cannon. The battery is charged through the medium of a large
brass ball, suspended from the ceiling immediately over it, and con-
nected, by means of a long wire, with the conductor in the gallery:
this ball is raised from, and let down to, the battery by means of a
long silk cord, passing over a pulley in the ceiling: and thus this
extraordinary electrician, while sitting calmly at his study table,
views with philosophic satisfaction the wonderful powers of this
fearful agent, over which he possesses entire control, directing it at
his will; and, with a simple motion of his hand, banishing it instan-
taneously from his presence.

(232) The following account of the construction of a thunder
cloud, as examined by means of the exploring wires, has been kindly
furnished for this work by Mr. Crosse :~— -

“On the approach of a thunder cloud to the insulated atmo-
spheric wire, the conductor attached to it, which is serewed into a
table in my electrical room, gives corresponding signs of electrical
action. ~In.fair cloudy weather the atmospheric Electricity is inva-
riably positive, increasing in intensity at sun-rise and sun-set, and
diminishing at midday and midnight, varying as the evaporation of
the moisture in the air: but when the thunder cloud (which appears
to be formed by an unusually powerful evaporation, arising either
from a scorching sun succeeding much wet, or vice versd) draws near,
the pith-balls suspended from the conductor open wide, with either
positive or negative Electricity; and when the edge of the cloud is
perpendicular to the exploring wire, a slow succession of discharges
takes place between the brass ball of the conductor and one of equal
size, carefully connected with the nearest spot of moist ground. I
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usually connect a large jar with the conductor, which increases the
foree of, and in some degree regulates the number of the explosions;
and the two balls between which the discharges pass ean be easily
regulated, as to their distance from each other, by a screw. After a
certain number of explosions, say of negative Electricity, which at
first may be nine or ten in a minute, a cessation occurs of some
seconds or minutes, as the case may be, when about an equal number
of explosions of positive Electricity takes place, of similar foree to
the former, dndicating the passage of two oppositely and equally
electrified zones of the cloud : then follows a second zone of negative
Electricity, occasioning several more discharges in a minute than
from either of the first pair of zones; which rate of increase appears
to vary according to the size and power of the cloud. Then occurs
another cessation, followed by an equally powerful series of dis-
charges of positive Electricity, indicating the passage of a second
pair of zones: these, in like manner, are followed by others, fearfully
increasing the rapidity of the discharges, when a regular stream com-
mences, interrupted only by the change into the opposite Electricities.
The intensity of each new pair of zones is greater than that of the
former, as may be proved by removing the two balls to a greater
distance from each other. 'When the centre of the cloud is vertical
to the wire, the greatest effect consequently takes place, during which
the windows rattle in their frames,and the bursts of thunder without,
and noise within, every now and then accompanied with a crash of
accumulated fluid in the wire, striving to get free between the balls,
produce the most awful effect, which is not a little increased by the
pauses occasioned by the interchange of zones. Great caution must,
of course, be observed during this interval, or the consequences would
be fatal. My battery consists of fifty jars, containing seventy-three
feet of surface, on one side only. This battery, when fully charged,
will perfectly fuse into red-hot balls thirty feet of iron wire, in one
length, such wire being +}5 of an inch in diameter. When this
battery is connected with three thousand feet of exploring wire,
during a thunder storm, it is charged fully and instantaneously, and
of course as quickly discharged. As I am fearful of destroying my
jars, I connect the two opposite coatings of the battery with brass
balls, one inch in diameter, and placed at such distance from each
other as to cause a discharge when the battery receives three-fourths
of its charge. "When the middle of a thunder-cloud is over head, a
crashing stream of discharges takes place between the balls the effect
of which must be witnessed to be conceived.

“As the cloud passes onward, the opposite portions of the zones,
which first affected the wire, come into play, and the effect is
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weakened with each successive pair till all dies away, and not enongh
Electricity remains in the atmosphere to affect a gold-leaf Electro-
meter. I have remarked that the air is remarkably free of Electri-
city, at least more so than usual, both before and after the passage of
one of these clouds. Sometimes, a little previous to a storm, the gold
leaves connected with the conductor will for many hours open and
shut rapidly, as if they were panting, evidently showing a great
electrical disturbance.

“ It is known to electricians, that if an insulated plate, composed
of a perfect or an imperfect conductor, be electrified, the Electricity
communicated will radiate from the centre to the circumference,
tncreasing in force as the squares of the distances from the centre;
whereas in a thunder-cloud the reverse takes place, as its power
diminishes from the centre to the circumference. First a nucleus
appears to be formed, say of positive Electricity, embracing a large
portion of the centre of the cloud, round which is a negative zone of
equal power with the former; then follow the other zones in pairs,
diminishing in power to the edge of the cloud. Directly below this
cloud, according to the laws of inductive Electricity, must exist on
the surface of the earth a nucleus, of opposite or negative Electricity,
with its corresponding zone of positive, and with other zones of
electrified surface, corresponding in number to those of the cloud
above, although each is oppositely electrified. A discharge of the
positive nucleus above into that of the negative below, is commonly
that which occurs when a flash of lightning is seen; or from the
positive below to the negative above, as the case may be: and this
discharge may take place according to the laws of Electricity,
through any or all of the surrounding zones, without influencing their
respective Electricities otherwise than by weakening their force, by
the removal of a portion of the electric fluid from the central nucleus
above to that below: every successive flash, from the cloud to the
earth, or from the earth to the cloud, weakening the charge of the
plate of air, of which the cloud and the earth form the two opposite
coatings. Much might be said upon this head, of which the above is
but a slight sketch.”

At a later date, Mr. Crosse adds: “ At the time I made these
experiments on the Electricity of the atmosphere, I was much
puzzled to account for the separation of the cloud into concentrie
and opposite electrical zones. I was at first inclined to refer this
phenomenon to the fact of the cloud being a secondary conductor;
and in consequence I insulated and electrified various plates of a
secondary conducting power, such as moist wood, leather, &e., &c.,
and compared the Electricity which resided on every part of their
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surfaces with that which was communicated to insulated primary con-
ductors, and I found no difference in the residence of the electric
fluid, as in both primary and secondary conductors it radiated
equally from the centre to the circumference; nor was the least
symptom of an oppositely electrified zone discoverable. At last I
hit upon what I believe to be the real cause of the phenomena. A
cloud is of course a mass of vapour of a secondary conducting nature;
but that is not sufficient to account for the zones. A cloud is
composed of minute particles of water, each separated from its
‘neighbour, and held in suspension by the caloric, which causes it to
be elevated into the atmosphere in the form of vapour; consequently
the whole cloud is subdivided into little conducting spheres, and
resembles in this respect a dry plate of glass gently breathed upon,
or a plate of glass dotted all over with spots of tin-foil. If you form
a plate of this nature, and electrify the central spot with a spark
from a charged jar, what is the consequence? Why the communi-
cated Electricity will strike from the central spot across the
contiguous spaces, and divide its Electricity equally amongst them,
and in a circle; and when it has exhausted its communicating power,
an ¢nductive influence begins, which in its turn communicates the
opposite Electricity to the neighbouring spots, in a concentric circle,
around the first nucleus formed. Here we have one pair of zones,
which will in like manuer be followed by a second pair, and so on, till
the whole cloud is arranged accordingly ; the central zones being the
most powerfully electrified, and those at the circumference the
weakest. By reasoning analogically it must be so. The more
powerfully electrified is the cloud, the wider and more extensive is
each pair of zones, and also the more numerous. Should I be asked,
what influence is it that first impresses this electric power on the
centre of the thunder cloud?—I could not presume to answer.
Rudely-speaking, evaporation seems to be the main cause. I should,
in speaking of the conducting nature of clouds and vapours, make use
of a new term, and call them disseminated eonductors, in opposition
to those of an uniform substance. It is the interval, the non-con-
ducting interval between each particle of suspended water, which is
the cause of these effects ; it being a law of Electricity that a number
of small intervals between conducting substances impede the com-
municating power as much as one greater interval, and hence the
inductive power.”

(233) Magnificent and astounding as must have been such a
spectacle as that above so foreibly described, it was if possible exceeded
in brilliancy by the electrical phenomena observed some years since
by Mr. Crosse, during a dense November fog, of which he has

N



178 STATICATL OR FRICTIONAL ELECTRICITY.

favoured us with the following interesting account:—* Many years
since, I was sitting in my electrical room on a dark November day,
during a very dense driving fog and rain which had prevailed for
many hours, sweeping over the earth, impelled by a south-west wind.
The mereury in the barometer was low, and the thermometer indi-
cated a low temperature. I had at this time 1,600 feet of wire
insulated, which, crossing two small valleys, brought the electric fluid
into my room. There were four insulators, and each of them 'was
streaming with wet, from the effects of the driving fog. From about
eight o’clock in the morning until four in the afternoon, not the least
appearance of Electricity was visible at the atmospheric conductor,
even by the most careful application of the condenser and multiplier;
indeed, so effectually did the exploring wire conduct away the Elec-
tricity which was communicated to it, that when it was connected
by means of a copper wire with the prime conductor of my 18-inch
cylinder in high action, and a gold leaf Electrometer placed in contact
with the connecting wire, not the slightest effect was produced upon
the gold leaves. Having given up the trial of further experiments
upon it, I took a book, and occupied myself with reading, leaving by
chance the receiving ball at upwards of an inch distance from the ball
in the atmospheric conductor. About four o’clock in the afternoon,
whilst I was still reading, I suddenly heard a very strong explosion
between the two balls, and shortly after many more took place, until
they became one uninterrupted stream of explosions, which died
away and re-commenced with the opposite Electricity in equal
violence. The stream of fire was too vivid to look at for any length
of time, and the effect was most splendid, and continued without in-
termission, save that occasioned by the interchange of Electricities,
Jor upwards of five hours, and then ceased totally. During the whole
day, and a great part of the succeeding night, there was no material
change in the barometer, thermometer, hygrometer, or wind ; nor did
the driving fog and rain alter in its violence. The wind was not
high, but blew steadily from the S.W. Had it not been for my
exploring wire, I should not have had the least idea of such an elec-
trical accumulation in the atmosphere: the least contact with the
conductor would have occasioned instant death,—the stream of fluid
far exceeding any thing I ever witnessed, excepting during a thunder-
storm. Had the insulators been dry, what would have been the effect ?
In every acre of fog, there was enough of accumulated Electricity to
have destroyed every animal within that acre.  How can this be ac-
counted for? How much have we to learn before we can boast of
understanding this intricate science ?*’

(234) Amongst those individuals in whom the splendid electrical
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achievements of Mr. Crosse excited an ardent taste for atmospheric
investigations, the late Mr. Weekes, of Sandwich, must not be allowed
to pass unnoticed. This gentleman, at considerable trouble and
expense, erected an exploring wire, about 365 yards horizontally over
the town in which he resided, insulating it against the balls from
which arise the vane-spindles of the two churches, and conducting
the termination to an insulated arrangement in his laboratory. “The
scenes enacted by this apparatus,” to use the Sandwich elec-
trician’s own language, “are occasionally distinguished by a magnifi-
cence and interest which nothing short of ocular demonstration can
serve to portray; nor, perhaps, are the almost hourly varying
phenomena of its minor indications less deserving attention from the
inquisitive admirer of natural science. 'When the gathering storm-
cloud, pregnant with infuriated lightnings, and momentarily gaining
additional sublimity from reverberating peals of deafening thunder,
lingers over the line of wire, and deluges the earth with rain, or
batters its beautiful foliage with unrelenting showers of hail,—then,
tremendous torrents of electric matter, assuming the form of dense
sparks, and possessing most astonishing intensity, rush from the
terminus of the instrument with loud cracking reports, resembling in
general effect the well-known running fire occasioned by the vehe-
ment discharge of a multiplicity of small fire-arms. Fluids are
rapidly decomposed: metals are brilliantly deflagrated; and large
extents of coated surface repeatedly charged and discharged in the
space of a few seconds. When these phenomena occur incidental to
the hours of darkness, the lightning flash is seen harmlessly to play
in various zig-zag and fantastic shapes amidst the several contrivances
by means of which its power is subdued; thus augmenting the sub-
limity of a scene, compared to the correct delineation of which the
efforts of language are but imbecility. Again, relinquishing its
claims to the terrific and sublime for features of a more gentle com-
plexion, even the light and feathery aggregations of the summer cloud
are found capable of imparting to a pair of delicate gold-leaf pendu-
lums, a test by which the phﬂosopher assigns a character to inaccessible
regions of the atmosphere.”

(235) In the sixth volume of “Sturgeon’s Annals of Electricity,”
Mr. Weekes has given a most interesting deseription of some brilliant
electrical phenomena observed during a grand hail-storm which
oceurred at Sandwich on the 9th of May, 1841; but as it would be
impossible to do justice to the account without the plate which
accompanies it, and which is somewhat too large to be inserted here,
we must be satisfied with referring our readers to the original paper.
In the same volume, page 98, will be found another equally interest-

e K



180 STATICAL OR FRICTIONAL ELECTRICITY.

ing communication from Mr. Weekes, in which he describes some
electrical phenomena observed by him during a thunder-storm in the
autumn of 1840, particularly the alternation of the Electricity from
positive to negative, indicating the passage of zones, and verifying
Mr. Crosse’s idea of the construction of a thunder-cloud. This same
paper contains an account of some experiments made by the author
with a view of insulating ozone, the name given by M. Schoenbein to
that peculiar odorous prineiple which appears to be developed when
ordinary Electricity passes from the points of a conductor to the
surrounding air, and which is also disengaged whilst water is decom-
posing by a voltaic current. It is the opinion of M. Schoenbein
that this odorous principle should be classed in that genera of bodies
to which chlorine and bromine apparently belong ; that it is always
disengaged in the air in sufficiently notable quantities during stormy
weather; and he suggests the following method of rendering it
evident, founded on its property of rendering gold and platinum
electro-negative ; viz. to place plates of platinum in situations suffi-
ciently elevated, taking care that they communicate with the earth:
as soon as these plates become negatively polar, M. Schoenbein thinks
that it may be concluded that ozone is developed. i
(236) Mr. Weekes found that when a piece of platinum foil three
or four inches square, fastened to a wire, and held in the hand of the
operator, was brought for a few seconds into the vicinity of the
terminal ball of his aérial apparatus, when a free current in the form
of sparks was passing, the plate acquired a negative polarity, which
may be immediately shown by the galvanometer, and the experiment
repeated with the greatest facility as often as desired. He con-
structed an apparatus by which dense sparks of Electricity were
caused to pass for about fifteen seconds between two metallic plates
enclosed in a cylinder of glass: and he states, that on removing the
cover of the arrangement the atmosphere of the cylinder had become
so strongly impregnated with a powerful pungent phosphoric odour,
that he found it exceedingly inconvenient to respire over it; nor
could he find any individual willing to permit its approach towards
his nostrils beyond a second or two. Several highly interesting facts
connected with this peculiar odorous principle have been collected;
and in a future chapter we shall take occasion to advert to them.
(237) By means of exploring rods and wires, the Electricity of the
lower atmosphere may be easily collected and examined, but for
bringing it down from the higher regions the grand Franklinian kite
experiment must be resorted to (17). The experiments. with the
electrical kite are very interesting, but great caution is required, and
poor Richman’s untimely end (19) should be steadily before the
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mind while conducting them. When thunder-clouds are about, the
string should never be allowed to pass through the hand while raising
the kite, even. though it have a good connexion with the ground:
indeed, even under a Fig. 113.
cloudless sky, during a
smart north-east breeze,
we have frequently ex-
perienced very unpleas-
ant shocks whilst letting
out the string. By em-
ploying, however, the
little apparatus shown
in Fig. 113, complete
security is insured, and
we strongly recommend
it to the notice of kite
experimenters. A is a
square copper box sup-
. ported on a stout glass
pillar (not less than two
inches thick), and firmly
cemented into a base-
board, which is secured
to the ground by strong iron pegs nine inches long, passing through
the holes and driven into the ground. The box contains a reel round
which the wired string is wound : it is turned by a glass handle fixed
on the multiplying wheel. d is a small catch moved by a key
furnished with a glass handle, by which the reel may be stopped
when required without touching the string. ¢ is a Lane’s elec-
trometer provided with a screw adjustment, by which the distance
between the brass balls may be regulated with the greatest micety ;
it is connected with the ground by a chain or wire. The method of
using this apparatus will immediately be understood. When the.
kite (which may be simply a silk-handkerchief, stretched on a cross
of light wood) is raised a sufficient height from the ground for the
wind to act upon it, the string need no longer be held in the hand,
the kite draws it from the reel, and the experimenter, by means of
the catch and key, has it under his complete control. When a
sufficient quantity of string has been taken out, a silk cord, two or
three yards long, is thrown over the string, and, by means of a
running noose, tightened upon it, and the other end made fast to a
post; by this means the strain is taken off the box. On ordinary
occasions, that is, when no unusual exhibitions of Electricity are
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anticipated, the balls of the discharger may be set about one-fifth of
an inch apart, and, instead of connecting the sliding wire with the
earth, it may be put in communication with the interior coating of a
Leyden phial. In a few minutes, sparks pass between the balls, and
on fine dry days, when the wind is in the north, or north-east, with
about half a mile of wired string out, we have frequently had dis-
charges at the rate of one a minute from the jar, through a striking
distance of one-fourth of an inch, for hours together. In order to
test the species of Electricity collected, the jar is discharged through
a helix of copper-wire, enclosing a needle : after five or six explosions
have passed, the needle becomes magnetized, the direction of the
poles indicating the manner in which the jar was charged. If the
helix be a right handed one, that is, one in which the convolutions
take the same direction as that in which the hands of a watch move,
then, if the jar be charged positively, that extremity of the needle
lying in the coil, which is nearest the negative or outside coating of
the jar, will become a north pole. If the helix be left-handed, the
results are exactly the reverse.

(238) It is most interesting to watch the effect of clouds passing
near the kite, their presence being invariably indicated by the in-
creased rapidity of the discharges between the balls: the distance at
which the Electricity is communicated is indeed astonishing. We
have frequently observed a very marked alteration in the discharges
from the approach of a single and small cloud before it could have
reached within half a mile of the kite, and we have often astonished
by-standers who have been amusing themselves by drawing small
sparks from the string with their knuckles, by watching the oppor-
tunity presented by the approach of one of these clouds, and then
desiring them to repeat their experiment, and the result has generally
been a shock, which has taught them to treat the apparatus with far
greater respect than before.

(239) One of the first things that the kite experimenter will pro-
bably notice, is the peculiar pungency of the spark: we are accus-
tomed to receive sparks an inch long from the prime conductor of an
electrical machine, for amusement ; it would not, however, be safe to
approach a kite-string from which sparks of such a length might be
drawn. The shock from sparks half an inch long are generally very
severe, and resembling more the shock from a highly charged small
Leyden phial, than that from the prime conductor: the length of the
spark is not, however, altogether the criterion of the intensity of the
Electricity, which depends upon the quantity of string extended, and
more still upon the state of the atmosphere.

(240) It is sometimes necessary to penetrate regions of the
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atmosphere beyond the height attainable by a single kite, before signs
of Electricity can be obtained; this may be done by letting two,
three, or more kites fly from the same string. The first kite is sent’
up as usual, and when it has reached its maximum elevation, the end
of its string is put through a slit in the middle stick of the second,
and tied to its string: the second kite is then raised, in like manner
a third may be added, and thus great heights may be reached pro-
vided the wind is blowing in the same direction at all altitudes. Mr.
Cuthbertson (Practical Electricity) relates the following experiment
where three kites were employed. “ Some years ago, in the month
of May, I let a kite fly with 500 feet of cord, which seemed to be as
great a weight as it could carry, but as no sparks could be got from
the wire in the string, and the kite would not rise higher, I fastened
a second to it, and they both continued rising, till the second had
500 feet more cord, but still it showed only faint signs of Electricity.
A third kite was then added, which took 500 feet more, and then
sparks were drawn, but very weak, only just felt in the finger.
The wind was south-west, and the sky covered with clouds. I had
observed, that in such a state of the atmosphere, little or no Elec-
tricity could be obtained, and that the Electricity was the strongest
when there were no clouds, or very few, excepting in thunder-
storms. I often repeated such experiments at that time, and always
found the Electricity from the kites to be positive, but other writers
make mention of having had both positive and negative.”

(241) Mr. Sturgeon’s kite experiments appear to have been very
extensive. ‘I have made,” says he, “ upwards of five hundred elec-
tric kite experiments, under almost every circumstance of weather, at
various times of the day and night, and in every season of the year;
I have experimented on Shooter’s Hill, and on the low lands on the
Woolwich and Welling sides of it, and the experiments in the three
different places within an hour of each other; I have done the same
on the Chatham lines, and in the valley on the Chatham side of them ;
on Norwood Hill, and in the plain at Addiscombe ; also on the top of
the Monument in London, and on the top of some of the high hills in
‘Westmoreland, and in the North Riding of Yorkshire; and in every
case I have found the atmosphere positive with regard to the ground.
I have floated three kites at the same time at very different altitudes,
and have uniformly found the highest to be positive to the other two; -
and the centre kite positive to that which was below it: consequently
the lowest was negative to the two above it, but still positive to the
ground on which I was standing. I have made more than twenty
experiments of this kind, and the results (with the exception of elec-
tric tension) were invariably the same, showing most decidedly that
the atmosphere, in its undisturbed electric state. is more abundantly
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charged than the earth, and, as far as I have been able to explore it,
still more abundantly in the upper than in the lower strata.”

(242) On the evening of the 14th of June, 1834, Mr. Sturgeon
sent up a kite during a thunder-storm at Woolwich, and the follow-
ing is the description he gives of the phenomena observed :—* The
wind had abated to such a degree before I arrived in the barrack
field, and the rain fell so heavily during the time I was there, that it
was with some difficulty that I got the kite afloat, and when up, its
greatest altitude, as I imagine, did not exceed fifty yards. The silken
cord also, which had been intended for the insulator, soon became so
completely wet that it was no insulator at all: notwithstanding all
these impediments being in the way, I was much gratified with the
display of the electric matter issuing from the end of the string to a
wire, one end of which was laid on the ground, and the other attached
to the silk at about four inches distance from the reel of the kite-
string. An uninterrupted play of the fluid was seen over the four
inches of wet silken cord, not in sparks, but in a bundle of quivering
purple ramifications, producing a noise similar to that produced by
springing a watchman’s rattle. Very large sparks, however, were
frequently seen between the lower end of the wire (which rested on
the grass) and the ground; and several parts of the string towards
the kite, where the wire was broken, were occasionally beautifully
illuminated. The noise from the string in the air was like to the
hlssmg of an immense flock of geese, with an occasional rattling or
scraping sort of noise.

“ Two non-commissioned officers of the Royal Artillery were stand-
ing by me the whole of the time. Unaware of the consequence, they
would very gladly have approached close to the string; and it was
not until I had convinced them of the danger of touching or even
coming near to it at a time when the lightning was playing about us
in every direction, that I could dissuade them from gratifying their
curiosity too far—probably at the expense of their lives. We
anxiously and steadfastly watched what was going on at the end of
the string, and the display was beautiful beyond description. The
reel was occasionally enveloped in a blaze of purple arborized elec-
trical fire, whose numberless branches ramified over the silken cord
and through the air to the blades of grass, which also became lumi-
nous on their points and edges over a surface of some yards in circum-
ference. We also saw a complete globe of fire pass over the silken
cord between the wire and the reel of the kite-string. The soldiers
thought it about the size of a musket-ball. It was exceedingly
brilliant, and the only one that we noticed.”

(243) A continuous series of atmospheric electrical observations
was conducted under the superintendence of Mr. Ronalds, at the
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Kew Observatory, for a period of five years, viz., from August, 1843,
to July, 1848, and the results have been discussed at very great
length by Mr. Birt, and published in the eighteenth Report of the
British Association, 1850. The situation of the observatory is ad-
mirably adapted for investigations of this nature. It stands in the
old deer park, at Richmond, upon a promontory, formed by a flexure
of the river Thames, its least distance from which 1s 924 feet. The
nearest trees (elms) are about 13 feet lower than the top of the con-
diictor, the height of the top of which, above the river at low water,
is about 83 feet. The conductor is a conical tube of thin copper,
raised 16 feet above the dome of the building, carrying at the top a
small lantern or collecting lamp, provided with a little cowl, which
can be raised and lowered at pleasure by means of a silk cord. The
conductor is firmly screwed into a strong brass tube, which is
cemented to a well annealed hollow glass pillar, the lower end of
which is trumpet-shaped and ground flat, and is firmly secured to a
pedestal. The glass tube is kept constantly warmed by a small oil
lamp, the closed copper chimney of which enters but does not
actually touch it. The brass tube carries, at its lower end, three or
four arms, at right angles to each other, with which the electrometers
and other electrical apparatus are connected. The conductor, at the
point where it enters the dome, is protected from the weather by an
inverted copper dish or parapluie. By this mode of arrangement the
active parts of all the electrometers, and the conductor itself, are
insulated by one common and efficient insulator. A safety conductor,
in good communication with the earth, is attached to the pedestal.
(244) The observations were taken with a Henley’s electrometer
(Fig. 72), by which the force is measured by a straw terminating in
a pith-ball, which, together, constitute a pendulum that is inserted in
a ball, working by two fine steel pivots ; and by Volta’s electrometers,
two in number. No. 1 is so constructed that a given electric force
causes a pair of straws, of known weight, to diverge. Their diverg-
ence is measured on a circular arc of the same radius as the length
of the straws, which is so graduated as to indicate half the distance
in arc between the extremities of the straws, in half Parisian lines,
each of the divisions, which are at equal distances from each other,
being equal to half a line. It is clear from this construction, that
upon measuring the distance between the straws in a right line,
“the sine of half the angle subtended by the extremities of the straws
is proportional to the electric tension of the charge.”” No. 2is so con-
structed that each division is exactly equal to five of No. 1, and the
circular arc is graduated to read at once in terms of No. 1. The
difference in the electrometer consists in the straws of No. 2 being
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heavier than those of No. 1, in such a proportion as to increase the
value of the readings in the ratio above mentioned. As in No. 1 the
sine of half the angle of divergence is proportional to the tension, so
in No. 2 precisely the same value of the tension obtains, viz., the
sine of half the angle of divergence, the linear value of the sine itself
being proportional to its value in No. 1 for the same force; thus,a
force that would diverge the straws in No. 1 to an angle of 30°,
would only open those in No. 2 to an angle of 6°, and in each instru-
ment the sine of 15° and 3° respectively would represent the sathe
force. Ome degree of Henley’s Electrometer is nearly equal to 100
divisions of Volta, No. 1; and by converting the readings of the
latter into measures of arc, Volta No. 1, Volta No. 2, and Henley’s
may all be expressed in degrees of the circle, the sines of which are
readily ascertainable. The Volta Electrometers are placed on the
table of the pedestal, with their caps in contact with the conductor,

and the Henley is screwed into a ball fixed at the extremity of one
of the horizontal arms.

Fig. 114. (245) A pair of portable Volta’s
% standard electrometers, used occasion-
| ally in experiments on induction,

absorption, &c., of atmospheric Elec-
tricity, and very useful for observations
on mountains, &ec., is shown in Fig.
¢ 114. The instruments are constructed
in strict aceordance with Volta’s in-
structions, the straws of one, B, being
rendered so much heavier than those of
the other, A, that it diverges when
both are equally electrified exactly 4th
as much. The conductor, C, is a very
light conical tube of copper, about 3

A ﬂl\‘ feet 6 inches long, which screws on the
.h cap of the Electrometer, and carries on

2 /4 [ the top a helix of small copper wire, on
E T which, when an observation is about to

[ wﬁ be made, is placed the lighted solfanello,
or sulphur candle, of Volta, composed
0 i of about 10 threads of lamp cotton
ﬁ '“’ coated and imbued with sulphur while
A j in a melted state. In all cases where

the atmospheric charge is not extremely
/ ' minute, straws are greatly preferable to
gold leaves, which can never be safely transported. The conductor,
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with its tubes, may be disjointed, and enclosed in a hollow walking
cane.

(246) Immediately un- Fig. 115.
derneath the extremity of
that arm of the conductor
upon which the Henley
Electrometer is fixed, is
placed the spark measurer
and = safety valve. This
ingenious contrivance is
shown in Fig. 115. The
length of the spark is mea-
sured by means of a long
index, R, which exhibits the
distance of two balls, S S,
from each other on a mulfi-
plying scale T T, S being
attached to arod, V, which
is raised and lowered by
means of a glass handle, W,
a forked piece, X, &e. V
slides accurately through
the base Y, and the piece A. The bolt Z is in immediate commu-
nication with the safety conductor. A Attached to the extremity of
another of the horizontal arms of the conductor is one of the wires
of a Gourgon’s Galvanometer, for measuring Electricity of high
tension. In times of violent rain it gives strong indieations, but Mr.
Ronalds places no dependence on it as a measurer of Electricity.

(247) The gold leaf electroscope and the
distinguishing electroscope used in the Kew
Observatory are shown in Figs. 116 and 117.
A, Fig. 116, is a wire, terminating below in a
pair of forceps, carrying the paper by which the
gold leaves are suspended. It passes through a
glass stopper, B, which is ground into a long
necked bottle, C, with a metallic base, D, and a
strip of brass, E E, is bent and screwed to the
inside of D. The neck, C, is well covered with
sealing-wax, by waxing both inside and out. To
preserve the insulating power of the instrument,
1t is surrounded at its base with an’annular tin -
trough coated with sealing-wax, and containing &
chloride of calcium, the whole being covered air-tight with a receiver.
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The distinguisher, Fig. 117, consists of a very thin Leyden phial, C.
Fig. 117. A is a wire connected with a brass tube, which
forms the interior coating of this jar, and B is
an exterior coating of the same kind, and these
two coatings are at about 3ths of an inch distant
from each extremity of the phial. The intervals
1 D C, B C, are coated with sealing-wax inside
and out. A, thus prepared, is fitted to a bottle
with a metallic base, and is provided with a pair
of gold leaves rather too short to reach the sides
of the bottle, the neck of which, both inside and
out, is covered with sealing-wax. This dis-
tinguisher is charged every morning negatively,
and never fails to retain a good charge for
twenty-four hours. It is conveniently placed
/J Ikl upon a bracket a few feet distant from the con-
ductor, to which, when used, it is approached by
hand to some distance proportionate to the height of the charge. If
. the charge is positive, the leaves of course collapse more or less, but
open again when withdrawn ; and if negative the divergence increases,
and the operation can be performed without the least danger of
lowering the tension of the conductor or injuring the gold leaves, let
the height of the charge be what it may.

(248) During a period of three years and seven months, viz., from
January, 1844, to July, 1848, both. inclusive, electrical readings were
taken at the Kew Observatory, at each even hour of Greenwich mean
time, as well as at sun-rise and sun-set. This long series of observa-
tions, amounting to 10,526 readings, furnished materials for deducing
the annual and diurnal periods of the electrical tension. The follow-
ing is a very brief réswmé of Mr. Radeliffe Birt’s elaborate discussion
(Rep. British Assoc. 1850) of the 10,526 readings; 10,176 were
positive, 824 were negative, and 26 were not employed in the dis-
cussion. The greatest number of positive observations (1047)
were recorded at 8 a.m., and the least number (566) at ©
A.M., but this latter number Mr. Birt considers as probably some-
what too low; the hour of minimum tension appears to be 2
A.M., a gradual rise taking place from that hour until 6 aar
Between the hours of 6 and 8 A.M. a rapid rise occurs, the tension
being nearly doubled: it then increases gradually until 10 A,
when a maximum is passed, after which it gradually declines until
4. p.M., the epoch of the diurnel wminimum, as contradistinguished
from the nocturnal minimum. The tension then rapidly increases
until 8 p.M., and at 10 P.M. passes another maximum, rather con-

A
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siderably above the maximum of 10 a.r. From 10. p.M. to mid-
night the diminution of tension is enormous (81-4 divisions of Volta,
No. 1.) The mid-night value is but slightly above the value at
2 A.M., the epoch of the minimum.

(249) Diurnal period—Summer.—Of the 10,176 positive observa-
tions, 5,514 were taken in the summer months, during which greater
uniformity prevailed than during the winter, the means approximated
more closely to each other, the general course of the numbers was
more regular, and the rise during the morning hours more gentle,
though there was still a considerable diminution of tension between
10 ».M. and midnight: 2 A is the epoch of the principal mini-
mum, the tension gradually rising until 10 a.n., the forenoon mawi-
mum ; the succeeding minimum occurs at noon, gradually rising till
6 ».3r., and then rapidly till 10 .., the principal maximwm, from
which time till midnight the decline is very considerable.

Winter.—Of the 10,176 positive observations, 4,662 were made in
the winter months, during which the range and amount of tension
were much greater than in the summer; the minimum was at 4 A.m.,
rising gently to 6 .., and rapidly to 10 a.M., the forenoon maxi-
mum, then gradually sinking till 4 ».um., the afternoon minimum, and
again rapidly rising till 8 2., the epoch of the evening, evening
mawximum, the fall from which till midnight being enormous.

In both winter and summer a dowble progression is most distinetly
exhibited. The points of maxima and minima are well marked ; and,
in most cages, present a tolerable fixity of epoch. The presence of
fog mostly occurring on those occasions when high electrical tensions
have been observed, and serene weather being mostly characterised
by low tensions, suggested the probability that the forenoon and
evening mazima result, more or less, from the presence of aqueous
vapour, either in an invisible or a condensed state.

(250) Annual period.—The discussion shows a march of the elec-
trical tension.during the 24 hours, constituting the period of a day.
This march presents two well-defined mazima, in most instances
removed from each other by an interval of twelve hours, the principal
occurring at 10 .M., and the inferior at 10 oM. Two minima have
also been ascertained, the principal at 4 A.M., and the subordinate
at 4 P.M.: speaking generally in the diurnal period, the periods cha-
racterised by high and low tensions, are those at which the sun is
above and below the horizon; but in the annual period the reverse
appears to take place, the highest tension being exhibited during that
portion of the year in which the sun is further removed from the
northern temperate zone. A general correspondence was shown as
to the months exhibiting the greatest degree of humidity and the
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greatest electrical tension. The tension at sunset was, with but few
exceptions, higher than at sun-rise.

(251) Negative Electricity—The number of readings (824) were
too few to deduce anything like a diurnal period, but the great
majority of instances in which negative Electricity was exhibited
were characterized by two very interesting features. At Kew one of
these features was the falling of rain, in most instances heavy, and
the other the occurrence of cirro-strati, and occasionally of cumulo-
strati, which clouds were considered as having contributed their
quota to the development of the Electricity observed. On one
occasion (June 10, 1844, previous to the fall of any rain, the Henley
electrometer rose to 90° »., and sparks 14§ inch in length passed
from the conductor. The charge changed to x. shortly after the rain
began, rising to 55° of Henley, and sparks #th of an inch were
obtained. These high signs lasted about a quarter of an hour, but
the charge of negative Electricity remained a considerable time after
the rain had ceased, gradually diminishing. Although the small
number of observations did not furnish data sufficient to determine a
diurnal period, they pointed out a connexion between negative read-
ings and the prevalence of clouds, when there was no rain, for though
negative Electricity is generally, it is not always, accompanied by the
falling of rain, nor is all rain accompanied by negative Electricity ;
and, upon the whole, it was considered that negative readings are
indications of considerable disturbances which are of a systematic
.character, and that, like positive Electricity, negative is also subject
to well defined laws of diurnal periodicity.

(252) The development of the electric force in the act more or
less of the condensation of vapour is considered by Mr. Birt (Phil.
Mayg., vol. xxxvi. p. 161) as a point of peculiar prominence, and he
believes that the entfire process of nubification is intimately con-
nected with this development, the different modifications of cloud
being entirely dependent on the presence or absence of a disturbed
electrical state. Not only when the condensation is effected, but
when no previous disturbed state exists, it may actually be brought
about by the condensation of vapour; indeed he appears disposed to
consider the condensation of vapour as the most productive source
of the Electricity of the atmosphere. R. Phillips (Phil. Mayg., vols.
xxxv. and xxxvi.) adopts the same view. In his experiments on the
Electricity of steam he found thata jet of steam imparts positive
Electricity to any substance that it touches, while at the same time
the steam may as a whole be more or less negative. 'When particles
of water are projected through a steam cloud they are supposed to
collect together the minute positive particles, thus becoming them-
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selves positive, leaving the gaseous matter negative. In this way
electrical developments may occur in the atmosphere, and lightning
may result from the rapid condensation of the steam cloud, the
descending rain and mist being positive, leaving the upper regions
negative. According to this theory the tendency of lightning is to
render the upper regions negative, and when the air is thus highly
charged, if a column of mist sufficiently high and dense were
interposed between the negative heavens and the positive earth, a
series of disruptive discharges would take place which Phillips sug-
gests may be the aurora.

(253) The development of Electricity by condensation alone is
shown by the following experiments. If a jet of water be passed

through a jet of steam in the same direc- Fig. 118.
tion as the steam is passing, the water S
receives a charge of negative Electricity.

If steam alone, or water alone, be intro- A -
duced into a tin pipe, no electrical effects O

are exhibited ; but if steam and water be
mixed a positive charge is indicated. 1
Great increase in the fall of rain previous
to the occurrence of lightning has been
noticed by several observers; and Mr. B
Birt’s answer to the question—¢ s the
sudden gush of rain which is almost sure
to succeed a violent detonation a cause or
a consequence of the electric discharge?’’— H 3
seems a satisfactory one. The rain in {
most cases precedes the lightning flash,
which is the vesult of the agglomeration
of many minute and feebly -electrified
globules into one rain-drop, by which the
quantity of Electricity is increased in a
greater proportion than the surface over
which it is spread : the tension is therefore
increased, and at last becomes enormous,
and the flash escapes.

(254) Fig. 118 represents the arrange-
ment of the exploring conductor at the ‘
Meteorological Royal Observatory at - L

Greenwich, under the superintendence of %
G‘ﬁ q)

Mr. Glaisher. B is a copper tube, on
which the lantern, containing a lamp, A,
which is always burning, slides. The rod
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is supported on a cone of glass, the lower part of which is hollowed
out and lined with copper, immediately under which is, in the wooden
apparatus d, placed a lamp, which is kept constantly burning for the
purpose of heating the copper, and thus keeping the glass dry. The
glass cone is protected from rain, &c., by a copper umbrella, ‘from
which proceeds the wireé F, communicating with the electrical instru-
ments in the ante-room. The whole apparatus slides up and down
the iron rods G G. The measuring instruments are the same as
those employed at Kew, with the addition of a pair of Bohnenberger’s
single-leaf pendant gold leaf electroscopes, with Zamboni’s dry electric
piles (Fig. 10, p. 30) ; but as the communicating wire F has to pass
for a considerable distance through the atmosphere in an unprotected
state, a great portion of the charge must be lost by dissipation and
radiation before it arrives at the apparatus room. There are likewise
several large trees in the immediate neighbourhood of the conductor.
‘We believe, however, that it is in contemplation to erect an exploring
conductor after the exact model of the one at Kew, on the summit
of the Astronomical Observatory, a position in every respect unex-
ceptionable.

(255) A very valuable instrument for observing the Electricity of
the atmosphere, simple in its construction and certain in its results,
of which any number may be made perfectly comparable with each
other, was invented by the late M. Peltier, and called by him the Zn-
duction Electrometer. 1t is thus constructed (Rep. Brit. Assoc.,1849):
a hollow ball of copper, four inches in diameter, is placed at the top
of a rod of the same metal, which is terminated at its lower extremity
by a much smaller ball. From the last mentioned ball, insulated
from the glass cover by a lump of shell-lac, descends a copper rod
which bifurcates and forms a kind of ring. At the centre of this
ring a small copper needle, which forms the essential part of the
instrument, moves freely balanced on a pivot. When the Electro-
meter is in its natural state the needle is brought to the magnetie
meridian by a much smaller magnetic needle, which is parallel to it,
and fixed immediately above it. Another copper needle, much
thicker than the moveable one, forms a system with the rod which
descends into a glass tube filled with shell-lac, and fixed into the
wooden stand. Thus the entire metallic part of the apparatus is
insulated, and Electricity can be communicated from it neither to
the glass cover nor the stand. This insulation must be established
with the greatest care. The stand is furnished with three levelling
screws, which enable it to be placed horizontally. To prepare the
instrument for an observation, it must be so placed that the fixed
needle shall be in the direction of the magnetic meridian. In this
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position the moveable needle, directed by its small magnetic needle,
places itself parallel to the fixed needle. If now a body electrified,
positively or negatively, be held over the ball, it decomposes by in-
duction. The Electricity of this ball and its metallic appendages. If
the body be positively electrified at the upper extremity of the ball,
the negative Electricity by the positive Electricity in presence, while
in the lower part of the instrument the free positive Electricity
causes the small needle to diverge from the position which it had at
first, and its angle of deviation from the fixed needle will be greater
as the free Electricity is more considerable. The angle of deviation
is read off by means of two graduated circles, one of which is pasted
to the'stand, and the other to the glass cover, by this, parallax is
avoided in the readings. If while the ball is influenced by external
Electricity the stem be touched, the free Electricity, which we will
assume to be positive, will be removed, and the needle will replace
itself in the magnetic meridian. If the inducing body which coerces
the negative Electricity at the upper part of the ball be removed
immediately after, the Electricity will become free, and the moveable
needle will diverge anew. i

(256) When an observation is to be made with this instrument, it
is placed on a stand raised about 6 feet, and the stem touched as low
as possible with a thin metallic wire to put it into electric equi-
librium : the hand is kept at as great a distance from the instrument
as possible to avoid inductive action. The equilibrium being esta-
blished, when the Electrometer is elevated, it gives signs of negative
Electricity when lowered, while on being raised it indicates positive.
When the operation (which may be completed in eight or ten
seconds) is thus performed, this change of sign must be taken into
consideration, in order not to attribute a:contrary Electricity to the
atmosphere. In like manner a negative tension of the atmosphere is
indicated, when the instrument on being lowered, gives a positive
sign. . The indications afforded by this Electrometer are simpler and
more readily intetpreted than atmospheric electrometers of the usnal
construction. It is affected only by the inductive action of the
atmosphere, or rather by the difference of the inductive actions
of the earth, and its superincumbent atmosphere, however the instru.
ment be raised above or depressed below its point of equilibrium, or
however the inductive action of the atmosphere may change while it
remains in the same position, it neither receives nor loses Electricity,
its distribution only is changed. But if, instead of a polished ball,
the stem be terminated with a point, a bundle of points, or a lighted
wick, as in Volta’s experiments, to the phenomenon of induction
there is added another, which complicates, and sometimes disguises

0O
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it; the uncoerced Electricity radiates into space, and though this
radiation is greater as the induction is more powerful, yet it is also
greatly influenced by the moisture of the air, rain, and the force of
the wind, none of which circumstances dffect in any obvious degree
the induction electrometer.

(257) A regular and uninterrupted series of observations was
made with this instrument by M. Quetelet at the Royal Observatory
in Brussels, from the beginning of August, 1844, till the end of De-
cember, 1848, and the results were published in the Annales de I’ Obser-
vatoire Royale de Bruaelles, towm. vii. 1849. His experiments show
that, Lst, the a,tmosphemc Electricity, considered in a general manner,
attains its maximum in January, and progressively decreases till the
month of June, which month presents a minimum of intensity : it
augments during -the following months till the end of the year.
2nd. The maximum and minimum of the year have for-their
respective values 605 and 47 ; so that the Electricity in January is
thirteen times more energetic than in the month of June. The
mean value of the year is represented by the values given by the
months of March and November. 8rd. The absolute maxima and
minima of each month follow a course precisely analogous to that of
the monthly means; the means of these extreme terms equally pro-
duce the annual variation, although in a less decided manner.
Quetelet also determined that the difference between the maximum
and minimum is much more sensible in serene than in cloudy
weather, but that in the months of June and July, when the
Electmcﬁ:y attains its minimum, the reading is very nearly the same
whatever be the state of the sky. He frequently noticed a strong
Electricity, either positive or negative, at the approach or cessation
of rain. During the whole four years incladed in his register, the
Electricity was observed to be negative only twenty-three times, and
these indications generally either preceded or followed rain and
storms.

(258) The following conclusions, deduced by M. Quetelet from
his observations made to ascertain the diurnal variations of the
Electricity of the air, are in very close accordance with those of Mr.
Birt, as deduced from the Kew observations. 1st. The Electricity
of the air, estimated always at the ‘same height, undergoes a diurnal
variation, which generally presents two maxima and two minima.
2nd. The maxima and minima vary according to the different
periods of the year. 3rd. The first maximum occurs in summer
before 8 A.M., and towards 10 A.M. in winter: the second maximum
is observed after 9 ».M. in the evening in summer, and towards 6 2.M.
in the winter. The interval of time which separates the two maxima
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is therefore more than thirteen hours at the epoch of the summer
solstice, and eight hours only at the winter solstice. 4thly. The
minimum of the daypresents itself towardsthree o’clock in the summer,
and towards one o’clock inwinter. The observations were insufficient
to establish the progress of the night maximum. 5thly. The instant,
which best represents the mean electric state of the day, in the
different seasons, oceurs about eleven in the morning.

(259) The principal source of atmospheric Electricity was formerly
supposed to be evaporation from the earth’s surface. The researches
of Faraday and others into the phenomena of the hydro-electric
machine (111 e# seq.) have, however, induced Electricians to modify
their views on this subject. M. Peltier has, indeed, endeavoured to
prove (Annales de Chimie et de Physique,t. 4, 3rd series) that vapour
produced at a temperature below 230° Fahr. mever carries off
free Electricity, and that as this temperature is not that of the
surface of the globe, the electric vapours that rise cannot proceed

rom the simple evaporation of saline or pure waters. 'Whence then
does the Electnmty of clouds and fogs proceed? According to
Peltier’s views, the terrestrial globe is a body ¢harged with resinous
Electricity, and the vapour which rises from it being resinous like
itself, its tension reacts downwards against that of the globe, and
successively reduces all its effects. But as vapour is to a certain
extent conducteous, it does not long retain the equal distribution of
its resinous temsion. The incessant action of the globe repels the
resinous Electricity towards the upper strata, and thus renders the
lower strata vitreous. The denser the vapour,‘the more easily this
is done. Accordingly it is found that towards evening, when con-
~ densation is taking place, the electrometer gives higher indications
than in the middle of the day. Every body situated on the surface
of the earth shares in its resinous tension. The more it projects into
space, the more does this tension increase. ' Thus, mountains, edifices,
and even organized beings, have greater degrees of resinous tension
than the soil on which they rest. The electrometer exhibits a greater
divergence under condensed vapours compacted into clouds, because
the influence of the earth renders these clouds more resinous in the
upper part than in the lower. Aslong as an insulated body remains
in a state of equilibrium of reaction, it can give no manifestation of
induced Electricity. ~ The leaves of an induction electrometer remain
at rest as long as the instrument is stationary, but when it is elevated
or depressed, they acquire either a less resinous (vitreous) or a more
resinous tension, because the reaction of the globe no longer operating
in the same proportions over the instrument, the resinous Electricity
becomes differently distributed ; it increases towards the upper part

o 92
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when the electrometer is elevated, and becomes dominant in the
lower portion when it is depressed, hence the leaves diverge in the
former case with vifreous, and in the latter with resinous Electricity.
Peltier applied his theory to the explanation of the various forms of
clouds and fogs, and various other meteorological phenomena. We
must refer our readers to his various memoirs. Annales de Chimie et
de Physique, t. iv. 8rd series; Bulletins de UAcadémie Royale de
Bruyaelles, 1842-3 ; Traité des Trombes ; Comptes Rendus jfrom 1838
to 1842.

(260) The analogy between the electric spark and lightning was
noticed at an early period of electrical science. In 1708 Dr. Wall
mentioned a resemblance between Electricity and thunder and light-
ning. In 1735 Mr. Grey conjectured their identity, and that they
differed in degree only ; and in 1748 the Abbé Nollet reproduced the
conjecture of Grey, attended with more substantial reasons; but it
was reserved for the great American philosopher, Franklin, to demon-
strate the identity by the bold experiment of bringing down lightning
from the heavens by means of a kite, and of performing with it
experiments similar to those usually made with ordinary Electricity.
The circumstances connected with this brilliant discovery have been
fully detailed in our introductory chapter (16).

(261) Lightning and thunder, then, are atmospheric electrical
phenomena, and the terrific thunder-storm must be regarded as
indicating the process by which nature disposes from time to time of
an excess of that Electricity which is required and generated for the
purpose of carrying on the process of vegetation, and probably also
of animal life. A thunder-storm is the result of an electrical dis-
turbance arising from the accumulation of active Electricity in
masses of vapour (clouds), condensed in the atmosphere. Agreeably
with the laws of induction, a mass of electrified vapour determines an
opposite electrical state over that portion of the earth’s surface
directly opposed to it; the particles of intervening air assume a
peculiar forced electrical state, which has been termed polarized, and
when the tension has been raised to a certain point, and the particles
can no longer resist the tendency of the opposite electrical forces to
combine, they are displaced and broken through with a greater or
less degree of mechanical violence. Thus, in Fig. 119, let P
represent a mass of clouds charged with positive Electricity,
and V the opposed portion of the earth’s surface rendered induc-
teously negative ; 4, b, ¢, d may be taken to represent four particles
of intermediate air, the electrical forces in which are, under the
influence of the cloud, no longer distributed in a state of inactivity
over their surface, as shown in e, where the black squares may be
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taken to represent the positive force, and the unshaded squares the
negative force, but are arranged in what may be termed a polar

Fig. 119,

manner, with their opposite electrical forces concentrated on each of
their opposite faces, and the lightning flash is an indication of the
return of the particles to their normal condition by disruptive dis-
charge (124) between them. The clouds and the earth, or two
oppositely electrified clouds, correspond to the coatings, and the
intervening air to the glass, of the Leyden phial, and the thunder-
storm is the charging and discharging of this huge system.

(262) The appearance of the heavens previous to and during a
thunder-storm was first diligently studied by Beccaria.* He noticed
that a dense cloud was first formed, increasing rapidly in magnitude,
and ascending into the higher regions of the atmosphere. The
lower end is black, and nearly horizontal; but the upper is finely
arched, and well defined. Many of these clouds often seem piled one
upon the other, all arched in the same manner; but they keep con-
stantly uniting, swelling, and extending their arches. When such
clouds rise, the firmament is usually sprinkled over with a great
number of separate clouds of odd and bizarre forms, which keep
quite motionless. 'When the thunder-cloud ascends, these are drawn

* Lettre dell’ Elettricismo, Bologna, 1758.
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towards it, and as they approach they become more uniform and
regular in their shapes, till coming close to the thunder-cloud their
limbs stretch mutually towards each other, finally coalesce, and form
one uniform mass. But sometimes the thunder-cloud will swell and
increase without the addition of these smaller adscititious clouds.
Some of the latter appear like white fringes at the skirts of the
thunder-cloud, or under the body of it; bub they continually grow
darker and darker as they approach it.

(263) When the thunder-cloud, thus augmented, has attained a
great magnitude, its lower surface is often ragged, particular parts
being detached towards the earth, but still connected with the rest.
Sometimes the lower surface swells into large protuberances, tending
uniformly towards the earth; but sometimes one whole side of the
cloud will have an inclination to the earth, which the extremity of it
will nearly touch. 'When the observer is under the thunder-cloud
after it is grown la,rge and is well formed, it is seen to sink lower and
to darken prodigiously, and at the same time a great number of small
clouds are observed in rapid motion driven about in irregular direc-
tions below it. While these clouds are agitated with the most rapid
motions, the rain generally falls in abundance; and if the agitation
be very great, it hails.

‘While the thunder-cloud is swelling and extending itself over a
large tract of country, the lightning is seen to dart from one part of
it to another, and often to illuminate its whole mass. When the
cloud has acquired a sufficient extent, the lightning strikes between
the cloud and the earth in two opposite places, the path of the light-
ning lying through the whole body of the cloud and its branches.
The longer this lightning continues, the rarer does the cloud grow,
and the less dark in its appearance, till it breaks in different places,
and shows a clear sky. When the thunder-cloud is thus dispersed,
those parts which occupy the upper regions of the atmosphere are
spread thinly and equally, and those that are beneath are black and
thin also, but they vanish gradually, without being driven away by
the wind.

(264) The following is the account given by Dr. Thomson:—¢ A
low dense cloud begins to form in a part of the atmosphere that was
previously clear. This cloud increases fast, but only from its upper
part, and spreads into an arched form, appearing like a large heap of
cotton wool. TIts under surface is level, as if it rested on a smooth
plane. The wind is hushed, and everything appears preternaturally
calm and still.

“ Numberless small ragged clouds, like teaseled flakes of cotton,
soon begin to make their appearance, moving about in various direc-
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tions, and perpetually changing their irregular surface, appearing to
increase by gradual accumulation. As they move about, they approach
each other, and appear to stretch out their ragged arms towards each
other. They do not often come into contact, but after approaching
very mnear each other, they evidently recede, either in wholes or by
bending away their ragged arms.

“During this confused motion, the whole mass of small clouds
approaches the great one above it ; and when near it, the clouds of the
lower mass frequently coalesce with each other before they coalesce
with the upper cloud; but as frequently the upper cloud coalesces
without them. Its lower surface, from being level and smooth, now
becomes ragged, and its tatters stretch down towards the others, and
long arms are extended toward the ground. The heavens now darken
apace, and the whole mass sinks down. Wind rises and frequently
shifts in squalls. Small clouds move swiftly in various directions.
Lightning darts from cloud to cloud. A spark is sometimes seen
co-existent through a vast horizontal extent of a zig-zag shape, and
of different brilliancy in different parts. Lightning strikes between
the clouds and the earth, frequently in two places at once,—a heavy
rain falls,—the cloud is dissipated, or it rises high and becomes light
and thin. These electrical discharges obviously dissipate the Electri-
city :—the cloud condenses into water, and occasions the sudden and
heavy rain which always terminates a thunder-storm. The previous
motions of the elouds, which act like electrometers, indicate the
electrical state of different parts of the atmosphere.”

(265) A. great difference will be observed in the appearance of the
flashes of lightning during a thunder-storm. The scene is sometimes
rendered awfully magnificent by their brilliancy, frequency, and
extent ; darting sometimes, on broad and well-defined lines, from
cloud to cloud, and sometimes shooting towards the earth ; they then
become zig-zag and irregular, or appear as a large and rapidly-moving
ball of fire—an appearance usually designated by theignorant a thun-
der-bolt, and erroneously supposed to be attended by the fall of a
solid body. The report of the thunder is also modified aceording to
the nature of the country, the extent of the air through which it
passes, and the position of the observer. Sometimes it sounds like
the sudden emptying of a large eart-load of stones ; sometimes like
the firing of a volley of musketry: in these cases it usually follows
the lightning immediately, and is near at hand: when more distant
it rumbles and reverberates, at first with a loud report, gradually
dying away and returning at intervals, or roaring like the discharge
of heavy artillery. In accounting for these phenomena, it must be

remembered that the passage of Electricity is almost infinitely rapid.
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A discharge through a circuit of many miles has been experimentally
proved to be instantaneous: the motion of light is similarly rapid;
and hence the flash appears momentary, however great the distance
through which it passes: but sound is infinitely slower in its progress,
travelling, in air, with a velocity of only 1130 feet in a second, or
about twelve miles in a minute. Now, supposing the lightning to
pass through a space of some miles, the explosion will be first heard
from the point of the air agitated nearest the spectator; it will
gradually come from the more distant parts of the course of the
Electricity ; and, last of all, will be heard from the remote extremity:
and the different degrees of the agitation of the air, and likewise the
difference of the distance, will account for the different intensities
of the sound and the apparent reverberation and charges.

(266) Thunder only takes place when the different strata of air
are in different electrical states : the clouds interposed between these
strata are also electrical, and owe (according to Dr. Thomson) their
vesicular nature to that Electricity. They are also conductors. The
discharges usually take place between two strata of air; more rarely
between the air and the earth ; and sometimes without noise, in which
case the flashes are very bright : but they are single, passing visibly
from one cloud to another, and confined, usually, to a single quarter
of the heavens. When the discharge is accompanied by thunder, a
number of simultaneous and different-coloured flashes may generally
be observed stretching to an extent of several miles. These seem to
be occasioned by a number of successive discharges from one cloud
to another, the intermediate clouds serving as intermediate conductors,
or stepping-stones as it were, for the electric fluid. It is these dis-
charges which occasion the rattling noise. Though they are all made
at the same time, yet, as their distances are different, they only reach
the ear in succession, and thus occasion the lengthened rumbling
noise—so different from the snap which accompanies the discharge
of a Leyden jar.

(267) The snap attending the spark from the prime conductor of
an electrical machine and the awful thunder-crash are undoubtedly
similar phenomena, and produced by the same action. The cause is
the vibration of the air agitated by the passage of the electric dis-
charges with a greater or less degree of intensity : and two explana-
tions may be given of the manner in which the vibration is produced.
On the one hand, it may be imagined that the electric fluid opens for
itself a passage through air, or other matter, in the manner of a
projectile, and that the sound is caused by the rush of the air into
the vacuum produced by the instantaneous passage of the fluid: or,
on the other hand, the vibration may be referred to a decomposition
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and recomposition of Electricity in all the media in which it appears.
On this hypothesis, the continued roll is the effect of the compara-
tively slow propagation of sound through the air, and it may be thus
illustrated.* Suppose a flash of lightning 11,300 feet in length, or
that the spark is instantaneously seen from one end to the other of
this line. At the same instant that the flash is visible the vibration
is communicated to the atmosphere through the whole extent of the
line. Now suppose an observer placed in the direction of the line
of the flash, and at the distance of 1,130 feet from one end: then,
since sound travels at the rate of 1,130 feet in a second, one second
will elapse after the flash has been seen before any sound will be
heard. ‘When the sound begins, the vibration communicated to the
nearest stratum of air has reached his ear; and since the line of
disturbance has been supposed to be 11,300 feet in length, the
vibrations of the more distant strata will continue to reach his ear in
succession, during the space of fen seconds. Hence, the length of
the flash determines the duration of the sound: and it follows that
the same flash will give rise to a sound of greater or less duration,
according to the position of the observer with respect to its direction.
Thus, in the above instance, suppose a second observer to be placed
under the line, and towards its middle, he would only hear the sound .
during half the time it was heard by the first observer; and if we
suppose the line to be circular, and the observer to be placed near its
centre, the sound would arrive from every point at the same instant
in a violent crash.

(268) Although the vibratory motion is communicated to all the
strata of air along the whole length of the flash, they will not all
receive the same impulsion unless they are all at the same tempera-
ture, and in the same hygrometric state, which can rarely happen.
Hence, although proceeding from the nearest point, the first im-
pression of the sound is not always the most intense.

The latter of these two ways of accounting for the vibration, seems
to accord best with facts; for, in the first place, it has been objected
that if the noise were occasioned by the electric fluid forcing for itself
a passage through the air, a similar sound ought to be produced by a
cannon-ball: and a still stronger objection is, that experiments seem
to indicate that the electric fluid is not transferred from point to
point like a projectile of ponderable matter, but by the vibration of
an elastic medium, as sound is conveyed through the atmosphere.

The equilibrium of the clouds is sometimes restored by a single
flash of lightning: at other times the accumulation is so immense,

* See Brand’s Dictionary of Science, Literature, and Art. Article, Thunder.
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and the neighbouring strata of air so strongly charged, that the
flashes continue for hours before they terminate in a storm of rain.

(269) A person may be killed by lightning, although the explosion
takes place twenty miles off, by what is called the back stroke. Sup-
pose that the two extremities of a cloud highly charged hang down
to the earth, they will repel the Electricity from the earth’s surface
if it be of the same kind as their own, and will attract the other
kind: if a discharge should suddenly take place at one end of the
cloud, the equilibrium will instantly be restored by a flash at that
point of the earth which is under the other. Though this back stroke
is often sufficiently powerful to destroy life, it is never so terrible in
its effects as the direct shock.

‘When a building is struck by lightning, the charge is generally
determined towards the chimney, owing to its height, and to the con-
ducting power of the carbon deposited in it; for it has been demon-
strated experimentally, that the electric fluid will pass with facility to
a considerable distance over a surface of carbon.

(270) This is illustrated in the following account of the effects of a
terrific flash which struck the house of Mr. Thomas Smith,at Brabourn,
in Kent (Elect. Mag. July,1846). “ Mr. Smith was roused by hearing
a tremendous crash in the adjacent room, in which five of his children
were sleeping. On reaching the room he found the chimney levelled
Jrom the top to the floor, the bricks and rubbish nearly covering it,
and some portion of the bed. The children were fortunately unhurt
with the exception of one, the eldest, a boy about thirteen years of
age, who received a severe contusion from one of the falling bricks on
the left eye. Their escape was almost miraculous, as one of the bed-
posts was shivered into splinters, and the pillows were actually
driven from under the heads of the children, one entirely through
the door, the panels of which were forced out and the other left
hanging in the aperture, the bed-clothes were afterwards found to
be ignited in two places, each about the size of half a crown, but by
timely attention further calamity was prevented. On afterwards
examining the premises it was found that the electric fluid had passed
down the stairs, through the back wash-house to the hog-sty, wherein
were two fine animals weighing each about seven score ; one was struck
dead, and the other escaped unhurt. The house was so much damaged
that it was thought necessary to take it down.”

(271) Again, in the following account contained in a letter to Mr.
Weekes from Mr. Layton of Sandwich (Elect. Mag. vol. ii. p. 123). “I
was watching the lightning at four o’clock in the morning (July 3,
1846), as I lay in bed, when my eye was attracted by a momentary
blaze between the fire-place and the window, just beyond mybed curtain,
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attended by a very loud, sharp, stunning noise ; it seemed like the
discharge of a cannon, a volley of mortar fragments flew all over the
room. Afterwards, a second perhaps, came the thunder. The blaze
was elliptic, about four feet horizontally, as perfectly distinct as the
blaze of a gas light; its outline however was not defined like that
which is compressed by the atmosphere, while here, the pressure being
sudden and from within, the border was diluted and rugged. The
stench was abominable, it seemed as if driven into the substance of
every thing in the room. Nothing was burnt. On examination the
electric hody appeared to have entered the chimney through the side of
the pot, in which it made a hole large enough to admit two fingers, and
which it forced about eight inches from its place; it then descended
some twenty or five and twenty feet, when it came through a crack
in the front of the chimney, and burst the paper, forcmg out the canvas
without tearing it, as if the blunt end of a stick had been pushed
against it ; thence it passed downwards between the bricks and the
canvas till it met obstruction in the wooden mantel-shelf fastened to
the bricks, when it broke into the room'burstingboth canvas and paper,
and forcing the wood-work about an inch forward ; the flash in this
case probably divided, the principal current descending the funnel in
a direct; line to the earth, while another portion passed off laterally
through the wall from whence it burst into the bed chamber.”

(272) The directions to be given as to the best positions of safety
during a thunder-storm are few and simple. If out of doors, trees
should be avoided ; and if from the rapidity with which the explosion
follows the flash it should be evident that the electric clouds are near
at hand, a recumbent posture on the ground is the most secure. It
is seldom dangerous to take shelter under sheds, carts, or low build-
ings, or under the arch of a bridge: the distance of twenty or thirty
feet from tall trees or houses is rather an eligible ‘situation, for,
should a discharge take place, these elevated bodies are most likely
to receive it, and less prominent bodies in the neighbourhood are
more likely to escape. It is right also to avoid water, for it is a good
conductor; and the height of a human being near the stream is not
unlikely to determine the direction of a discharge. Within doors we
are tolerably safe in the middle of a carpeted room, or when standing
on a double hearth rug. The chimney, for reasons above stated,
should be avoided: upon the same principle, gilt mouldings, bell-
wires, &c., are in danger of being struck. In bed we are tolerably
safe—blankets and feathers being bad conductors, and we are, con-
sequently, to a certain extent, insulated. It is injudicious to take
refuge in a cellar, because the discharge is often from the earth to a
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cloud, and buildings frequently sustain the greatest injury in the
basement story. g

(273) Arago* dividesthe phenomena of lightning into three classes.
In the first he places those luminous discharges characterized by a
long streak of light, very thin, and well defined at the edges; they
are not always white, but are sometimes of a violet or purple hue;
they do not move in a straight line, but have a deviating track of a
zigzag form. They frequently divide in striking terrestrial objects,
into two or more distinct streams, but invariably proceed from a single
point. Under the second, class Arago has placed those luminous
effects not.having any apparent depth, but expanding over a vast
surface ; they are frequently coloured red, blue, and violet; they
have not the activity of the former class, and are generally confined
to the edges of the cloud from which they appear to proceed. The
third class comprises those more concentrated masses of light
which he has termed globular lightning. The long zigzag and
expanded flashes exist but for a moment, but these seem to endure.
for many seconds ; they appear to occupy time, and to bave a progres-
give motion.

“Tt is more than probable,” observed Sir W. Harris (Essay on the
Nature of Thunder-storms, p. 85), “ that many of these phenomena are
at last reducible to the common progress of the disruptive discharge,
modified by the quantity of passing Electricity, the density and
condition of the air, and the brilliancy of the attendant light. When
the state of the atmosphere is such that a moderately intense discharge
can proceed in an occasionally deviating zigzag line, the great nucleus
or head of the discharge becomes drawn out as it were into a line of
light visible through the whole track; and if the discharge divides on
approaching a terrestrial object, -we have what sailors call forked
lightning ; if it does not divide, but exhibits a long rippling line, with
but little deviation, they call it chain lightning. "What sailors term
sheet lightning is the light of a vivid discharge reflected from the
surfaces of distant clouds, the spark itself being concealed by a dense
intermediate mass of cloud, behind which the discharge has taken
place. In this way an extensive range of cloud may appear in a blaze
of light, producing a truly sublime effect. The appearance termed
globular lightning may be the result of similar discharges; it is no
doubt always attended by a diffusely luminous track; this may,
however, be completely eclipsed in the mind of the observer by the
great concentration and density of the discharge, in the points
immediately through which it continues to force its way, and where

* Annuaire du Bureau des Longitudes, pour 1838.
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the condensation of the air immediately before it is often extremely
great. It is this intensely illuminated point which gives the notion
of globular discharge: and it is clear, from the circumference of air
which may become illuminated, the apparent diameter will often be
great. Mr. Hearder, of Plymouth, once witnessed a discharge of
lightning of this kind on the Dartmoor Hills, very near him. Several
vivid flashes had occurred before the mass of clouds approached the
hill on which he was standing; before he had time to retreat from
his dangerous position, a tremendous crash and explosion burst close
to him, To use his own words, ¢ the spark had the appearance of a
nucleus of intensely ignited matter, followed by a flood of light; it
struck the path near me, and dashed with fearful brillianey down its
whole length, to a rivulet at the foot of the hill, where it termi-
nated.’ ”’

(274) That the appearances termed jfire-balls must be regarded as
peculiar forms of disruptive discharge is evident from the following
cases furnished by Mr. Chambers, as occurring on board the “ Mon-
tague;’ and by Captain Stewart, commander of the Hon. East
India Company’s ship “ Lady Melville.” In Mr.Chambers’ account
(Phil. Trans. vol. xlvi. p. 336) it is stated that whilst engaged in
taking an observation on the quarter-deck, one of the quartermasters
requested him to look to windward ; upon which he observed a large
ball of blue fire rolling along on the surface of the water, as big as a
mill-stone, at about three miles distant. Before they could raise the
main tack, the ball had reached within forty yards of the main-chains,
when it rose perpendicularly with a fearful explosion, and shattered
the maintop-mast in pieces.

The account from the journal of the “Tady Melville” (Zlect.
DMag. vol. i. p. 283) is as follows :—

“As four, .M., a great deal of wind; lightning and heavy black
clouds passing over head; at half-past six a ball of fire struck the
mainmast, passed through the upper deck, making a hole about
eighteen inches in diameter and four feet from the mast, when it
exploded on the gun-deck with a tremendous noise, and forcing the
deck upwards abaft the mainmast. About a quarter past seven
another ball of fire struck the mainmast, and ascending upwards and
passing through the centre of the mast, it exploded with a loud
crackling noise like a roll of musketry, with vivid sparks, breaking
several of the large iron hoops wkich surround the mast, and scattering
the fittings in all directions. A sailor, on approaching the hole on
the deck, was scorched so severely from below wpwards, that he died

twelve days after in extreme agony. The compass was not affected,
nor was there any smell.”
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In June, 1826, two young ladies were struck dead by lightning
on the Malvern Hills, and it was stated (Lloyd’s Evening Post) that
the electric discharge appeared as “a mass of fire rolling along the
hill towards the building in which the party had taken shelter.”

Harris thinks that in many cases, in which distinet balls of fire of
sensible duration have been perceived, the appearance has resulted
from the species of brush or glow discharge (127—135) which
may often precede the main shock. ‘In short, it is not difficult
to conceive, that before a discharge of the whole system takes place,
that is to say, before the constrained condition of the dielectric
particles of air intermediate between the clouds and the earth
becomes as it were overturned, the particles nearest one of the
terminating planes or other bodies situate on them may begin to
discharge upon the succeeding particles, and make an effort to restore
the natural condition of the system by a gradual process.

If therefore we conceive the discharging particles to have a pro-
gressive motion from any cause, then we shall immediately obtain
such a result as that observed by Mr. Chalmers, on board the
¢ Montague,” in which a large ball of blue fire was observed rolling
on the surface of the water towards the ship from fo-windword. This
was evidently a sort of glow discharge, or St. Helmo’s fire, produced
by some of the polarized atmospheric particles yielding unp their
Electricity to the surface of the water. The clouds were in rapid
motion: the discharging particles had motion towards the ship, the
rate of which appears from the account, to correspond with the
velocity of the breeze. On mnearing the ship, the point of discharge
became transferred to the head of the mast: and the striking distance
being thus diminished, the whole system returned to its normal state,
that is to say, a disruptive discharge ensued between the sea and the
clouds, producing the usual phenomena of thunder and lightning,
termed by the observers, the “rising of the ball through the mast of
the ship.” The fatal occurrence on the Malvern Hills, is another
instance of the same kind. 1t is therefore highly probable that these
appearances so decidedly marked as concentrated balls of fire, are
produced by the glow or brush discharge, producing a St. Helmo’s
fire in a given point or points of a charged system previously to the
more general and rapid union of the electrical forces: whilst the
greater number of discharges described as globular lightning, are, as
already observed, most probably nothing more than a vivid and dense
electrical spark in the act of breaking through the air, which, coming
suddenly on the eye, and again vanishing in an extremely small
portion of time, has been designated a ball of light.*

* Nature of Thuunder-storms, p. 39.
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(275) Some very remarkable appearances of lightning, during a
terrific storm which oceurred in the neighbourhod of Manchester,
on the 16th of July, 1850, were observed by Joule (Phil. May.,
vol. xxxvii.), and Clare (¢bid. p. 336). Bach discharge appeared
to emanate from a mass of clouds in the S. W, and travelled six or
ten miles in the direction of the spectator, dividing into half a dozen
or more sparks or zig-zag streams of light, and not striking the
ground, the elevation being apparently about three and half miles.
A remarkable feature noticed by both observers was the sensible
time of its travelling. The main streams were formed before the
diverging sparks, and when formed, remained steady for an appre-
ciable time. The flashes from cloud to cloud presented ‘a great
variety of forms and ramifications; sometimes appearing like the
branched roots of trees, and occasionally with bright balls at the
termination of all or some of the branches.

(276) The most appalling description of the phenomena attending
some thunder-storms that we have met with, is in a communication
from Mr. 8. Strickland to the Electrical Magazine (vol. ii. p. 125).
‘We quote certain parts of this description as illustrating the identity
of fire-balls with electric discharges. “I was soon startled by
seeing a fire-ball pass before me, within a few yards of my gun, and
strike a small tree; others passed me; some having streams or
tails several yards in length, and all about eight or nine feet from
the ground: they all ended by striking one or other of the trees,
within two hundred yards of me: some passed over my head, others
stopped short and struck the trees in the wood; they all uttered a
a cauldron-like roar as they passed, and gave out a crackling din as
they terminated their career. Dreading the close vicinity of these
fire-balls, I lay at full-length on the ground watching and eounting
them as they flew: I observed that each spark spread to the size
of the double fist, and emitted a dazzling light of a brilliant silvery
whiteness. This scene lasted for more than a quarter of an hour,
when the approach of a heavy fall of rain induced me to crawl to
my gun, in order that I might protect it from the wet. I instantly
felt what resembled the fall of a heavy wool-sack on my head : the
feeling passed down my chest, producing involuntarily a deep sob,
and then down my stomach, producing a sensation of deadly sickness,
and a horrid smell of sulphur on my clothes. A violent shower fell,
accompanied by large transparent pieces of ice, about an inch and a half
long, and three-quarters of an inch wide, broken at the end. Never
less than two, and frequently as many as five fire-balls were in view at
the same time: their flight was not so rapid as to be called instan-

4
» »



208 STATICAL OR FRICTIONAL ELECTRICITY.

taneous, for I could at times watch one through its course before
another appeared ; they all ended with two or more crackling reports,
crossing each other in all directions, striking the trees at all heights,
and also striking the ground.” Mr. Strickland suggests that these
remarkable phenomena may have been occasioned by the resistance
offered to the electric fluid by the unusually dry state of the earth,
there having been scarcely a shower of rain since the preceding
January ; the electric fluid “ laying piled, as it were, on the ground
in masses or heaps, and finally making its escape by the roots of
trees, or by projecting masses of solid rock.” This peculiar form of
discharge seems to be well explained by referring it to the con-
tinuous-charge and discharge of dry air, the particles of which, as they
are charged to a sufficient degree of tension, move onwards, making
room for others. This form of discharge is unaccompanied by
thunder; but that it is not less destructive in its effects than the
more common lightning flash, appears from the following case
reported by M. Regnier, in a letter to M. Merimee. (Report of the
French Academy, August, 1846.) “ A girl, eighteen or twenty
years of age, was reaping with her father and mother in hot, dry
weather, at 8 p.u. the father saw a cloud approaching, and expecting
a storm to be at hand, he sent his daughter homeward, he and his’
wife intending to overtake her. The girl set out in a direction
toward the cloud; and the father, in a few moments, turned to see
what had become of her, and was surprised to see her a few paces
Jfrom him lying on her face. On approaching, he found her
motionless and lifeless. Three hours after the event M. Regnier
accompanied the juge de paiz to the field where the girl still lay in
the position, as they told him, in which she had been found. Her
arms were not forward, as occurs in ordinary falls, where time is
given for this instinctive action; her dress was not raised, but her
bonnet was three or four paces from her. On examining the body,
there were marks as if of a burn on the right groin, and under the
right arm, and there were a few drops of blood in the right ear,
otherwise there were no external hurts; but the body was not
opened. The conclusion arrived at was, that death was occasioned
by lightning, notwithstanding the declaration of the father of the
girl who affirmed that ke did not hear the slightest noise. M. Regnier
thinks that the electricity rose from the earth, because the bonnet
was driven off and not on, and the marks on it resembled those
which a stick with a rounded end might give when acting from below

upward.
(277) A curious case is related by Professor Thomson, of Glasgow
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(Phil. Mag. vol. xxxvii. p. 54), where two bell-wires hanging parallel
to each other were a¢tracted, probably by an electro-magnetic action,
at the moment of the discharge of a flash of lightning down them,
and compressed together with such force that it was difficult to
separate them, being partially fused. The paper on the wall in the
neighbourhood of the wires was stained with oxide of copper dispersed
by the shock from the wires.

(278) Many of the extraordinary effects of lightning on buildings
may, according to Peltier (Comptes Rendus, December 16, 1844),
be understood by referring to the very unequal conducting pro-
perties of the materials which enter into their construction. He
insists on the complete opposition existing between the phenomena
of static and those of dynamic Electricity. ‘When a conductor is
sufficient to give a free passage to an electric discharge, we obtain
nothing beyond dynamic effects, which are rendered evident by an
elevation of temperature, by a vaporization of liquid, &ec.; but there
is no indication of the attractions and repulsions that are peculiar
to static Electricity. When the conductor iz insufficient, the two
orders of phenomena exist simultaneously ; the dynamic phenomena
are produced by the portion which passes through the conductor,
the static by the portion arrested by its insufficiency. Now when
lightning strikes a building, there are, on account of the excessively
unequal conducting properties of the materials over which it passes,
powerful actions of sfatic Electricity. Wherever the Electricity is
arrested it accumulates; and here, between the portions of the
floors and the walls, for instance, powerful effects of attraction
are produced, tearing up the floors and the skirting boards and
destroying such furniture as may be near the moist soil and the
conductor.

(279) Lightning Conductors.—To Franklin, whose active mind was
constantly directed to practical applications of the facts disclosed by
science, we are indebted for the suggestion of a method of defending
buildings from the dreaded effects of lightning. His method was
to erect by the side of the building to be protected a continuous
metallic rod in perfect communication with the earth, and experience
has fully demonstrated the value of this precaution.

In the choice of a conductor, preference should be glven to
copper, and it is well to divide the extremity into three or four
points: it should penetrate the ground sufficiently deep to be in
close contact with a stratum of moist soil, or, if possible, with a
spring of water, and it should be carried above the highest point of
the building. Gtreat care should be taken that every part of the rod
be perfectly continuous, and that its substance be sufficient to prevent

P
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any chance of its being melted: perfect security on this head is
arrived at by employing a copper rod of one inch in diameter. The
conductor should be applied as closely as possible to the walls of the
building, and all contiguous masses of metal, such as gutters, water-
pipes, &c., should be metallically connected with it. “The practice
of insulating the conductor,”” observes Sir William Harris (Nature
of Thunder-storms, p. 128), “ by means of pitch, glass, or some bad
conducting substance, or otherwise to apply it at a short distance
from the walls so as to interpose a stratum of air between it and the
building, is not only useless, but disadvantageous, and implies a
distrust of the principles upon which the conductor is founded.”
Numerous carefully conducted experiments have proved that an
electrical discharge never leaves an easy line of transit in order to
pass upon matters out of that line; but if it should, it can scarcely be
imagined that a lightning flash that can break through several
hundred yards, and shiver into fragments the most compact bodies,
would be arrested in its course by a few inches of any solid insulating
substance, or by a few feet of air. Equally inconsistent with the
principles of electrical science is the practice not unfrequently
adopted of placing balls of glass on the projecting points of build-
ings, under the impression that glass being a non-conductor of
Electricity, it would divert the lightning from the building. Christ
Church, at Doncaster, was thus “ protected ” till it was struck by a
flash of lightning, and nearly demolished. On the other hand, a well
arranged lightning-conductor does not snwvite the lightning-any more
than a rain-pipe attracts the rain which falls on a building during a
shower. Its action is purely passive: it offers to the disruptive
discharge a line of small resistance, whereby those irresistible
mechanical effects which attend the passage of the discharge through
resisting matter are prevented. A conductor erected with the pre-
cautions above deseribed was considered by the French philosophers
(Aunales de Chimie et de Physique, vol. xxvi.) adequate to protect a
circular space of a radius double its height above the highest point
of the building to which it is attached. A case is, however, related by
Loomis (dmerican Journal of Seience, 1850, p. 820), in which a con-
ductor constructed according to this rule failed to protect entirely the
building; and he thinks it unsafe to rely upon a rod to protect a
circle whose radius is more than once and a half the height of the
rod. :

A building with a metallic roof is protected in a very simple man-
ner. The roof should be connected by straps of copper, with the
metallic gutters which carry off the rain-water, and rods, projecting
fifteen or twenty inches from the tops of the chimneys, should like-



LIGHTNING CONDUCTORS. 211

wise be soldered to the roof. The lightrning being transmitted prin-
cipally along the surface of a conductor, an ordinary sized metallic
gutter will conduct silently the most violent discharge that may fall
from the clouds.

(280) The great importance of attending to the conducting condi-
tion of the ground in which the end of the conductor is fixed, and of
securing an efficient discharging train, is exemplified in the following
account of mischief done by a flash of lightning to a house furnished
with a lightning conductor, communicated by M. de Carville to the
French Academy of Sciences, January 19th, 1846 (Elect. Mag., vol.
ii. p. 314). "

¢ On the morning of Dec. 20, 1845, during a heavy hail shower, a
fire-ball was seen to bifurcate in the vertical of the lightning conduc-
tor, placed at the eentre of the chateau of Boisyvon near Vire, 9-1
metres in length above the top of the roof. The electrie fluid imme-
diately produced great havoc on both sides of the chateau, at 9
metres distant from the conductor. In the points where the Electri-
city reached the earth, several persons perceived as it were a large
tube of fire rolling on the ground. The conductor of the lightning
rod descends into the ground by a drain, 0:11 metres square at the
surface of the said ground, and 0-20 metres at the moment where it
enlarges, and forms a walled reservoir of about a metre in diameter.
The whole was filled with carbon. A walled reservoir speaks volumes.”

(281) When large ranges of straggling buildings are to be pro-
tected, two or more conductors should be applied, and the whole
connected together by bands of metal, and Sir W. Harris recom-
mends that the conductors should be constructed of copper pipe
from one to two inches in diameter, and about one fifth of an inch thick.
It may be prepared in lengths of about 10 feet, and be united toge-
ther at the line of fixing, by screwing the lengths together upon
short intermediate pieces.

The above is by no means a solitary instance of a building being struck
and damaged by lightning; though armed with a pointed conductor.
On the 17th of June, 1781, the poor house at Heckingham sustained
injury though furnished with no less than eight conductors (Phil.
Drans. vol. Ixxii. p. 877). On the 12th of May, 1777, (Phil. Trans.)
the board-house at Purfleet was struck and damaged; in February,
1829 (Annales de Chimie, t. x1. p. 391), a magazine of powder was
struck, and injured at Bayonne, though provided with a lightning
rod, projecting about twenty feet above the building, and on the
14th of August, 1779, the church of “ Notre Dame de lo Garde,” at
Genoa, was struck and damaged, a conductor having been applied
to it in the preceding year (Semmlungen zur Physik for 1782, vol.

P2
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ii., p. 588). But in these, as in many other instances that might be
quoted, the conductors appear to have discharged their duty most
efficiently, conveying away in safety the great mass of the explosion,
while the small amount of damage that was in each case sustained
was -occasioned by the lightning having bifurcated, or bifurcated
before it struck the buildings, one portion having passed down the
conductors whilst other portions fell on points far distant, and they
illustrate the importance of securing into one general system of
conduction all those parts of the building situated at a distance
from the rod. :

(282) The lightning conductor applied to the Nelson Monument
in Trafalgar Square, is arranged with all the conditions requisite for
a perfect defence. The plates of copper are three inches wide and
one-fifth of an inch thick, led in two lines across the adjacent fillets
of the flutes of the column, and applied in lengths of ten feet, united
by dovetailing. The whole is pinned to the masonry by copper nails
secured with lead. The conducting plates are united to the orna-
mental bronze work surrounding the capital, which is again con-
nected with bands of metal, traversing the back and sword of the
figure, and ending in two points, one at the aigrette of the hat, the
other at the extremity of the sword; at the pedestal the two separate
lines of metal unite with a plate six inches wide, carried on near the
north-east angle to the earth where it is connected with three
pointed branches under the surface of the ground.

(283) The conductor of the Monument may likewise be referred to
as illustrating the conditions for perfect protection. This beautiful
column is terminated by a metallic vase four or five feet in diameter,
surrounded by pointed metallic plates, representing flames of fire :
between this and the floor of the gallery, are four thick bars of iron
supporting a set of iron steps. One of these bars, an inch thick and
five inches wide, is connected with the iron rail of the staircase
which reaches to the bottom of the building (P%il. Lrans. vol. Ixiv. p.
889). The whole height of this structure, including the one at its
summit, is 202 feet ; it has never yet been damaged by lightning.

(284) When the electrical explosion falling on the conductor is
very dense, the rod sometimes becomes covered with a luminous glow,
and a loud whizzing sound is at the same time heard. This lumi-
nous appearance is however of a perfectly harmless character, and,
provided the conductor be of sufficient capacity, it is unattended
with any calorific effect: it appears to be a sort of glow discharge,
(185) between metal and air immediately in the points of contact,
and may be classed with the phosphorescent flashes attendant on
the aurora borealis, or with the streaming of ordinary Electricity in
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the exhausted receiver of an air pump. The question, whether or not
danger is to be apprehended from “lateral discharges,” thrown off by
a conductor whilst conveying an electrical explosion, was long and
minutely discussed some years ago. The question was indeed a
most serious one, and if answered in the affirmative, it would be
subversive of the use of lightning conductors altogether; for if by
our insignificant arrangements, we can obtain a lateral discharge of
sufficient intensity to ignite gases and to communicate shocks,
the effects of similar explosions from a ‘eonductor conveying a
flash of lightning some hundreds of yards in length must be irre-
sistible. ~ 'We have already (197) considered the nature of the so
called lateral discharge in ordinary Electricity ; and that the pheno-
mena do not obtain with lightning conductors may be considered as
established by the experience of nearly a century, during which time
there is no instance on record of a lightning conductor, properly
arranged, throwing off lateral explosions to any semi-insulated
metallic masses near it; but that the discharge may in its course
divide between the rod and metallic bodies in good connection with
the earth is very possible, and illustrates the importance of uniting
all such metallic circuits with the lightning rod, and thereby avoid-
ing all danger of a destructive explosion.
(285) The little arrangement Fig. 120,

Fig. 120, amusingly illustrates \
the use of a continuous condue-
tor. "A board about three quar-
ters of an inch thick, and shaped
like the gable end of a house, is
fixed perpendicularly upon ano-
ther board, upon which a glass
pillar also is fixed in a hole about
eight inches distant from the
gable-shaped board. A small 7
hole, about a quarter of an inch ———=

deep, and nearly an inch wide, is cut in the gable shaped board, and
this is filled with a square piece of wood of nearly the same dimen-
sions. 1t should be nearly of the same dimensions, because it must
g0 so easily into the hole, that it may drop off by the least shaking
of the instrument. A brass wire is fastened diagonally to this square
piece of wood, and another of the same dimensions, terminated by a
brass ball, is fastened on the gable-shaped board, both above and
below the hole. TFrom the upper extremity of the glass pillar a
crooked wire proceeds, terminated also by a brass ball, and suffi-
ciently long to reach immediately over the ball or the wire of the
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board. - The glass pillar is loosely fixed in the bottom board, so that
it may move easily round the axis. It is evident that, with this
arrangement, a shock from a Leyden jar may easily be sent over the
square hole by connecting the exterior coating with the wire in the
gable-shaped board below it, and the interior with the wire on the
glass pillar which comes within the striking distance of the wire in
the gable-shaped board below it.

Suppose now the square piece of wood to be placed in the hole in
such a manner that the wire attached to it diagonally shall be in
contact with the wires above and below it, a shock may evidently be
transmitted without any disturbance taking place; but if it be put
into the hole in an opposite direction, so that the shock from the jar
shall be obliged to pass over it altogether in the form of a spark in
its passage from wire to wire, the concussion it will occasion will
throw the square piece of wood to a considerable distance from the
apparatus. The square piece of wood may here be supposed to
represent a window, and the wire a continuous or broken conductor
passing by the side of it, and the violent effects produced by the
minute quantity of Electricity accumulated in a Leyden jar may be
considered as a humble imitation of the effects of a stroke of light-
ning. When the passage is uninterrupted, the Electricity passes
quietly down, but when impeded it produces the most violent effects.

(286) To exemplify the method of defending ships, a small model
may be made, with a glass tube for the mast. Into this tube two
wires are to be inserted through its opposite ends, until within half
an inch of each other. The tube is then to be filled with water, and
the ends stopped. Connect the lower wire with a small metallic
thread tied to the stern. The upper wire is_to be surmounted by a
brass ball. A moveable conductor may be formed of a thin copper
wire, placed parallel with, and rising above the mast: this wire is to
be connected at the bottom with the metal thread. If a powerful
charge be passed along the mast when the conductor is attached no
effect is produced; but if the conductor be removed the mast is
shattered to pieces.

The apparatus shown in Fig. 119 (Cuthbertson’s Practical
Electrieity, p. 83), illustratesthe same in an amusing manner. The
trough is filled with water till the ship swims in it, and so that
when it sails exactly under the ball L, the top of the mast may
nearly touch it. By means of a thread attached to the head of the
ship, it may be drawn quickly between the charged Leyden jars, at
the opposite end of the trough. The moment the mast comes within
striking distance of-the ball I discharge takes place, and the mast
falls into the water in pieces. 'When the mast is repaired and set
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up again, hang the chain ¢ » from the top of the spindle, the ends
dropping into the water, and screw upon the top of the spindle the

A Fig. 121.

star A, then charge the jars, and on drawing the vessel as before, un-
derneath the ball L, it will be struck, but no damage will be done to
the mast, and the fire will be seen.to pass along the chain without
touching it. If the ship be drawn slowly underneath the ball, the
discharge will take place silently, because of the points on the top of
the spindle. ’

(287) The following very instructive experiment was arranged by
Harris (Nature of Thunder-storms, p. 188), with the view of illus-

Fig. 122,

A
: ¥
¢
trating the power of pointed bodies to discharge the Electricity of
the clouds without attracting them. It is a modification of an old

e
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experiment of Franklin’s (Letters, p. 121). ¢ p b is a long bent arm
of light, brass wire, balanced by means of a central point p on the
charging rod of the jar J, and on which it has free motion in all
directions; A is a light disc of gilded wood, resembling a common
scale pan, covered with a lock of fine cotton wool, and suspended by
conducting threads from the arm ¢ p b, a pointed body B is placed
on the same conducting base as the jar. If the jar be now charged,
the cotton in the scale-pan will begin to extend its filaments, and
the whole will be attracted]towards the table much in the same way
as a cloud appears to be attracted towards the earth, causing the bent
arm ¢ p b to assume an inclined position. If the arm be now caused
to move upon its centre p, so as to allow the artificial eloud A to
approach the point B, the arm will gradually assume its previous
horizontal position, in consequence of the influence of the point in
neutralizing the opposite forces. As the artificial cloud continues to
approach the point, this action proceeds so rapidly as frequently to
produce a whizzing sound, the bent arm recovering at the same time
its horizontal position. The scale-pan A, so far from being attracted
by the point, actually recedes from it, and very faithfully represents
the nature of the operation of pointed bodies on charged clouds.
(288) Ships, particularly in tropical climates, are especially ex-
posed to danger from lightning, and although the amount of damage
done in the British navy has been immense, it was not till the year
1842 that an efficient system of permanent conductors on the plan
recommended by Sir William Snow Harris was established. Con-
ductors had, indeed, been used for many years previously, but they
consisted of chains or links of copper about the size of a goose quill,
and were generally packed away in a box, where they frequently
remained untouched during long and hazardous voyages. Mr. Singer
appears to have been the first Electrician who recommended that fixed
conductors should be employed, but their final introduction and
general use has at length, after nearly twenty-five years’ unceasing
labour, been effected by Harris. His original proposition (Nautical
Magazine, 1852) was to complete the conducting power of the masts
by incorporating with them a series of copper plates of given and
capacious dimensions, from the truck to the keelson, so mechanically
arranged and combined in two lamin® as to yield freely to any
flexure or strain, to which the spars might be subject, at the same
time preserving an efficient and unbroken chain, and then to connect
these vertical conducting lines by conducting plates similarly arranged
with the various metallic bolts passing through the keelson and other
parts of the hull to the copper expanded over the bottom; thus
uniting, as it were, into one great chain, the conductors on the masts,
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the metallic bodies in the hull, and the general surface of the sea, so
that from the moment of lightning falling on any point aloft, the
explosive action would cease, and the general fabric be insured
against further damage. The object being to bring the general
fabric into that passive or non-resisting state it would assume,
supposing the whole structure were metallic throughout, or as nearly
so as possible. By this arrangement the conductors are always in
their place, always ready to meet the most unexpected danger, and
whilst clear of the rigging, and admitting of every possible motion of
the masts, they also admit of any part of the mast being removed.
They are also independent of the crew, who are not required to touch
them, and they prevent a flash of lightning from falling on the ship,
or on any given point, or from entering upon any circuit or course
of which they do not form a part.

(289) The practical application of this system of conductors was
attended with considerable difficulty, but the conditions of flexibility
and continuity were at length provided for by constructing the wires
of narrow plates of copper sheet in lengths of four feet, placed in
two layers, one immediately over the other, and in such a way as to
allow the butts or joints of the one series to fall immediately under
or over the continuous portions of the other, the series or joints
being riveted to the butts throughout the line. We have thus an
alternating series of sheet joints producing a perfectly continuous
and perfect line of conduction. The conducting wires thus arranged
had now to be incorporated with the spars, led throughout the hull,
and connected in various directions with the copper expanded over
the bottom of the ship, and with the sea. The incorporation with
the spars presented some difficulty, which was finally overcome by
laying the plates in shallow grooves cut for their reception along the
aft sides of the respective masts, from the truck to the keelson, and
preserving an adequate connection in the caps through which the
upper portions of the masts were required to slide. The plates were
fixed with strong copper nails. In Figs. 123, 124, the conductor is
shown by the dotted line A B C D, and it will be seen that any
elongation or contraction of the masts, or the removal of either of
them, in no way disturbs the continuity of the line, which evidently
remains the same, and is the shortest and best conducting line
between the mast head at D and the sea at S. When the sliding
masts are struck, a part of the conducting line necessarily remains
below the cap and top; but as this is quite out of the cireuit, it will
not at all influence the passage of the electric fluid along the shorter
line, as Sir William has proved by direct experiment.

(290) The absolute security ensured to vessels by this system of
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Fig.124.  lightning conductors, is conclusively de-
monstrated by the following analysis of
recorded cases of “Ships struck with
lightning,” published by Sir W. Harris
in the Nautical Magozine (1852). The
general system of lightning conductors
has been more or less in use since the
year 1830, at first in about 10 of H.M.
ships, and since 1842 throughout the
whole navy, which gives a clear course of
experiments of at least 20 years. Now
during this time the ships having the new
conductors have been exposed to light-
ning in its most appalling forms, in almost
every part of the world, and during these
20 years fhere are not more than 40
recorded cases of ships struck by lightning
though numbers of remarkablé instances
in which the eonductors have carried off,
tranquilly as it were, large streams of
atmospheric Electricity. In no case has
any 1l consequence ensued. Between 1822
and 1842, that is up to the date at which’
the system was fully adapted, and in-
cluding ten years common to both periods,
there are 60 recorded cases of ships struck,
and in every instance destructive damage
ensued, and in many cases to a frightful
extent. It thus appears that ships, nof
furnished with the new conductors, have
been struck by lightning more frequently
than ships having such conductors, in the
proportions of 8 2, a result quite conclusive of the question, ¢ whether
such conductors operate in attracting lightning to the ship.” In
short, since the general introduction of this system into the public
service, damage by lightning has vanished altogether from the records
of the navy.

(291) Voleanic eruptions in the sea are generally attended by
thunder and lightning, and may be classed among electrical pheno-
mena. In June, 1811, Captain Tilland observed off the island of
St. Michael one of these marine volcanoes, of which he has given
the following account in the Philosophical Transactions. *Imagine,”
says he, “ an immense body of smoke rising from the sea, the surface
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of which was marked by the silver rippling of the waves occasioned
by the slight and steady breezes incidental to those climates in
summer. In a quiescent state, it had the appearance of a circular
cloud, revolving on the water like a horizontal wheel, in various and
irregular involutions, expanding itself gradually on the lee side, when
suddenly a column of the blackest cinders, ashes, and stones, would
shoot up in the form of a spire, rapidly succeeded by others, each
acquiring greater velocity, and breaking into various branches
resembling a group of pines; these again forming themselves into
festoons of white feathery smoke. During these bursts, the most
vivid flashes of lightning continually issued from the densest part of
the voleano, and the columns rolled off in large masses of fleecy
clouds, gradually expanding themselves before the wind, in a direction
nearly horizontal, and drawing up a quantity of waterspouts, which
formed a striking addition to the scene. In less than an hour,a peak
was visible, and in three hours from the time of our arrival, the
voleano, then being four hours old, a crater was formed twenty feet
high, and from four to five hundred feet in diameter. The eruptions
were attended by a noise like the firing of cannon and musketry
mixed ; as also with shocks of earthquakes, sufficient to throw down a
large part of the cliff on which we stood. I afterwards visited the
voleanic island : it was eighty yards high, its crater upon the level of
the sea was full of boiling water ; it was about a mile in circumference,
and composed of porous cinders and masses of stone.”

(292) It has been a subject of discussion among philosophers
whether those destructive meteors called Zornadoes, are really electri-
cal phenomena, or whether they are caused by heat evolved from
condensing vapour. The subject came under the investigation of the
French Academy of Sciences, in 1839, in consequence of a demand
for indemnity for the devastation caused by a tornado at Chatenay
near Paris, under a contract of insurance against thunder-storms.
The question was referred to Arago the president of the Academy,
and under his auspices a report was made by Peltier agreeably to
which the insurers were called upon to pay. The following extract
from this report will convey some idea of the devastating effects of
this remarkable meteor. “Up to this time there had been thunder
continually rumbling within the second thunder cloud, when suddenly
an under portion of this cloud descending and entering into commu-
nication with the earth, the thunder ceased. A prodigious attractive
force was exerted forthwith, all the dust and other light bodies which
covered the surface of the earth mounted towards the apex of the
cone formed by the cloud, a rumbling thunder was continually heard.
Small clouds wheeled about the invested cone, rising and descending
withe rapidifv.. i The. columnisras torminated. he awan af Boa. MTa
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the south-east of the tornado, on the side exposed to it, the trees
were shattered, while those on the other side of it preserved their
sap and verdure ..... finally it advanced to the park and castle of
Chatenay, overthrowing everything in its path. On entering this
park, which is at the summit of a hill, it desolated one of the most
agreeable residences in the neighbourhood of Paris. All the finest
trees were uprooted, the youngest only, which were without the
tornado, having escaped. The walls were thrown down, the roofs
and chimneys of the castle and farm house carried away, and branches,
tiles, and other moveable bodies, were thrown to a distance of more
than five hundred yards. Descending the hill towards the north,
the tornado stopped over a pond, killed the fish, overthrew the trees,
withering their leaves, and then proceeded slowly along an avenue of
willows, the roots of which entered the water, and being during this
part of its progress much diminished in size and foree, it proceeded
slowly over a plain, and finally, at a distance of more than a thousand
yards from Chatenay divided into two parts, one of which disappeared
in the clouds, the other in the ground.”” The following is the explana-
tion offered by Peltier. “In contemplating the rise and pro-
gress of this phenomenon we see the conversion of an ordinary
thunder gust into a tornado ; we behold two masses of clouds exposed
to each other, of which the upper one, in consequence of the repul-
sion of the similar Electricities with which both are charged, repelling
the lower towards the ground, the clouds of the latter descending
and communicating with the earth by clouds of dust, and by the
trees. This communication being once formed, the thunder imme-
diately ceases, and the discharges of Electricity take place by means
of the clouds, which have thus descended, and the trees. These
trees traversed by the Electricity, have their temperature in con-
sequence raised to such a point that their sap is vaporized, and their
fibres sundered by its efforts to escape. Flashes, and fiery balls, and
sparks accompanying the tornado: a smell of sulphur remains for
several days in the houses, in which the curtains are found discoloured.
Everything proves that the tornado is nothing else than a conductor
formed of the clouds, which serves as a passage for a continual
discharge of Electricity from those above, and that the difference
between an ordinary thunder-storm, and one accompanied by a
tornado, consists in the presence of a conductor of clouds, which
seem to maintain the combat between the upper portion of the
tornado and the ground beneath.”

(293) Notwithstanding this report, it appears that in 1841% the
Academy signed another report sanctioning the idea originating with

* See a pamphlet by Dr. Hare, of Philadelphia, entitled, “ Exposure of the
Errors and Inconsistencies of the French Academicians respecting Tornadoes.”
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Professor Espy, that tornadoes are caused by the heat imparted to
an ascending column of air by condensing vapour, Electricity occasion-
ally intervening, but not being in the least essential to the generation
or endurance of the meteor. It was assumed by Espy that the rise
of temperature thus caused would create a buoyancy like that of a
balloon, and an upward force, and so great an acceleration as to
produce the phenomena of a tornado at the foot. of: the column
affected.

Dr. Hare adopts, and, indeed, originated (Exzperimental Observa-
tions, 1836) the electrical hypothesis, but he thinks that the idea of
Peltier, that the cloud acts as a conductor, is untenable. He is of
opinion that a tornado is the effect of an electrified current of :air
superseding the more usual means of discharge between the earth
and the clouds in those sparks or flashes which we call lightning, and
that it bears the same relative position to lightning that the carrying
or convective discharge does to the electrical spark; and with this
explanation the phenomena at Chatenay, as well as those observed in
1886 by Dr. Hare himself on visiting the scene of a tornado at New
Brunswick, appear well to accord.

(294) In the Comptes Rendus (Oct. 21, 1844), there is a report of
the phenomena attending a dry frombe, or tornado, which occurred
at Escalqueus. 1t appeared in the form of a vast inverted cone, and
was manifested in incessant rapid rotation. Suddenly it seized upon
a field of maize, which it dispersed in all directions. It completely
demolished a farm-house, killing all the poultry. It carried up,
threw down, and took up again several times a youth of thirteen or
fourteen years of age, without, however, doing him any serious
damage. It then passed on to another farm, about two miles distant
from the former, carrying off the roofs of the houses in its course.
A continual dead and terrifying noise was heard by all who witnessed
it, and those who were in the midst of it saw fire. . In fact, the
insurance company were quite ready to admit against their own
interests, that the mischief done was the effect of lightning.

(295) The following fearful account of the ravages committed by
a waterspout at Cette, extracted from a French paper, appeared in
the “Times” of October 30,1844, A frightful misfortune has.this
afternoon plunged our whole population into a state of consternation
and despair. = About four o’clock an electric waterspout fell uponi our
town, and committed such ravages, that at the present moment it
might be supposed that the town thad been submitted to all the
horrors of a siege. This terrible phenomenon, which arrived in the
direction of the fortress of St. Pierre, skirted the mole in its whole
length; and when it came opposite the engineers’ establishment,
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attracted probably by the conductor and the zine roof of the house,
it turned round the edifice, and at last fell with violence upon it.
At the same moment a violent explosion was heard, and the whole
population thought that its last hour was come. During two minutes’
space of time a terrific crash resounded in the air. The roofs of the
houses were smashed to pieces, and the fragments were carried to the
most distant part of the town. The building belonging to the engineers
has been entirely sacked ; its zine roof was carried off in the twinkling
of an eye, and the whole fagade demolished and razed to the ground,
so that nothing now remains of it but the back and side walls,
Another house, four stories high, new, and solidly built, was literally
crushed to the earth. In every apartment the separation walls were
destroyed, and the windows torn out; everywhere destructive traces
have been left. A fearful inundation joined at the same time its
ravages to those of the electric waterspout. In aun instant the
waters of the canal rose and flooded the quays. At least a dozen
boats were sunk in the canal itself, and many persons perished.
Five or six large vessels have been completely wrecked, and remain
with their keels uppermost. In the streets and on the quays are
everywhere to be seen wounded wretches, some with bloody heads,
others with mutilated limbs. Tt is impossible to give any description
of the feelings of terror produced in the minds of the whole popula-
tion.”

(296) The effects here described are considered by Peltier as
completely inexplicable on the theory of whirls produced by the
meeting of contrary winds. Arago has also admitted that they
cannot be understood without the aid of Electricity. The following
are the consequences deduced by Peltier from his investigations into
the subject. '

1°. All the immediate phenomena observed in waterspouts are due
to Electricity. They aré the results of secondary phenomena, which
almost always accompany them. The latter vary with the locality
and the state of the atmosphere.

2°. Their general effects are due either to statical or dynamical
Electricity : more generally they proceed from both.

3°. The statical effects are phenomena of attraction and repulsion.

4°. The attraction of an electrical cloud is accompanied by a rush
of air towards this cloud, from whenece result currents directed from
the exterior to the interior, and proceeding from all surrounding
points. It is manifested also by the projection of the vapour of
water, of liquid water itself, and of bodies that it raises or tears
according to the force with which it acts.

5°. The progress of its attractive power is plainly marked both on
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sca and land. On sea it appears by the boiling of the waters, and
the smoky appearance which is raised from them. On land its course
is rendered manifest by its effects upon the air, the ground, and all
loose bodies which it encounters.

6°. The attraction of the clouds is also manifest by the greatly
increased evaporation of the waters, and the consequent fall of their
temperature. The repulsion is manifested by currents of air which
issue from the electrie cloud, and only exist in its neighbourhood ; at
a little distance from it a dead calm prevails. These double currents
undergo various modifications produced by the localities and the
various qualities of the ground.

7°. The repulsion is also manifested by the cone which is formed
in the sea, in the very centre of the smoky vapours, an effect which
can be easily reproduced experimentally. )

8°. If an inductive action take place between two clouds charged
with opposite electricities placed at a certain distance asunder, a
portion of their vapour will resume the state of common vapour; this
will lower the temperature of neighbouring parts, which may descend
even below the freezing point; then the vapour of water crystallizes
in snowy flakes, which act immediately after their formation, like
other light bodies. The portion thus transformed into snow, and
which is charged with the Electricity of the inferior cloud, is attracted
by the superior cloud, then there is a neutralization of Electricity, a
fall of temperature, and so on.

9°. Finally, the electrical tension of the superior cloud facilitates
the evaporation of the liquid which moistens the snowy globule or
which already covers the ice. The electrified clouds acting by indue-
tion upon the ground are attracted to it. The clouds thus approach
the earth in a greater or less quantity, depending on the energy of
the attraction and their specific gravity.

The sound which sometimes accompanies the tornado Peltier
ascribes to a number of small partial explosions, which take place
between the cloud and the ground. They are louder in the case of
waterspouts which traverse the land, because of the badness of the
conductors presented to them ; they lose their intensity over the sea
because water is a better conductor. In short, there is nothing but
Electricity, and Electricity of prodigious tension, which can produce
effects so violent, within limits so very confined, while leaving the
surrounding places calm. :

(297) That which renders the waterspout so remarkable is the
circumstance of a double cone being formed when the phenomenon
is complete, one cone pointing downwards from a cloud, whilst
another points upwards from the sea. Captain Beechey, in the
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published account of his voyage in the Pacific when he commanded
the “Blossom,” gives.the following description of a waterspout which
nearly overwhelmed the vessel. ‘It approached amidst heavy rain,
thunder, and lightning, and was not seen until it was very near the
ship. The wind blew with great violence, momentarily changing its
direction, as if it were sweeping round in short spirals; the rain,
which fell in torrents, was also precipitated in curves, with short
intervals of cessation. Amidst this thick shower the waterspout was
discovered extending in a lapwing form from a dense stratum of
cloud to within thirty feet of the water, where it was hid by the foam
of the sea, being whirled upwards by a tremendous gyration. It
changed its direction after it was first seen, and threatened to pass
over the ship, but being diverted from its course by a heavy gust of
wind, it gradually receded. On the dispersion of this magnificent
phenomenon, we observed the column to diminish gradually, and at
length retire from the cloud from which it had descended in an
undulating form . ... 4 ball of fire was observed to be precipitated
into the sea, and there was much lightning. The column of the
waterspout first descended in a spiral form, until it met the ascending
column a short distance from the sea. A second and a third were
afterwards formed, which subsequently united into one large column,
and this again separated into three small spirals, and then dispersed.
The barometer was not affected, but the thermometer fell eight
degrees. The gyrations were in a direction contrary to that of the
hands of a watch.”

(298) Another waterspout, seen by Captain Beechey in lat. 20°
N. and long. 22° W., was thus described and illustrated by him in a
letter to Colonel Reid (Law of Storms, p. 400) : “ The day had been
very sultry, and in the afternoon a long arch of heavy cumuli and
nimbi rose slowly above the southern horizon: while watching its
movement, a waterspout began to form at a spot on the underneath
side of the arch, that was darker than the rest of the line. A thin
cone (Fig. 125) first appeared, which gradually became elongated,

Fig. 125. and was shortly joined with
several others, which went on
increasing in length and bulk
until the columns had reached
about half down to the horizon.
They here united and formed one
immense dark coloured tube. The
sea beneath had hitherto been

P undisturbed, but when the co-

- "‘gg,z:«@
—=eaoi lumns united it became per-



WATERSPOUTS. 225

ceptibly agitated, and was almost immediately whirled in the air
with a rapid gyration, and formed a vast basin, from the eentre of
which the gradually lengthening column seemed to drink fresh
supplies of water, Fig. 126. The column had extended about two-
thirds of the way towards the Fig. 126.
sea, and nearly connected itself
with the basin, when a heavy
* shower of rain fell from the
right of the arch at a short
distance from the spout, and
shortly after another fell from
the opposite side. This dis-
charge appeared to have .an
effect upon the waterspout,
which now began to retire.
The sea, on the contrary, was
perceptibly more agitated, and
for several minutes the hasin
continued to increase in size,
although the column was con-
siderably diminished. (Fig.
127.) In a few minutes more
the column had entirely dis-
appeared, the sea, however,
still continued agitated, and
did not subside for three
minutes after all disturbing
causes from above had vanish-
ed. This phenomenon was
unaccompanied by thunder or
lightning, although the showers of rain which fe]l so suddenly seemed
to be occasioned by some ‘such disturbance. Two days afterwards
we got into the south-east frade-wind in lat. 0° 83’ S. and long.
21° 40" W

(299) That magnificent meteorological phenomenon, the auwrora
borealis, is by many supposed to be in some way connected with
Electricity, and its appearance may be-imitated with great exactness
by passing a stream of Electricity from the conductor of a machine
through a tube partially exhausted of air. The same variety of
colour and intensity, the same undulating motions and occasional
coruscations, and the same inequality in the luminous appearance are
exhibited as in the aurora, and when the rarefaction is considerable
various parts of the stream assume that peculiar glowing colour
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which occasionally appears in the atmosphere, and which is regarded
by the uninformed observer with astonishment and fear. The ex-
periment is modified by De la Rive thus (Comptes Rendus, Oct. 15,
1849). A cylindrical rod of iron is cemented air-tight into a glass
globe. It is covered, except at its two ends, with an insulating and
thick layer of wax. A copper ring surrounds the bar above the
insulating layer in its internal part the nearest to the side of the
globe: from this ring proceeds a conducting-rod, which, carefully
insulated, traverses the same tubulure as the iron bar, but without com-
municating with it, and terminates externally in a knob or hook. The
air being rarefied through a stop-cock attached to a second tubulure,
the hook or knob is made to communicate with one conductor, and
the external extremity of the iron bar with the other conductor of a
machine: the Electricities unite in the globe, forming a more or less
regular fascicle of light. On bringing the external end of the iron
bar into contact with a pole of an electro-magnet, taking care to -
preserve good insulation, the light becomes a luminous ring, which
rotates round the bar in a direction regulated by the magnetization of
the bar, From this luminous ring brilliant jets issue, and form the
fascicle. On removing the electro-magnet these phenomena cease,
giving place to the previous appearance, and what is generally known
by the name of the electrical eqq.

(800) The aurora borealis is seldom seen in perfection in this
country, and of late years has rarely been noticed at all, but Captain
Parry, in his second voyage for the discovery of a north-west passage,
had abundant opportunities of observing it in the greatest splendour.
That highly distinguished philosopher and chemist, Dr. Dalton, has
also furnished us (Meteorological Essays) with the following account
of an aurora seen by him on the 15th of October, 1792.

“ Attention was first excited by a remarkably red appearance of
the clouds to the south, which afforded sufficient light to read by at
eight o’clock in the evening, though there was no moon nor light in
the north. From half-past nine to ten, there was a large, luminous,
horizontal arch to the southward, and several faint concentric arches
northward. It was particularly noticed that all the arches seemed
exactly bisected by the plane of the magnetic meridian. At half-past
ten o’clock streamers appeared, very low in the south-east, running
to and fro from west to east; they increased in number, and began
to approach the zenith apparently with an accelerated velocity ; when
all on a sudden the whole hemisphere was covered with them, and
exhibited such an appearance as surpasses all description. The
intensity of the light, the prodigious number and volatility of the
beams, the grand intermixture of all the prismatic colours in their
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utmost splendour, variegating the glowing canopy with the most
luxuriant and enchanting scenery, afforded an awful, but at the same
time, the most pleasing and sublime spectacle in nature. Every one
gazed with astonishment, but the uncommon grandeur of the scene
only lasted one minute; the variety of colours disappeared, and- the
beams lost their lateral motion, and were converted into.the flashing
radiations.

“ Notwithstanding the suddenness of the effulgence, at the breaking
out of the aurora, there was a remarkable regularity-in the manner.
Apparently a ball of fire ran along from east to west, with a velocity
so great as to be barely distinguishable from one continued train,
which kindled up the several rows of beams one after another.
These rows were situated before each other with the exactest order,
so that the base of each row formed a circle; crossing the magnetic |
meridian at right angles; and the several circles rose one above
another, so that those near the zenith appeared more distant from
each other than those near the horizon, a certain indication that the
real distances of the rows were nearly the same. The aurora con-
tinued for several hours. There were many meteors (falling stars,
as they are commonly called) seen at the same time; but they
appeared to be below, and unconnected with the aurora.”

(801) “The aurora,” says Captain Parry, “ began to show. itself as
soon as it was dark. Innumerable streams of white and yellowish
light occupied the heavens to the southward of the zenith, being
much brighter in the south-east, from which it often seemed to
emanate. Some of these streams were in right lines, others crooked,
and waving in all sorts of irregular figures, moving with inconceiv-
able rapidity in various directions. Among them might frequently
be observed shorter bundles of rays, which, moving even with greater
velocity than the rest, have aequired the name of ‘merry dancers.’
In a short time the aurora extended itself over the zenith, about half
way down to the northern horizon, but no further, as if there were
something: in that quarter of the heavens that it did not dare to
approach. About this time, however, some long streamers shot up
from the horizon in the north-west, but soon disappeared. While
the light extended over part of the northern heavens, there were a
number of rays assuming a circular or radiated form, near the zenith,
and appearing to have a common centre near that point, from which
they all diverged. The light of which these were composed appeared
to have inconceivably rapid motion in itself, though the form it
assumed, and the station it occupied in the heavens, underwent little
or no change for perhaps a minute or more. This effect is a common
one with the aurora, and puts one in mind, as far as its motion alone

Q 2
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iy concerned, of a person holding a long ribbon by one end, and giving
it an undulatory motion through its whole length, though its general
position remains the same. When the streams or bands were
crooked, the convolutions took place indifferently in all directions.
The aurora did mot continue long to the nerth of the zenith, but
remained as high as that point for more than an hour. _After which,
on the moon rising, it became more and more faint, and at half-past
eeleven was nolonger visible.

“The .colour of the light was most frequently yellowish white,
sometimes greenish, and onee or twice a lilac tinge was remarked,
when several strata appeared as it were to overlay each other by very
rapidly meeting, in which case the light was always increased in
intensity. The electrometer was tried several times, and two com-
passes exposed on the ice during the continuanee of this aurora, but
neither was perceptibly affected by it. "We listened attentively for
any noise that might accompany it, but could hear none; but it was
too cold to keep the ears uncovered very long at .one time. The
intensity of the light was something greater than that of the moon
sin her quarters. Of its dimming the stars there cannot be a doubt.
We remarked it to be in this respect like drawing a gauze veil over
#the heavens in that part, the veil being most thick when two of the
lyminous sheets met and overlapped. The phenomenon had all the
appearance of ‘being full as near as many of the .elouds .commonly
seen, but there were none of the latter to compare them with at the
time:”

(802) The commencement and -successive phases of a complete
aurora have been thus graphically deseribed by Humboldt (Cosmes,
Sabine's translation, vol. i. p. 180) : “Low down on the horizon,
about the part where it is intersected by the magnetic meridian, the
sky, which was previously clear, is darkened by :an appearance
resembling a dense bank or haze, which gradually rises, and attains a
height of eight or ten degrees. The colour of the segment passes
into brown or violet, and stars are wisible through it, as in a part of
the sky obscured by thick smoke. A broad luminous arch, first
white, then yellow, bounds the dark segment; but asthe bright arch
does not appear until after the segment, Argelander considers that
the latter cannot be attributed to the mere effect of contrast with its
bright margin. The azimuth of the highest point of the luminous
arch, when carefully measured, has been usually found not quite in
the magnetic meridian, but from five to eighteen degrees from it, on
the side towards which the magnetic declination of the place is
directed. In high northern latitudes, in ‘the near vicinity of the
magnetic pole, the dark segment appears less dark, and sometimes is
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not seen at all; and in the same localities, where the horizontal
magnetic force is weakest, the middle of the luminous arch deviates
most widely from the magnetic meridian. The luminous arch under-
goes frequent fluctuations. of form: it remains sometimes for hours
before rays and streamers are seen to shoot from it, and rise to the
zenith. The more intense the discharges of the aurora, the more
vivid is the play of colours, from violet and bluish white through
gradations to green and crimson. In the common Electricity
excited by friction it is also found that the spark becomes coloured
only when a violent explosion follows high tension. At one moment
the magnetic streamers rise singly, and are even interspersed with
dark rays resembling dense smoke; at another they shoot upwards
simultaneously from many and opposite points of the horizon, and
unite in a quivering sea of flame, the splendour of which no deserip-
tion can reach, for every instant its bright waves assume new forms.
The intensity of this light is sometimes so great, that Lowenorn
(29th January, 1786): discerned its coruseations during bright sun-
shine. Motion increases the visibility of the phenomenon. The
rays finally cluster round the point in the sky corresponding to the
direction of the dipping needle, and there form what is called the
corona—a canopy of light of milder radiance, streaming, but ne
longer undulating. It is only in rare cases that the phenomenon
proceeds so far as the complete formation of the corona; but when-
ever this takes place the display is terminated.. The streamers now
become fewer, shorter, and less intensely coloured ;.the corona and
the luminous arches break up, and soon nothing is seen. but irregu-
larly scattered, broad, pale shining patches of an.ashy grey colour,
and even these vanish before the trace of the original: dark segment
has disappeared from the horizon. The last trace that remains of
the whole spectacle is dften merely a white delicate cloud, feathered
at the edges, or broken up into small round masses like cirro-cumuli.”

The following is a general description of the aurora as observed by
M. Lottin, at Bossekop, in: the bay of Alten, on the coast of West
Finland, in lat. 70 N., during the winter of 1838—9. (Becguerel's
Traité de Météorologie.); “ Between the hours of four and six in
the afternoon the sea-fog; which eonstantly prevails in those regions,
becomes coloured on its. upper border, or rather is fringed with the
light of the aurors, which is behind it. This border becomes
gradually more regular, and takes the form of an arc of a pale yellow
colour, the edges of which are diffuse, and the extremities resting
on the horizon; the bow swells upwards more or less slowly, its
summit being constantly on the magnetic meridian or very nearly so.
The luminous matter of the arc soon becomes divided regularly by
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blackish streaks and is resolved into a system of rays: these rays
are alternately extended and contracted, sometimes slowly, some-
times instantaneously; sometimes they would dart out increasing
and diminishing suddenly in splendour. The inferior parts of the
feet of the rays present always the most vivid light, and form an arc
of greater orless regularity. The length of these rays was often very
varied, but they all converged to that point of the heavens indicated
by the direction of the south pole of the dipping needle. Sometimes
they were prolonged to the point where their directions intersected
and formed the summit of an enormous dome of light. The bow
would then confinue to ascend towards the zenith; it would
experience an undulatory motion in its light; that is, from one
extremity to the other the brightness of the rays would increase
successively in «ntensity. This luminous current would appear
several times in quick succession, and it would pass much more
frequently from west to east than in the opposite direction. Some-
times, though rarely, a retrograde motion would take place imme-
diately afterwards; and as soon as this wave of light had run
successively over all the ‘rays of the aurora from west to east, it
would return in the contrary direction to the point of its departure.
The bow thus presenting the appearance of an alternate motion in a
direction nearly horizontal, had usually the appearance of the undu-
lations or folds of a riband, or of a flag agitated by the wind, as
represented in Fig. 128. |

Fig. 128.

Sometimes one, sometimes both of its extremities would desert the
horizon, and then its folds would become more numerous and
marked ; the bow would change its character and assume the form
of a long sheet of rays returning into itself and consisting of several
parts forming graceful curves. The brightness of the rays would
vary suddenly, sometimes surpassing in splendour stars of the first
magnitude. These rays would rapidly dart out and curves would
be formed and developed like the folds of a serpent; then the rays
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would assume various colours; the base would be blood-red, the
middle pale emerald green, and the remainder would preserve its
clear yellow hue. These colours always retained their respective
positions, and they were of admirable transparency, the brightness
would then diminish, the colours disappear, and all would be extin-
guished, sometimes suddenly, and sometimes gradually. After this
disappearance fragments of the bow would be re-produced, would con-
tinue their upward movement and approach the zenith: the rays, by
the effect of perspective; would be gradually shortened ; the thickness
of the are, which presented thus the appearance of a larger zone of
parallel rays, could be estimated; then the vertex of the bow
would reach the magnetic zenith, or the point to which the
south pole of the dipping needle is directed ; at that moment the
rays would be seen in the direction of their feet; if they were
coloured they would appear as a large red band, through which the
green tints of their superior darts could be distinguished ; and if the
wave of light above mentioned passed along them, their feet would
form a long sinuous undulating zone while throughout all these
changes, the rays would never suffer any oscillation in the direction
of their axis, and would constantly preserve their mutual parallelisms.
In the mean time new arcs are formed, either commencing in the
same diffuse manner, or with perfectly formed and very vivid rays ;
they succeed each other, passing through nearly the same phases,
and arrange themselves at certain distances from each other. As
many as nine have been counted, forming as many bows, having their
ends supported on the earth, and in their arrangement resembling the
short curtains suspended one behind the other over the scene of a
theatre, and intended to represent the sky. Sometimes the intervals
between these bows diminish, and two or more of them close upon
each other, forming one large zone, traversing the heavens and disap-
pearing towards the south, becoming rapidly feeble after passing the
zenith. If we can picture to our imagination all these vivid rays of
light issuing forth with splendour, and varying continually and
suddenly in their length and brightness, coloured at intervals with
beautiful red and green tints, with waves of light undulating over
them, the whole firmament presenting one immense and magnificent
dome of light reposing on the snow-covered base, supplied by the
ground, which itself serves as a dazzling frame for a sea calm and
black as a pitchy lake, some idea may be obtained of the splendid
spectacle which is presented to him who witnesses the aurora from
the bay of Alten.”

During the winter of 1838—9, between September, 1838, and
April, 1839, M. Lottin observed 143 auroras; they were most
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frequent during the period while the sun remained below the
horizon, that is from the 17th of November to the 25th of January.
During those nights he observed 70 auroras, without eounting those
which were rendered invisible by a clouded sky, but the presence of
which was indicated by the disturbance they produced on the mag-
netic needle.

It is very rarely that an aurora is observed complete in any but
the northern regions; sometimes the corona is vague and uncertain ;
sometimes the bow is either incomplete in itself or is divided into
several points; at other times the light is intercepted by clouds
which modify both the colour and the depth of the borders. Many
other circumstances concur in interfering in various ways with the
regular form of the aurora borealis.

(303) Whether the “magnetic storms’ manifested by auroral
display share with electric storms the phenomena of sound as well as
of light appears doubtful. Nairne, Cavallo, and Hearne, at the
mouth of the Coppermine River, and Henderson in Iceland, each
heard “ hissing sounds,” which they regarded as connected with the
aurora, but which Wentzel attributed to the contracting of the snow
from the sudden increase of eold. Parry, Franklin, and Richardson,
who have seen thousands of northern lights in different parts of the
world, never heard any noise. The height of the aurora is likewise
an uncertain point, the results of different measurements giving
heights varying from a few thousand feet to several miles. The
most modern observers seem, however, disposed to place the seat of
the phenomenon, not at the limits of the atmosphere, but in the
region of clouds; and they even believe that the rays of the aurora
may be moved to and fro by winds and currents of air.

(304) Amongst the theories that have been proposed to explain
auroras, that of Biot is perhaps characterised by the greatest inge-
nuity. He first determined that the phenomenon was placed within
the limits of our atmosphere, and that it is connected either with the
atmosphere, or with some matter suspended in it. Now, that its
cause, whatever it may be, has an intimate relation with that of ter-
restrial magnetism is demonstrated by the fact, that the rays or
columns of light are always parallel to the dipping-needle, and that
the ‘bows, corons, and other visible forms which the phenomena affect,
are always symmetrically placed with respect to the magnetic me-
ridian. Biot assumed also, that the aurora borealis is composed of
real clouds of luminous matter, floating in the atmosphere, which
frequently arrange themselves in series of lines or columns, parallel
to the dipping-needle. 'What is the nature of this matter? This
question is answered by Biot in the following manner (Lardner and
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Walker's Electricity, vol. ii. p. 235): “ Among material substances
certain metals alone are susceptible of magnetism; sinee, then, the
luminous matter composing the aurora obeys the magnetic influence
of the earth, it is very probable that the luminous clouds of which it
consists are composed of metallic particles, reduced to an extremely
minute and subtile form. This being admitted, another consequence
will immediately ensue, such metallic elouds, if the expression be
allowed, will be conductors of Electricity, more or less perfect, accord-
ing to the degree of proximity of their constituent particles. When
such clouds arrange themselves in columnar forms, and connect
strata of the atmosphere at different elevations, if such strata be
unequally charged with Electricity, the electrical equilibrium will be
re-established through the intervention of the metallic columns, and
light and sound will be evolved in proportion to the imperfect con-
ductibility of the metallic clouds arising from the extremely rarefied
state of the metallic vapour or fine dust of which they are consti-
tuted. All the results of electrical experiments countenance these
suppositions. When the phenomena are produced in the more
elevated regions, where the air is highly rarefied, little resistance
being opposed to the motion of the electric fluid, Zight alone is
evolved without sensible sound, as is observed when Electricity is
transmitted through exhausted tubes; but when the aurora is de-
veloped in the lower regions of the atmosphere, it would: produce the
hissing and cracking noise which appears to be heard on some
occasions, If the metallic cloud possess the conducting power in a
high degree, the electric current may pass through it without the
evolution of either light or sound, and thus the magnetic needle may
be affected as it would be by an aurora, at a time when no aurora is
visible. If-any cause alter the conductibility of these columnar
clouds, suddenly or gradually, a sudden or gradual change in the
splendour of the aurora would ensue.

According as those clouds advance over more southern countries,
the direction of their columns being constantly parallel to the dip-
ping-needle, they take gradually a more horizontal position, and,
consequently, the strata of atmosphere, at their extremities, become
gradually less distinct, and, therefore, more nearly in a state of
electrical equilibrium ; hence it follows, that as the latitude diminishes
the appearance of aurora becomes more and more rare ; until, in the
lower latitudes, where the columns are nearly parallel to the horizon,
such phenomena are never observed.”

(305) The formation of these luminous metallic clouds is thus
ingeniously accounted for by Biot: “The magnetic pole, or its
vicinity, is evidently the point from which these columnar masses of
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meteoric light proceed; therefore the extremely minute rays com-
posing these columns must issue from the earth in that region.
Now it is well known, that that part of the globe is, and always has
been, characterised by the prevalence of frequent and violent voleanic
eruptions ; and several voleanoes have been, and still are, in activity
round the place where the magnetic pole is situate. These eruptions
are always accompanied by electric phenomena. Thunder issues from
the voleanic clouds, ejected by the craters; and these clouds of vol-
canic dust, thus charged with Electricity, are projected to great
heights, and carried to considerable distances through the air, carry-
ing with them all the Electricity taken from the crater.

These vast eruptions, issuing from depths so unfathomable that
they seem almost to penetrate the globe, and issuing with such vio-
lence from the gulfs by which they are projected into the atmosphere,
must necessarily produce strong vertical currents of air, by which
the volecanic dust will be carried to an elevation exceeding that of
ecommon clouds. To this it may be added, that more recent observa-
tions have rendered it highly probable, if not certain, that metallic
matter, and more particularly iron, in a pure uncombined state, is
frequently precipitated from clouds in thunder-storms.”

(306) Such is the theory of the French philosopher. More
recently De la Rive (Phil. Moyg. vol. xxxiv. p. 286) has put forth
another view, founded on the following considerations: Atmospheric
Electricity has its origin in the unequal distribution of temperature
in the strata of the atmosphere; positive Electricity proceeds from
the hot part of a body to the cold ; and negative Electricity moves in
a contrary direction, hence the lower column of the atmosphere is
constantly negative, and the upper column positive. The difference
is more marked in our latitudes in summer than in winter, and more
striking in general in the equatorial than in the polar regions. The
negative state of the lower column is communicated to the earth, on
which it rests, and thus positive Electricity increases with the height
of the atmosphere.

The opposite electrical states of the upper and lower regions of
the air undergo neutralization when the tension reaches a certain
degree of energy, by humidity, rain, snow, &¢. De la Rive conceives
that, at the polar regions, the positive Electricity of the atmosphere
combines readily with the negative there accumulated on the earth,
because of the great humidity of the air in those regions, a current
is thus formed, for the Electricity returns by the surface of the earth
from the poles to the lower portion of the stratum, from whence it
started. The current is from south to north in the upper regions of -
the atmosphere, and from north to south on the surface of the earth.

“w
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The same takes place in both hemispheres, consequently, for an
observer, travelling from north to south, the current would proceed
in the same direction, from the north pole to the equator, and in a
contrary direction, from the equator to the soutk pole.

The aurora borealis is the luminous effect of these currents,
travelling in these high regions towards the north pole, and is thus
explained: when the sun, having passed into the southern hemi-
sphere, no longer heats so much our hemisphere, a condensation of
moisture, in the form of ice or snow, takes place round the polar
regions, and Electricity is hereby conducted to the surface of the
earth in the form of electric discharges. When the clouds are
partial, Zalos are formed. The identity between the light of the
aurora and electric light is proved by well-known experiments. The
light produced by the electric discharge in highly rarefied, but per-
fectly dry air is very faint; the luminous effect is, however, greatly
increased when moisture is present.

(807). The reason why these phenomena appear at the magnetic and
not at the ferrestrial pole, is illustrated experimentally by De la Rive
in the following manner : “ Place the pole of a powerful electro-magnet
underneath the surface of mercury, connected with the negative pole
of a powerful galvanic battery; bring over and near it the positive
pole, armed with a charcoal point, a voltaic arc is formed, and the
mercury is agitated above the magnet; luminous currents rotate
round the pole, throwing out oceasionally brilliant rays. There is
always, as in the case of the aurora borealis, a dark portion in the
form of a circular point, over the pole of the magnet. With a con-
tinuous current of ordinary Electricity, arriving at the pole of a
powerful electro-magnet in moist rarefied air, luminous effects still
more similar to those of the aurora borealis are obtained. These
phenomena result from the action of magnets on currents, and the.
same should apply to the action of the magnetic pole of the earth.
A noise is sometimes heard attending the aurora, exactly similar to
that which the voltaic arc produces in the action of magnetism. A
sulphureous smell (ozone?) likewise accompanies the aurora; the
aurora likewise disturbs the magnetic needle in an irregular manner;
Matteucci observed this in the Electric Telegraph between Ravenna
and Pisa; as did also Mr. Barlow (P%l. Mag., vol. xxxiv., p. 344)
in the telegraph apparatus on the Midland line.

(308) At the meeting of the British Association at Cork, in
August, 1843, Mr. Nott (Athenzum) described the following experi-
ment, illustrative of the phenomena of the aurora borealis: “ A globe
of steel was magnetized by causing magnetizing bars to traverse it
from the equator to the poles, whilst it was in rapid rotation; it was
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then placed in similar electric circumstances to those which the earth
was conceived to be in, and regarding that region of the atmosphere
immediately over the torrid zone as the principal seat of atmospheric
Electricity, it was thought that if the globe were surrounded with a
ring that would bear approximately the same proportion, to the
globe, as this region of the atmosphere does to the earth, and both
oppositely electrized, the action of the Electricity of the ring upon
the air immediately enveloping the globe would place the latter in
nearly similar electric circumstances to those of the earth. If then
the aurora were an eleéctric phenomenon, that is, a discharge of free
Electricity, taking place from the pole of the earth, rendering the
vortex, supposed to be immediately over the pole luminous, from the
great rarefaction of the air within it, and passing over our atmo-
sphere to the upper stratum of the equatorial region, an analogous
effect ought to be produced by increasing the electric intensity of the
artificial globe. Accordingly it was found, that on insulating the
ring, and connecting it with the prime conductor of the resinous
plate of the rkeo-electric machine (a machine consisting of two pa-
rallel plates, one of glass and the other of resin, rotating on the same
axis, and provided with separate rubbers), and on connecting the
insulated globe by one of its poles with the vitreous conductor, and
placing it so that its equator was surrounded by the ring, a truly
beautiful and luminous discharge took place between the uncon-
nected pole and the ring. A dense atmosphere was most favourable
for this experiment, the light had then the appearance of a brilliant
ring, the under part, towards the globe, being comparatively dark,
while above, all round the axis, were foliating diverging flames, one
behind the other. When the atmosphere was very dry, it had merely
the appearance of a beautiful electric brush.

(309) Faraday has thrown out the idea (though with his usual
caution), that the aurora borealis and australis may be connected
with currents of Eleetricity induced by the earth’s rotation. I
hardly dare venture,” he says (Ew. Resear., par. 192), “even in
the most hypothetical form, to ask whether the aurora borealis and
australis may not be the discharge of Electricity thus urged towards
the poles of the earth, from whence it is endeavouring to return by
natural and appointed means above the earth, to the equatorial
regions. The non-occurrence of it, in very high latitudes, is not at
all against this supposition ; and it is remarkable that Mr. -Fox, who
observed the deflections of the magnetic needle at Falmouth by the
aurora borealis, gives that direction of it which perfectly agrees with
the present view. He states, that all the variations at night were
towards the east, and this is what would happen if electric currents
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were setting from south to north in the earth under the needle, or
from north to south in spheres above it.” Mr. Noft’s ingenious
experiment, above described, may be considered as, in some degree,
an experimental illustration of this theory. -

(810) Recent experiments (Humboldt) have failed to show a con-
nection between polar light and atmospheric Electricity, since during
the finest auroras no change has been detected in very sensitive
electrometers. On the other hand, all the three manifestations of
terrestrial magnetism, the declination, inclination, and force, are
affected in a very sensible manner, the same end of the needle being
sometimes attracted and sometimes repelled in the course of the
same night. The luminous phenomenon is regarded by Humboldt
ag the restoration of the equilibrium temporarily disturbed, the
termination of a magnetic storm, and the effect on the needle varies
with the intensity of the discharge. The aurora is not to be regarded
as the cause of the magnetic perturbation, but as the result of a state
of “telluric activity,” excited to the production of a luminous phe-
nomenon ; an activity which manifests itself on the one hand by the
fluctuations of the needle, and on the other by the appearance of the
brilliant auroral light. A great difference between an electrical and
a magnetic storm is, that the former is usually confined to a small
space, beyond which the state of Electricity in the atmosphere
remains unchanged; the latter, on the other hand, manifests its
influence on the march of the needle over large portions of conti-
nents, and far from the place where the evolution of light is visible.
“That the aurora,” says Humboldt, “is a magnetic phenomenon,
has, by Faraday’s brilliant discovery of the evolution of light by the
action of magnetic forces, been raised from a mere conjecture to an
experimental certainty. The fact which gives to the phenomenon its
greatest importance is that the earth becomes self-luminous; that
besides the light which as a planet it receives from the central body,
1t shows a capability of sustaining a luminous process proper to itself,
and this going on almost uninterruptedly in the polar regions leads
us by analogy to the remarkable phenomenon presented by Venus
when the portion of that planet not illumined by the sun is seen to
shine with a phosphorescent light of its own.”” It is mot, he adds,
improbable the moons of Jupiter and the comets radiate a light gene-
rated by themselves in addition to the reflected light which they
receive from the sun.

(811) Induction of atmospheric Electricity on the wires of the
Electric telegraph.—According to the observations of Professor Henry
of Philadelphia (Pkil. Mag. vol. xxx. p. 186), the wires are sometimes
struck by a direct discharge of lightning which is seen coursing along
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“‘the wire in a stream of light; sometimes passing with explosions
resembling the reports of rifles down the poles in succession. These
lateral explosions are referred to the .charge of the surface of the
wire by a wave of the fluid, during the transmission of the Electricity
-which tends to give off sparks to neighbouring bodies, like the con-
ductor of a machine. The discharge from the clouds does not
generally consist of a simple wave of Electricity, but of a number of
discharges in rapid succession along the same path, whence the wire
of the telegraph is capable of transmitting an immense quantity of
the fluid thus distributed over a great length of the conductor.
Henry thinks that when the discharge takes place, a disturbance of
the electrical plenum existing throughout all terrestrial space ocecurs,
the state of rest being attained by a series of diminishing oscillations
or waves, which, by their reflections, enhance the tendency of the
fluid to fly from the conductor.

(312) The natural state of the telegraph-wire may be disturbed
without the presence of a thunder cloud, by the passage of currents
of Electricity from one portion of space to another, the electrical
condition of the atmosphere surrounding the wire at one place being
different from that at another. A difference of elevation will do this,
as kite experiments abundantly testify, so that if the line of the
telegraph passes over an elevated mountain ridge, there will be con-
tinually, even during clear weather, a current from the more elevated
to the lower points of the conductor: vapour, fogs, snow, and rain
at one end of the wire, and not at the other, may likewise determine
currents of Electricity of sufficient power to set the marking machine
of the telegraph in action. The natural Electricity of the telegraph-
wire may-even be disturbed by the induction of a distant cloud
moving first towards and then from the wire, though such eurrents
would be feeble.

(813) A fruitful source of disturbance of the needles is the power-
ful currents produced by induction, by flashes of lightning occurring .
perhaps many miles off. This is illustrated by‘the following experi-
ment of Henry’s: By sending sparks from a machine through a
parallelogram of about sixty feet by thirty of copper wire suspended
by silk strings round the ceiling of a room, a current was induced in
a second similar parallelogram placed immediately below the first in
the cellar of the building, through two floors and thirty feet distant,
sufficiently powerful to magnetize needles; that similar effects may
be produced by atmospheric Electricity was proved, by soldering a
wire to the metallic roof of the house, and passing the other end
down into a well; at every flash of lightning a series of currents, in
alternate directions, was produced on the wire. Sparks have indeed
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been seen on the railroad itself, at the breaks of the continuity of the
rail, with every flash of a distant thunder cloud. Every discharge in
the heavens must, therefore, produce inductive effects to a greater or
less degree in the telegraph wires. In the Telegraph Office at
Philadelphia, Henry observed sparks passing from the wire to a
metallic surface, in connection with the earth through nearly an inch,
during the raging of a storm at Washington ; such, indeed, was the
quantity and intensity of the current, that the needle of an ordinary
vertical galvanometer with a short wire, and not by any means
sensible, was moved by it several degrees, its pungency was also very
great. By erecting at intervals along the line metallic rods about
half an inch from the wire of the telegraph, particularly at places
where the line crosses the river, and near the stations, all personal
danger may be avoided. It is well known that small birds have
sometimes been found hanging by their claws dead from the wire,
having probably been killed by one of these inductive discharges.
There seems no way of obviating the effect of these inductive currents
on the telegraph; but during thunder weather it would be advisable
to increase the strength of the batteries, and to diminisk the sensi-
bility of the magnetic needles. '

(814) According to the observations of M. Baumgartner (Revue
Scientifique, Dec., 1849), the direction of the atmospheric eclectric
currents along the telegraph wires is from Vienna to Sommering
during the day, and inverse during the night, the change of direction
taking place after the rising and setting of the sun. The regular
current is less disturbed by irregular currents when the air is dry
and the sky serene, than when the weather is rainy, and the current
is more intense with short than with long conductors. When the
sky is cloudy, and the weather stormy, currents are observed suffi-
ciently intense to affect the telegraphic indicators, and the action is
stronger on the approach of a storm. Mr. Barlow has also made
some curious observations on the direction of the disturbance of the
telegraph needle. He found (Phil. Mayg. vol. xxxiv. p. 844), that in two
telegraphs proceeding northerly and north easterly, 4. e. from Derby
N. towards Leeds, and from Derby N.E. towards Lineoln, the direction
of the disturbance was always contrary to those proceeding southerly
and south-westerly, e. g. from Derby S. towards Rugby, and from
Rugby S.W. to Birmingham. He found currents at all times per-
ceptible in telegraph wires between two earth conduetors, but not so
if the wires have no earth connection; that the changes of force and
direction were simultaneous at both ends of a wire forty-one miles
long, the current passing direct from one earth connection to the
other; that there is a daily movement of the galvanometer needle,
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similar to that of the horizontal magnetic needle, produced by the
electric currents travelling in one direction from eight .M., to eight
?.M., and returning in the opposite direction during the remainder
of the twenty-four hours; the movement of the galvanometer needle
being - subject to disturbances which are the greatest during the
prevalence of aurore ; that the direction in which these currents
alternate is from N.E. to S.W., the effect not depending on the
direction of the wire itself, but on the relative direction of the two
earth connections.

Barlow also made simultaneous abservations with the galvanometer
and a declinometer needle, from which it appeared that taking the
mean of many observations that part of the day in which the currents
flow 8. (¢. e. from eight or mine a.m. till evening), the variation of
the declinometer needle is W., and that, during the night and early
in the morning, at which time the currents travel N., the variation is
E., also that those large disturbances called magnetic storms are
simultaneous on both instruments.

Barlow attributes these currents to thermo-electric action in the
crust of the earth, while De la Rive considers them to originate in
the atmosphere.

(815) The extraordinary influence of the awrora borealis on the
needles, and sometimes even on the bells of the electric telegraph, is
thus noticed by Mr. Walker, superintendent of the Electric
Telegraphs to the South Eastern Railway Company, in his entertain-
ing little work, entitled, “ Electric Telegraph Manipulation:” “ At
such times mneedles move just as if a good working current were
pursuing its ordinary course along the wires, they are deflected this
way or that, at times with a quick motion, and changing rapidly from
side to side, many times in a few seconds, and, at other times, moving
more slowly, and remaining deflected for many minutes with greater
or less intensity, their motions being inconstant and uncertain.
These phenomena have occurred less frequently on the part of the
line between Reigate and Dover, which runs nearly E. and W.; on
the part between London and Reigate, which is nearly N. and 8.
‘When, however, they do make their appearance on.the telegraph in
those parts, we are prepared to expect auroral manifestations when
the night arrives, and we are rarely disappointed. The deflections in
their variations appear to coincide with the various phases of the
aurora. On the branch line running from Ashford to Ramsgate,
these deflections have :been a much more common occurrence, even
when the other parts of the line were unaffected, and when no
auroral phenomena were noticed. This branch nearly coincides with
the curve of equal dip. A dipping needle inclines downward to the
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same angle 68°40° at all places along this curve; whether there is
any relation between these two facts remains to be investigated. . . .
The needles are also subject to feeble secular deflections, correspond-
ing with certain hours of the day. The wires also ati times collect
Electricity from the atmosphere, and affect the needles.”

(316) Some remarkable phenomena, observed at the works of the
Electric Telegraph Company, by Mr. Latimer Clarke, have recently
attracted the attention of Professor Faraday, and are regarded by him
as affording striking illustrations of the truthfulness of his views
respecting the mutually dependent nature of induction, insulation,
and conduction (883).

The telegraph wire is covered with gutta percha, the insulation of
which is tested by submerging the coils sometimes 100 miles at a
time in water, and connecting one end through a galvanometer with
one’end of an insulated intensity voltaic battery, the other end
of which is in communication with the earth; any deficiency of
insulation in the wire is immediately shown by the deflection of the
galvanometer, yet so perfeet is the insulating power of the gutta
percha that the needle seldom passes through more than 5° On
making contact between the free end of the battery (of 860 pairs of
plates 4x 3 inches), and one end of the immersed wire, and then
breaking it, a smart shock could be received. by a person touching
the wire, and also, at the same time, a wire in. communication with
the earth; and this even after the contact had been broken two or
three minutes; a fuze could also be fired, and the galvanometer
powerfully affected ; none of these effects were produced when the
wire was suspended in air.

(317) On consideration it became evident that the results obtained
with the submerged wire were due to a charging of the wire by the
battery, that it constituted in fact an immense Leyden arrangement ;
the copper wire, exposing a surface of nearly 8,300 square feet,
becomes charged statically with the Electricity from the battery, and
acting by induction through the gutta percha, producing the opposite
state on the surface of the water touching the gutta percha, and
forming the outer coating ; the intensity of the static charge acquired
is only equal to the intensity at the pole of the battery, but the
quantity, because of the immense extent of the coated surface, is
enormous: hence the striking character of the results. The reason
why no such effects are obtained with a wire suspended in air is
simply because there is in this case no outer coating correspondent
to the water, and as, therefore, there was no induction, so the inner
wire could not become charged. Precisely similar phenomena were
exhibited by the subterraneous wires, covered with gutta percha and

R
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enclosed in metallic tubes, existing between London and Manchester.
These wires, when all connected together, offered a series of above
1,500 miles, which as the duplications return to London could be
observed by one experimenter at intervals of about 400 miles, by the
introduction of galvanometers at these returns. When the whole
1,500 miles were included, it required two seconds for the electric
stream from a pole of the battery to reach the last instrument; and
when the battery was cut off, the last galvanometer showed that a
current was flowing on to the end of the wire, whilst there was none
flowing in at the beginning. Again, if a short touch was made of the
battery pole against the first galvanometer, it could be deflected, and
could fall back into its neutral condition before the electric power
had reached the second galvanometer, which in its turn would be for
an instant affected, and then left neutral before the power had
reached the third, &ec.; a wave of force having been sent into the
wire which gradually travelled along it, and made ifself evident, at
successive intervals of time, in different parts of the wire. It was
even possible, by adjusted touches of the battery, to have two simul-
taneous waves in the wire, following each other, so that at the same
moment that the last galvanometer was affected by the first wave, the
first or second instrument was affected by the second wave. It was
possible also to cause two currents to flow in oppogite directions
from each extremity of the wire, while no current was going into it
from any source, or by a quick contact between the battery and the
first galvanometer, to cause a current to enter into, and return out
of, the wire at the same place, without any sensible part of it
travelling onwards to the other extremity.

(818) The effects above described depend upon lateral induction,
and are mecessary consequences of the principles of conduction,
insulation, and induction, three terms which, according to Faraday’s
view, are in their meaning inseparable from each other (39—82). In
the subterraneous or submerged wire, the induction consequent upon
charge, instead of being exerted almost entirely at the moment within
the wire, is to a very large extent determined externally ; and so the
discharge or conduction being caused by a lower tension, therefore
requires a longer time.

(819) It is this lateral induction of the wire carrying a current
which has occasioned such discrepancies in the measurements
of the velocity of Electricity as given by different experimenters.

Miles per second.
Thus Wheatstone (154), with copper wire, made it. . . 288,000
* Walker, in America, with telegraph iron wire . . 18,780

* Liebig and Kopp’s Report, 1850 (Translated), p. 168.
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Miles per second.
* 0’ Mitchell, in America, with telegraph iron wire 28,524
* Frizeau and Gonnelle, copper wire . . . ... .. 112,680
EINto 1yt IPOM WITO o o v oo o s o & 62,600
+A.B.G., copper, London and Brussels telegraph . 2,700
+ Ditto, copper, London and Edinburgh telegraph 7,600

But in regard to the long eircuits operated within the above experi-
ments, the conducting power of the wires cannot be understood
whilst no reference is made to their lateral static induction, or to the
conditions of intensity and quantity which then come into play;
especially in the case of short or intermitting currents; for then
static and dynamic are constantly passing into each other.

(820) The following striking proof of the variations of the con-
duction of a wire by the variation of its lateral static inductions was
shown by Faraday in the lecture at his Royal Institution (Jan. 20,
1854), in which these associated cases of current and static effects
were first described. A long copper wire, having at the end m a
metal ball, was insulated in the air; its end e con- Fig. 129.
nected with the earth, and the part near = and e /‘\
brought within half an inch of each other at s;
then an ordinary Leyden jar being charged suffi-
ciently, its outside connected with e, and its inside
with m, gave a charge to the wire which, instead
of traversing wholly through it, though it be so
excellent a conductor, passed in large proportion
through the air at s as a bright spark; for with
such a length of wire the resistance in it is accu-
mulated until it becomes as much or perhaps even
more than that of the air for Electricity of such
high intensity. This is an old experiment. It
was varied by Faraday by adjusting the interval at
$, so that the spark just freely passed there, and
then connecting » and o with the inside and outside of an insulated
Leyden jar, the spark now never appeared at s, though when the jar
was away it could be made to appear twenty times without a single
failure. The reason was, that in consequence of the lateral induction
momentarily allowed by the interposition of the jar between the side
wires, the intensity was lowered, and the quantity of Electricity
though always the same, was not enough to strike across the interval
at s, but was finally oceupied altogether in the wire, which in a little
longer time than before effected the whole discharge.

7Y

* Liebig and Kopp’s Report, 1850 (Translated), p. 168.
+ Athenmum, January 14, 1854, p. 54.
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(321) Beautiful illustrations and records of the facts above stated
were obtained by Mr. Clarke with a Bain’s printing telegraph. The
pens, three in number, were iron wires, under which there was made
to pass by machinery a band of paper moistened with solution of
ferro-cyanide of potassium, and thus regular lines of Prussian blue
were produced whenever the current was transmitted, and the line of
the current was recorded. The following experiments were made:
the three lines were side by side, and about 0'1 of an inch apart.
The pen m belonged to a circuit of only a few feet of wire, and a
‘separate battery: it told whenever the contact key was put down by
the finger; the pen # was at the earth end of a long ar wire, and
the pen o at the earth end of a long swbterrancous wire, and by
arrangement the key could be made to throw the Electricity of the
chief battery into either of these wires, simultaneously with the
passage of the short cireuit current through the pen m. When the
pens m and » were in action, the m record was a regular line of equal
thickness, showing by its length the actual time during which the
Electricity flowed into the wires, and the » record was an equally
regular line parallel to and of equal length with the former, but the
least degree behind it, thus indicating that the long air wire conveyed
its electric current almost instantaneously to the further end. But
when pens m and o were in action, the o line did not begin until
some time after the m line, and it continued after the z line had
ceased, i.e., after the o battery was cut off. Furthermore, it was
faint at first, grew up to a maximum of intensity, continued at that
as long as battery contact was continued, and then gradually dimin-
ished to nothing. Thus the record o showed that the wave of power
took time in the water wire to reach the further extremity: by its
first faintness it showed that power was consumed in the exertion of
lateral static induction along the wire; by the attainment of a
maximum and the after equality, it showed when this induction
had become proportionate to the intensity of the battery current; by
its beginning to diminish it showed when the battery current was
off; and its prolongation and gradual diminution showed the time of
the outflow of the static Electricity laid up in the wire, and the con-
sequent regular falling of the induction which had been as regularly
raised.

‘With the pens m and o the conversion of an intermitting into a
continuous current conld be beautifully shown, the earth wire, by
the static induction which it permitted, acting in a manner analogous
to the fly-wheel of a steam engine, or the air-spring of a pump.
Thus when the contact key was regularly but rapidly depressed and
raised, the pen m made a series of short lines, separated by intervals
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of equal length. After four or more of these had passed, then pen o,
belonging to the subterraneous wire, began to make its mark, weak
at first, then rising to a maximum, but always continunous. If the
action of the contact key was less rapid, then alternate thickening
and attenuation appeared in the o record; and if the introductions of
the electric current at the one end of the earth wire were at still
longer intervals, the records of action at the other end became
entirely separated from each other; all showing beautifully how the
individual current or wave, once introduced into the wire, and never
ceasing to go onward on its course, could be affected in its intensity,
its time, and other circumstances, by its partial occupation by static
induction. By other arrangements of the pens # and o, the near end
of the subterraneous wire could be connected with the earth imme-
diately after the separation from the battery, and then the back flow
of the Electricity, and the time and manner thereof, were beautifully
recorded. Many other variations of these experiments were made.

(322) Mr. Faraday concluded the lecture, of which the above is an
abstract, by some observations on the terms intensity and quantity,
terms which, or equivalents for them, cannot, he thinks, be dispensed
with by those who study both the stafic and the dynamie relations
of Electricity. Every current where there is resistance has the static
element and-induction involved in it ; whilst every case of insulation
has more or less of the dynamic element and conduction. The idea
of intensity, or the power of overcoming resistance, is as necessary to
that of Electricity, either static or current, as the idea of pressure is
to steam in a boiler, or to air passing through apertures or tubes,
and we must have language competent to express these conditions
and these ideas. He has never found either of these terms lead to
any mistakes regarding electrical action, or give rise to any false
view of the character of Electricity or its unity ; he cannot find other
terms of equally useful significance with these, or any which, con-
veying the same idea, are not liable to such misuse as these may be
subject to; and, moreover, the present investigation has shown him
their great value and peculiar advantage in electrical language.
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CHAPTER VII.
GALVANIC OR VOLTAIC ELECTRICITY.

Various forms of the galvanic or voltaic battery—Law of Ohm—Wheatstone's
application—The Rheostat.

(828) Galvanic arrangements—Volta’s fundamental experiment.—
Two polished metallic discs, one of copper and the other of zin,
about three inches in diameter, and each provided with an insulating
handle, are brought into contact, holding them by their handles;
they are then separated, especially avoiding friction, and brought
successively into contact with the collecting plate of a condensing
electroscope (92), the zine plate is found to be slightly charged with
positive, and the copper plate with negative Electricity. The charge
from one contact is very feeble, but by repeating the operation eight
or ten times, taking care to discharge the discs each time by touch-
ing them with the finger, a considerable amount of divergence of the
leaves of the electroscope may be produced. The electric effects
thus obtained were considered by Volta to be due to a peculiar
electro-motive force, under which metals, by simple contact, tend to
assume opposite electrical states, and this view has been supported,
in recent times, by a brilliant array of profound electricians, in-
cluding Pfaff, Marianini, Fechner, Zamboni, Matteucci, &ec.; on the
other hand, a powerful mass of evidence against it, and in favour of
the theory that the source of power is chemical action alone, has
been brought by numerous equally distinguished savans, including
Fabroni, Wollaston, (Ersted, Becquerel, De la Rive, Schoenbein,
Faraday, Grove, &. We shall endeavour, in a future chapter, to
present an unbiassed view of both sides of this interesting philoso-
phical question.

(824) It has been shown by Mr. Grove (Elect. May. vol. 1., 57),
that Volta’s experiment is equally successful if the contact is pre-
vented by the interposition of a circle of card, and he conceives the
action between the discs to be somewhat similar to that which oc-
casions a coin, when allowed to remain for some time on a polished
plate, to leave behind it on the metal a faint picture, viz., to a radia-
tion between the metals, on account of difference in temperature,
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whereby a chemical disturbance takes place. It is true, that to this
experiment some objections have been raised. - It has been urged,
that the mere interposition of a rim of paper may not have prevented
actual metallic contact in those portions of the discs that were not
protected ; others have assumed, that the exciting cause is the frie-
tion produced by the pressure of the dises against the paper. Mr.
Gassiot has, however (Phil. Mag., Oct.. 1844), repeated the experi-
ment in the following unexceptionable manner: two plates, one of
copper and the other of zine, four inches: in diameter, were attached
to the insulated pillars of his micrometer electrometer (Phil. Trans.
1840, p. 185) ; the plates were carefully approximated to about t3sth
of an inch. 'When thus adjusted, a copper wire was attached to each
of the plates and also to the dises of the electroscope, which were
fixed at about 4th of an inch apart; the leaf of the electroscope was
raised, so as to allow it to swing clear of the two dises, and when not
excited, to remain equidistant from each: thus arranged, the appa-
ratus is ready for the experiment. ‘With one hand the experimenter
holds a Zamboni’s pile (337), so as to have one of its terminals
within about an inch of the glass plate er cap of the electroscope,
and with his other hand he separates the plates: immediately on
separation the terminal of the pile is brought into contact with the
cap of the electroscope, and the leaf will be attracted as follows:—
if touched by the minus terminal of the pile, the leaf of the electro-
scope will be attracted to the dise in connection with the zine plate,
and if by the plus terminal, the leaf will be attracted to that in con-
nexion with the copper plate, which are precisely the same results as
follow the separation after actual contact. These results clearly
show, that decided signs of electrical tension may be obtained without
any metallic contact. ‘

(325) Assuming that the Electricity excited by the contact of the
copper and zinc plates is traceable- to slight chemical action, it is
easy to understand that increase of chemical action
must give rise to increased augmentation of the
electrical force. If we take two plates of different
kinds of metal, platinum and zine, for example,
Figs. 130 and 131, and immerse them in pure
water, touching each other, a galvanic circle will be
formed, the water will be slowly decomposed, its
oxygen becoming fixed on the zinc (the oxidable
metal), and at the same time a current of Electricity
will be transmitted through the liquid to the pla-
tinum, on the surface of which the other element of the water,
namely, hydrogen, will make its appearance in the form of minute

Fig. 130.
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gas bubbles : the electrical current passes back again into the zinc at
the points of its contact with the platinum, and thus a continual
current is kept up: and hence it is called a galvanic eircle. The
moment the circuit is broken by separating the metals, the current
ceases, but is again renewed on making them again touch either in
or out of the water, as shown in the figures.

(326) If we now add a little sulphuric acid to the water, this
effect will be much increased, because, in the
first place, we make the liquid a better con-.
ductor ; and, secondly, because the oxide of zinc
is removed from the surface of the metal as fast
as it is formed, being dissolved by the acid ; and
thus a new and clean surface is continually
B exposed. Tt is particularly to be observed, that
the great increase in the quantity of Electricity
.. generated is to be attributed almost entirely to
" ‘the increased facility afforded for the decompo-
sition of water, and has but little, if anything, to
do with the formation of sulphate of zine; not chemical action
alone, but chemical decomposition being absolutely essential to the
development of current Electricity. The force originates with the
zine, passes in the direction of the arrow through the liquid to the
platinum, and thence back through the wires B C, to the zine. This
is called a simple galvanic circle.

(827) To prove that the wire connecting the platinum and zine
plates is conducting a current of Electricity, we have only to place a
nicely balanced magnetic needle above or below it, and we shall find
that the needle will deviate from the magnetic meridian in obedience
to laws that will be described hereafter ; but, how are we to account
for the singular appearance of hydrogen gas on the platinum? If
we amalgamate the zinc plate, by immersing it in dilute sulphurie
acid, and then rubbing it over with mercury, we shall find that a
mixture of one part of sulphuric acid and ten of water will have no
action .on it while alone; the bright metallic surface will be soon
seen covered with bubbles of hydrogen gas, which will adhere to it
with considerable force, and thus protect it from further action: but
on establishing a metallic communication between the zine and the
platinum, no matter in what manner, or by what circuitous a route,
torrents of bubbles will rise from the latter metal, as if it were
undergoing violent chemical action, while the zine (the metal alone
undergoing change) is oxidized and dissolved tranquilly and without
any visible commotion. It is evident that we cannot explain this
singular phenonenon on chemical grounds alone; but we must con-

Fig. 131.
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sider the transference of the hydrogen to take place by the propaga-
tion of a decomposition through a chain of particles extending from
the zine to the platinum, as in Fig. 182, in which, for the sake of
simplicity, the exciting liquid is sup-
posed to be hydrochloric acid: when
the metallic communication is esta-
blished between the plates, that particle
of hydrochloric acid in contact with
the zine undergoes decomposition, its =
chlorine combining with the metal, and E“e
its hydrogen displacing and combining £
with the chlorine of the second particle, = .
the hydrogen of which combines with the chlorine of the third, and
80 on, till the platinum plate is reached, against which the hydrogen
of the last particle of decomposed hydrochloric acid is evolved in a
gaseous form, because it can find no particle of chlorine to combine
with, and because it cannot enter into chemical union with the
platinum. These changes and interchanges are precisely similar
when dilute sulphuric acid is employed, substituting oxygen and
hydrogen (from decomposed water) for chlorine and. hydrogen ; for,
as we have already stated, the formation of sulphate of ziuc has little,
if anything to do with the business, it being to the decomposxtlon of
water that the effects are to be aseribed.

(328) Now there is nothing in the appearance of the liquid be-
tween the plates which would indicate the transfer of the disunited
elements above alluded to; and the vessel which contains the acid
may be divided by a diaphragm of bladder or porous earthenware,
and the plates placed on each side of it, without interfering much
with the general result. The force must be conceived to travel by a
species of convection, and Mr. Daniell has offered the following illus-
tration, to assist us in forming a first notion (Introduction to Che-
mical Philosophy, p. 418).

“When a number of ivory balls are freely suspended in a row, so
as just to touch one another, if an impulse be given to one of the
extreme ones, by striking it with a hard substance, the force will be
communicated from ball to ball without disturbing them, till it
reaches the more distant, which will fly off under its full influence.
Such analogies aré but remote, and must not be strained too far;
but thus we may conceive that the force of affinity receives an im-
pulse in a certain direction, which enables the hydrogen of the first
particle of water, which undergoes decomposition, to combine mo-
mentarily with the oxygen of the next particle in succession: the
hydrogen of this again with the oxygen of the next; and so on, till

Fig. 132.
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the last particle of hydrogen communicates the impulse to the
platinum, and escapes in its own elastic form.”

(329) But it is not in the exciting liquid alone, that this remark-
able transfer of elements takes place; the same power is propagated
through the wire which connects the platinum and zine plates
together. To prove this, let the wire be divided in the middle, and
having attached to each end a long slip of platinum foil, let each be
immersed in a glass jar containing hydriodic acid; in a few seconds
todine will appear on that slip of foil which is in connection with the
platinum plate and hydrogen gas on the other; so that, supposing a
decomposing force to have originated in the zine plate, and circulated
through the exciting acid in the jar to the platinum, and onwards
through the wires and the hydriodic acid back to the zine: then the
hydrogen of the hydriodic acid followed the same course, and dis-
charged itself against the slip of platinum foil in eommunication with
the zine.

(330) It does not require two metals to form a galvanic circle, or
even two different liquids, if other conditions are attended to. A
current is established when a zine plate is cemented into a box, and
acted upon on one side by diluted acid, and on the other by solution
of common salt; or, by acting on both sides by the same acid, one
surface being rough and the other smooth, a communication being of
course established between the two cells. Common zinc affords a
good illustration of a simple galvanic circle: this metal usually con-
tains about one per cent. of iron mechanically diffused over its sur-
face. On immersion into diluted sulphuric acid, these small particles
of iron and zine form numerous voltaic cireles, transmitting the cur-
rent through the acid that moistens them, and liberating a large
quantity of hydrogen gas.

(881) An important fact, of which a beautiful practical application
wag proposed by Davy, was early observed:—In proportion as the
contact of two metals in an acid or saline solution increases the
affinity of one of them for one element of the solution, it diminishes
the liability of the other metal to undergo change. Thus when zine
and copper are united in diluted acid, the zinc is acted upon more
and the copper less than if they were immersed separately. A sheet
of copper undergoes rapid corrosion in sea-water, the green oxy-
chloride being formed; but if it be associated with another metal
more electro-positive than itself, such as zine, it is preserved, and the
zinc undergoes a chemical change. Davy found that the quantity of
zine requisite to effect a complete preservation of the copper was
proportionably very small. A small round nail will preserve forty or
fifty square inches, wherever it may be placed; and he found, that
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with several pieces of copper connected by filaments, the fortieth of
an inch in diameter, the effect was the same. Sheets of copper, pro-
tected by % and 35 part of their surface of zine, malleable, and
cast-iron were exposed during many weeks to the flow of the tide in
Portsmouth harbour, their weight, both before and after the experi-
ment, being carefully noted. When the metallic protector was from
% to 13, there was no corrosion or decay of the copper; with z3+
to 5 there was a loss of weight: but even 1w part of cast-iron
saved a portion of the copper. Davy hoped to apply this principle
to the preservation of the copper sheathing of ships; but unluckily
it was found, that unless a certain degree of corrosion take place in
the copper, its surface becomes foul from the adhesion of sea-weeds
and shell-fish. ~ The oxy-chloride, formed when the sheathing is un-
protected, acts probably as a poison to these plants and animals, and
thus preserves the copper free from foreign bodies, by which the
sailing of the vessel is materially retarded. M. Reinsch proposes
(Jakrb. fiir Praké. Pharm. vii. p. 94) to cover the copper sheathing
of vessels with a thin layer of arsenic in the moist way. This coating
would cost very little, would not be acted upon by the salt water,
and would prevent smollusca from adhering to the bottom of the
vessel as effectually as verdigris.

(332) There are many modifications of the simple galvanic circle ;
the original cylindrical battery, Fig. 183, consists of a double cylinder
of copper closed at the bottom to contain the Fig. 133.
acid, and a similar but smaller cylinder of zin,
which is kept from touching the sides of the
copper, by pieces of cork; both are furnished with
wires terminated by caps to contain mercury for
the convenience of making and breaking the
circuit. The quantity of Electricity set in motion
by these simple circles, when on a large scale,
is very great, though the intensity is very low,
No physiological effects are experienced when
the body is included in the circuit, nor is water decomposed their
heating powers are, however, so great, that they were called by Dr.
Hare calorimotors. An arrangement on a very extensive scale was
made at the Royal Institution, under the direction of Mr. Pepys,
Fig. 184. A sheet of zinc, and one of copper, were coiled round
each other, each being sixty feet long and two feet wide: they were
kept asunder by the intervention of hair ropes, and suspended over a
tub of acid, so that by a pulley, or some other simple contrivance,
they could be immersed and removed. About fifty gallons of dilute
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Fig. 134, acid were required to charge this battery,
] and when it is stated that a piece of platinum
! 51 wire may be heated to redness by a pair of
m”m plates, only four inches long and two broad,
the calorific power of such an arrangement as
the above may be imagined to have been
immense. The energy of the simple circle
depends on the size of the plates, the inten-
sity of the chemical action on the oxidable
metal, the rapidity of its oxidation, and the
speedy removal of the oxide.

(833) In order to increase the intensity of
the electrical current, with a view to the
exhibition of its chemical and physiological
effects, we increase the number of the plates ;
an arrangement of this sort is called the
compound voltaic circle: it was the invention of Volta, and is
hence called the voltaic pile. Now, the guantity of Electricity
obtained from the voltaic pile is no greater than that from a single
pair of plates, it is its ¢néensity alone that is increased ; an important
fact which has received much elucidation from the important labours
of Faraday.
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(334) The original instrument of Volta is shown
in Fig. 185. It consists of a series of silver and
zinc, or of copper and zinc plates, arranged ome
above another, with moistened flannel or paste-
board between each pair. A series of thirty or
forty alternations of plates, four inches square, will
cause the gold leaf electroscope to diverge: the
zine end with positive, and the silver end with
negative Electricity, a shock will also be felt on
touching the extreme plates with the finger, when
moistened with water. This latter effect is much
increased when the flannel or pasteboard is moist-
ened with salt and water; in this case a small
spark will be seen on bringing the extreme wires
into contact, and water will be decomposed: from
this we learn that the increase of chemical action
by the addition of the salt, materially increases the
quantity of Electricity set in motion; but the pile
will not in any sensible manner increase the di-
vergence of the gold leaves,—its infensity, therefore, is not materially
augmented.

Fig. 135.
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(335) An electric pile was constructed by De Luec, from which
much useful information respecting the direction of the electric
current in these cases of excitation may be derived. This instrument
consists of a number of alternations of two metals, with paper inter-
posed: the elements may be circular dises of thin paper, covered
on one side with gold or silver leaf about an inch in diameter, and
similar sized pieces of thin zine foil, so arranged that the order of
succession shall be preserved throughout, viz., zine, silver, paper,
zine, silver, paper, &c. About five hundred pairs of such discs,
enclosed in a perfectly dry glass tube, terminated at each end with a
brass cap and screw to press the plates tight together, will produce
an active column. The late intelligent electrician, Mr. Singer, con-
structed a dry pile on a much more extensive scale. It consisted of
twenty thousand series of silver, zine, and double dises of writing-
paper: it was capable of diverging with ball electroscopes, and by
connecting one extremity of the series with a fine iron wire, and
bringing the end of this near the other extremity, a slight layer of
varnish being interposed, a succession of bright sparks could be pro-
duced, especially when the point of the wire was drawn lightly over
the surface. A very thin glass jar, containing fifty square inches of
coated surface, charged by ten minutes’ contact with the column, had
power to fuse one inch of platina wire 5% of an inch in diameter.
It gave a disagreeable shock, felt distinetly in the elbows and
shoulders, and by some individuals across the breast. The charge
from this jar would perforate thick drawing-paper, but not a card.
It did not possess the slightest chemieal action, for saline com-
pounds tinged with the most delicate. 'vegetable colours underwent
no change, even when exposed for somedays to its action.

(336) On examining the electrical state of the dry electric column,
it is found to resemble that of a conductor under induction: in the
centre it is neutral, but the ends are in opposite electrical states;
and if one extremity be connected with the earth, the Electricity of
the opposite end becomes propor- Fig. 136.
tionally increased: the zine ex-
tremity is positive, and the silver
or gold extremity megative: as
may be proved by laying the
column on the caps of two gold
leaf electroscopes in the manner
shown in Fig. 136, the leaves will
diverge with opposite Electricities:
if a communication be made be-
tween the instruments by a
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metallic wire the divergence of the leaves will cease, but will again
be renewed when such communication is broken. It is better to
employ, in these experiments, an electroscope in which the gold
leaves are suspended singly, as shown in Fig. 187, and so arranged as to
Fig. 137. admit of their being brought nearer to or carried
' further from each other. If in such an instru-
ment the leaves are adjusted at a proper distance
from each other, and the wire from which one is
suspended connected with the zinc end, and the
wire from which the other is suspended con-
nected with the silver end of the column, a kind
of perpetual motion will be kept up between the
leaves ; for, being oppositely excited, they will
attract each other; and having by contact neu-
tralized each other, they will separate for a
moment, and again attract and separate as before. If both silver
ends, or both .zine ends of two columns are connected with the two
gold leaves a continued repulsion will be kept up between the leaves,
they being then similarly electrified.

(837) A variety of amusing experiments has been devised, de-
pendent upon this curious property of De Luc’s column. Thus a
small clapper may be kept constantly vibrating between two bells.
This was the contrivance of Mr. Forster, who constructed a series of
fifteen hundred groups, and by its continued action kept up the
vibrations of the pendulum for a very long time. 'With twelve hun-
dred groups, arranged by Mr. Singer, a perpetual ringing during
fourteen months was kept up. We are informed by Mr. Singer, that
De Luc had a pendulum which constantly vibrated between two
bells for more than two years. A convenient modification of De
Luc’s column was contrived by Zamboni, by pasting on one side of a
sheet of paper finely laminated zine, and covering the other side with
finely powdered black oxide of manganese. On cutting discs out of
this prepared paper, and piling them upon each other to the number
of 1000, taking care to press them together, a little pile is obtained,
capable of diverging the gold leaves of the electrometer to the
extent of half an inch. Mr. Gassiot describes (Phil. Trans. 1839)
an arrangement which he has constructed, consisting of a series of
10,000 of Zamboni’s piles. With this arrangement, he charged a
Leyden battery to a considerable degree of intensity, and obtained
direct sparks of % of an inch in length. He ultimately succeeded in
obtaining chemical decomposition of a solution of iodide of potas-
sium, the iodine appearing at the end composed of the black oxide of
manganese.

o
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(338) Philosophers are divided in opinion respecting the source of
the electric charge of the “dry pile,”” some supposing it due to the
contact of the metals, while others trace it to the contact of the zine
with the small portion of moisture which is contained in the paper in
its common hygrometric state. It is certain that a degree of mois-
ture is indispensable to the action of the instrument; for the Elec-
tricity disappears altogether when the paper discs have lost their
humidity by spontaneous evaporation, and the zinc becomes slowly
corroded in the course of years; its charge appears to be altogether
one of intensity, and after discharge requiring an interval of time for
renewal. It is not improbable that the state of the atmosphere is in
some way connected with the phenomenon, for the motion of the
pendulum is subject to much occasional irregularity. De Luc and
Mr. Hausman both observed that the action of the column was
increased when the sun shone on it; but they conceived that the
effect was not due to the heat of the sun’s rays, because it was found
that an instrument put together after the parts had been thoroughly
dried by the fire had no power whatever, but that it became effi-
cacious after it had been taken to pieces, and its materials had
remained exposed all night to the air from which the paper imbibed
moisture. Mr. Singer, however, remarks, that the power of the
column is increased by a moderate heat, as his apparatus vibrated
more strongly in summer than in winter, and the electrical indica-
tions were stronger when there was a fire in the room. Care should
be taken not to allow the ends of the column to remain for any
length of time in contact with a conducting body; for, after such
continued communication, a loss of power will be perceived. When,
therefore, the instrument is laid by, it should be insulated ; and if it
had previously nearly lost its action, it will usually recover it after
arest of a few days. The application of the dry pile to the electro-
scope has been already alluded to (52).

(339) When a series of some hundred couples of zine and copper
cylinders are arranged voltaically, and charged with common water,
a battery is obtained, the Electricity of which is of a high degree of
intensity, resembling that of the common electrical machine ; indeed,
by connecting the extremities of such an arrangement with the inner
and outer coatings of a Leyden battery, it becomes charged so in-
stantly that almost continuous discharges may be produced. An
extensive series of the water-battery was constructed by Mr. Crosse,
and the phenomena which it exhibited were of a very interesting
character. It consisted of 2500 pairs of copper and zinc cylinders,
most of which were enclosed in glass jars: they were all well insu-
lated on glass stands, and were ranged on three long tables, well
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protected from dust and from the light,—a situation which expe-
rience has shown Mr. Crosse to be most favourable for this peculiar
form of the voltaic battery.

340) The fo]lowmg were some of the results obtamed from this
battery :—80 pairs afforded a slight spark, sufficient to pierce the
cuticle of the lip, the hand making the communication being wetted ;
—130 pairs opened the gold leaves of the electrometer about half an
inch ;—250 pairs caused the gold leaves to strike their sides;—400
pairs gave a very perceptible stream of Electricity to the dry hand,
making the connection between the poles, the light being very
visible ;—500 pairs occasioned that part of the dry skin which was
brought in contact to be slightly cauterized, more especially at the
negative side ;—1200 pairs gave a constant small stream of the fluids,
between two wires or two pieces of tin-foil, placed y3s of an inch
apart, such wires or pieces of foil not having been previously brought
into contact. This stream, when received by the dry hands, was
exceedingly sharp and painful. A pith-ball, 2 inch in diameter, sus-
pended by a silk thread, vibrated constantly between the opposite
poles: 1100 pairs produced this latter effect. If the foot of a gold
leaf electrometer was connected with one of the poles, and the hand
of another person connected with the other pole brought over the
cap of the instrument, even when held at several inches’ distance,
the leaves struck their sides. Again, if the cap of the same elec-
trometer was connected with either pole of the battery of 1100 pairs,
the opposite pole not being connected with the jfoot of the instrument,
the leaves continued to strike the sides. This latter is a proof of the
great waste occasioned by the imperfect insulation of the cylinders.
A much more powerful effect would be produced by a superior insu-
lation :—1600 pairs of cylinders produced the above effects in a much
greater degree. In a tolerably well insulated battery every ad-
ditional ten pairs after the first 100 produce an evidently increased
effect ; and after 1000 pairs, the next 100 constitute a much greater
addition to their power than one might promiscuously have imagined.
‘With 1600 pairs the stream between two wires not previously brought
into contact was very distinet ; the light, however, was not great ; the
stream was of great intensity, but of small diameter. The method
adopted by Mr. Crosse for exhibiting this interesting experiment is
this :—he takes a small glass stick, and ties on it with waxed thread,
very securely, two wires of platina, with the two extreme ends ready
to be plunged into two cups of mercury connected with the opposite
poles of the battery : the two other ends of the wires are brought to
the distance of about t35 of an inch from each other. The moment
the connexion is made with the poles of the battery, a small stream
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of fire takes place at the interval between the wires, which may be
kept up for many minutes, nor does it appear inclined to cease. This
experiment never fails; though with a much greater number of
plates, each pair not bemg separately insulated, it would never
succeed.

The light between charcoal points, even with the whole series, was
feeble, there was no flame nor even approach to it : the conducting
power of the water used in the cells being inadequate to transmit
a sufficient current to produce great light and heat, even supposing
such current to have been excited. Mr. Crosse has, however, a
water battery, consisting of eighty pairs of very large cylinders,
which gives very brilliant sparks between two points of charcoal
when rubbed together.

(341) When the opposite poles of the 2 ,400 pairs were connected
with the inner and outer coatings of a large electrical battery,
containing 73 feet of surface, a continual charge was kept up, each
discharge being attended with a loud report, heard ata considerable
distance. FEach of these discharges pierced stout letter-paper, and
fused a considerable length of silver leaf, which it deflagrated most
brilliantly, attended with loud snappings of light, more than a -
quarter of an inch in length. Platinum wire was fused at the
extremity, and the point of a pen-knife was soon demolished. Light
substances were attracted a distance of°some inches and repelled
again: the physiological effects would undoubtedly be exceedingly
violent ; we have not, however, heard that any person has yet
ventured to experience them.

(342) To avoid the trouble of using this large electrical battery,
Mr. Crosse constructed one of mica. It is made in the following
manner :— Seventeen plates of thin mica, each five inches by four,
are coated on both sides to within half an inch of the edge with
tin-foil, and let into a box lined with glass, with a glass plate
between each mica plate. Slips of tin-foil are pasted to each side
of each plate of tin-foil, of which all those connected with the lower
ones are brought together at the extremities furthest from the
plate, and pasted to one end of the interior of the box; whence,
by a tin-foil communication, a connection is' made with a brass
stem, secured to the outside of the box. This represents what
may be called the outer coating of the battery, and is capped with
a ball. The remaining strips of tin-foil or those connected with
the upper surface of each plate, are brought together at the other
end of the interior of the box, and turned back upon the tin-foil
or upper part of the top plate. A brass plate, three inches square,
is then laid flat upon those combined slips, a cover is fitted on
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the box with screws, and a glass tube carrying a brass stem, passing
through it and the cover, is fixed in the centre of the cover: such
stem being cut at the lower part info a screw, which passes through
a female screw cut in a cap, cemented to the lower end of the
glass tube within the cover, pressing on the brass plate. The
upper part of the stem passes through a cap on the top of a glass
tube, and is terminated with a brass ball, and may be termed the
inner coating of the battery. By screwing the stem a perfect
contact is made between this ball and all the upper surfaces of
the mica plates. The two balls are placed on the same level, and
a brass wire of <5th inch diameter passes horizontally through the
ball of the outer coating, cut into a screw to meet a similar one
passing through the opposite ball. These wires are furnished with
fine platinum points, and can be brought into contact, or made to
recede at pleasure. A micrometer screw may be attached. By
means of holes made ‘in the opposite stems, the mica battery may
be connected by wires with the opposite poles of a voltaic battery,
and the striking distance accurately measured between the points.
(343) The whole arrangement will be understood by inspecting

Fig. 138. A, is a sectional view of a dry wooden box, lined with
Fig. 138.

=C

glass, containing the plates of covered mica, a plate of window-glass
being interposed between each. B, strips of tin-foil a quarter of
an inch wide, each of which has one end pasted to the tin-foil under
each mica plate, and the other end brought to the bottom of the
box, and secured together by paste, and attached by a conducting
communication of metal to the rod C C. D, similar strips having
one end pasted to the tin-foil over each mica plate, and the other
ends turned back on the upper part of the upper plate. E,E,
a thin brass plate three inches square, placed horizontally on the
combined ends of the strip. F, a glass tube, capped at each end,
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passing through the cover of the box G. Through this tube passes
a brass screw, the lower end of which presses on the brass plate
E, E, the upper end bearing the brass ball H. I, a brass ball,
capping the stem C, C. Both H and I are pierced by the horizontal
wires K, I, placed on the same level, cut into screws; and having
each a platinum point at one end, and a nut at the other. In each
of the upright stems immediately under the balls, is a hole drilled
to receive the wires of communication M, N.

(344) The peculiar merits of this apparatus consist in its com-
pactness, and its not being liable to injury from damp. When
charged to a certain extent the shock is surprisingly painful, and
i equivalent in power to many superficial feet of common coated
glass. It is not calculated to be charged to a high intensity, as
in such case the thin plates of mica would be pierced. Connected
with the water battery, the following results were obtained by
Mr. Crosse:—three pairs of cylinders produce light: twenty pairs
produce a stream of light: 200 pairs produce a stream of scintilla-
tions, by drawing fine iron-wire over the lacquered knob of the mica
battery : 300 pairs fire gunpowder: 500 pairs give a smart shock to
the dry hands: 1200 pairs give a shock not easily borne,—felt across
the breast and shoulders, and cause a constant stream of light to
pass between two wires § of an inch apart, in an exhausted glass
globe of four inches diameter, that globe being faintly but visibly
illuminated over the whole of its interior during the experiment :
1600 pairs give a shock perfectly insupportable, which nearly
knocked a person down who received it..

(345) Shortly after the above account of the performances of his
water-battery was published by Mr. Crosse, the author constructed
a series of 500 pairs of cylinders, each equal to a five-inch plate;
they were placed in green glass tumblers, insulated with the greatest
care, and placed in a cupboard furnished with folding doors, to
keep out the dust and to diminish evaporation. This battery, which
continued in almost uninterrupted action for upwards of two years,
gave very powerful shocks when the terminal wires were grasped
with the moistened hands, and when the positive wire was held in one
hand, and the dry knuckle brought into contact with the binding-
serew attached to the negative, a spark was obtained, and a small
blister raised on the cuticle; a spark was also obtained between
the knuckles of two persons touching, respectively, the positive
and negative terminations, and bringing their knuckles into contact.
This battery had very slight decomposing power: the emission of
gas from platinum points in acidulated water was not so great from
the whole series of 500 as from 100, and from 100 not so great as

a 9
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from 40; this was evidently occasioned by the great resistance
which the current had to encounter from the bad eonducting power
of the water with which the battery was charged; a resistance
which it could not overcome, and consequently by far the greater
portion of the Electricity. generated was checked in its passage,
while the small quantity that passed was brought to a high state
of intensity. The spark obtained on bringing the ends of the
terminal wires into contact was small, but brilliant, and when the
ends were placed within the flame of a large candle the phenomena
were very beautiful, the carbon being deposited in:an arborescent
form, and with great rapidity on the positive wire: while on the
negative wire it was thrown down in much less quantity, though
in a more ¢ompact form; oceasionally, indeed, filaments started
from the’ latter like the quills on the back of a porcupine. We
have seen few more beautiful ‘experiments than this,—it was first
made by Mr. Gassiot; the carbon on the positive wire assumes the
form of every variety of ‘tree and shrub, some particles starting
up into the lengthened form of the poplar, whilst others spread
laterally, assuming the appeardnce of fern: in less than a minute
the flame .of the candle becomes darkened by the quantity of pre-
eipitated solid matter, which, as long as both ‘wires yemain in the
flame, goes on increasing. Occasionally -the carbon on the wires
comes into contact,—when a bright spark is seen, and the arbo-
rescent appearanece for a moment vanishes. When the finely divided
carbon on the wires is brought into contact ouwt of the flame, the
spark is exceedingly brilliant, and four ‘or five times as large as
the spark from the clean wires, especially when kof; a snap also
i heard. :

(346) Connected with a mica battery (consisting of twenty plates
of mica, each four inches sguare), 100 pairs scintillated iron wire,
and gave a pretty strong shock, the whole series ‘gave a brilliant
spark, accompanied by a pretty loud snap, and a powerful shock:
it caused brilliant scintillations of iron-wire, deflagrated gold, silver
and copper leaf, and exploded gunpowder ; it also charged a Leyden
battery, containing about twelve square feet of glass, sufficiently
high to give unpleasant shocks. '

By soldering the terminal wires to two copper plates, about two
inches square, and fixing them upright on a turned mahogany frame,
under a glass shade, perpetual vibration of a pith-ball # of an inch
in diameter, suspended by a filament of silk, was kept up rapidly
between the plates, placed } of an inch apart. The motion of the
ball has been kept up unceasingly for a fortnight and three weeks
together.
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(347) A very extensive arrangement of the water battery is
described by Mr. Gassiot (Phil. Trans. 1844). 1t consists of 3520
pairs or series of copper and zine cylinders, each pair being placed
in a separate glass vessel well covered with a coating of lac varnish.
The glass cells are placed on slips of glass covered on both sides
with a thick coating of lac. ‘The 8520 cells, thus insulated, are
placed on forty-four separate oaken' boards, also covered with lac
varnish, each .board carrying 80. cells. The boards or trays slide
into a wooden frame, where they are further insulated by resting
on pieces of thick plate-glass similarly varnished. 'Notwithstanding
these precautions, the insulation .was still imperfeet; nor does
perfect insulation seem attainable for any lengthened period when
such an extended series is employed.

(348) In describing the results obtained with this gigantic battery,
Mr. Gassiot considers the static and the dynamic effects separately.
The static. On connecting the eopper wires from the extreme
cells with the plates @ and b of the double electroscope, Fig. 139, the
condensing plate p being. remeoved, this instantly produces a con-
siderable and steady divergence of the gold leaves; and on applying
the usual tests, the plate b, connected with the copper extremity,
gave signs of vitreous, and a connected with: the zine, of resinous
Electricity. If ¢ was connected with one extremity of the battery,
the other extremity being connected: or not with the ground, the
same general effects occurred; the. divergence of the' leaves cor-
responded with the. connection, and the leaves: of & diverged by
induction ; if in this state b was touched, and then: removed from the
influence of a, it was found charged with the opposite Electricity.

Fig. 139.

AU RO

(349) The assumption of polar tension by the elements con-
stituting the. battery before the circuit was completed was shown
not only by the effect on the leaves of the electroscope when placed
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within two or three iunches of either end of the battery, or over
any of the terminal cells, but by the production of a spark between
the terminal wires through the space of 3;th of an inch. When
the double electroscope (Fig. 189) was included in the circuit, and
the discs « and & closely approximated, the sparks became a stream
of fire, which on one occasion were continued uninterruptedly day
and night for upwards of five weeks. An experimenter standing
on the ground could draw sparks from either terminal.

(350) Dynamic FEffects—TFor testing the presence of what is
usually termed the current, two trays containing 160 cells of the
battery were removed and most carefully insulated ; a very delicate
galvanometer was interposed between the zinc terminal of one tray,
and the copper terminal of the other, but not the slightest deflec-
tion of the needle took place, neither was there the least indication
of the liberation of iodine when a piece of bibulous paper was
saturated with iodide of potassium and substituted for the galvano-
meter; the inference from which is, that there was no definite
chemical action taking place in any cell of the battery, and that
the electric or static effects take place before, or independently of,
the actual development of the chemical effects.

(3851) The following instructive experiments were next made :—
A copper wire attached to the negative end of the battery was
connected with the galvanometer, and this with the plate o of the
double electroscope (Fig. 139). A platinum wire attached to the
positive end rested on a piece of bibulous paper moistened with
iodide of potassium, another wire also resting on the paper was
connected with the plate & of the electroscope. By a mechanical
arrangement the plates could be approximated or separated as
required. On approximating the plates so as to permit sparks to
pass at intervals of about a second, a tremulous motion was imparted
to the needle of the galvanometer, but when they were brought so
nearly in contact as to permit the discharges to take place in quick
succession, the needle was steadily deflected and iodine freely evolved ;
proving that chemical action was taking place in each cell, and that
the current is a collection or accumulation of discharges of Elec-
tricity of tension. . When 820 cells were employed, the greatest
care being taken to insure perfect insulation, not the slightest
evidence of any chemical action taking place in the cells could be
obtained previous to completing the circuit, although there was
sufficient intensity to elicit sparks through +3sth of an inch.

(352) The following conclusions are deduced by Mr. Gassiot
from his experiment with this extraordinary battery. 1st. That
the elements constituting the voltaic battery assume polar fension
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before the circuit is complete. 2nd. That this tension when exalted
by a series of pairs is such, that sparks will pass between the termi-
nals of the battery before their actual contact. 38rd. That these
static effects precede and are independent of the completion of
the voltaic circuit, as well as of any perceptible development of
chemical or dynamic action. 4th. That the eurrent may be regarded
as a series of discharges of Electricity of temsion succeeding each
other with infinite rapidity. 5th. That the rise of tension in a
battery occupies a measurable portion of time. 6th. That the static
effects elicited from a voltaic series are direct evidence of the first
step towards chemical combination or dynamm action.

(358) It is easy to see that many inconveniences must attach to
the pile of Volta, when the plates are numerous: in addition to the
trouble of building it up, it is frequently rendered comparatively
inactive by the moisture pressed out of the lower part by the weight
of the upper: hence, the substitution of troughs and other arrange-
ments. The most simple of these is Volta’s “ Couronne des tasses,”
shown in Fig. 140, which consists in a row of small glasses or cups,
containing very diluted sul- Fig. 140.
phuric acid, in each of which
is placed a small plate of
copper, about two inches
square, and another similar
sized plate of zine, not
touching each other, but so
constructed that the zine
of the first glass may be
in metallic communication
with the copper of the
second, the zinc of the second with the copper of the third, and so on
throughout the series. By this arrangement, when glasses are
employed, we can see what is going on in each cell: and if the zinc
plates be amalgamated it will be observed that when the wires are
connected, and consequently when a current is passing, all the copper
surfaces rapidly evolve hydrogen gas, while the solution of the zinc
proceeds quietly ; but, that when the connection between the extreme
plates is broken, the evolution of gas ceases. Eighteen or twenty
pairs of plates will decompose acidulated water rapidly, and thirty
will give a distinet shock to the moistened hands.

(854) Another arrangement of the plates is shown in Fig. 141,
where they are represented as fixed in pairs into a trough of wood :
this constitutes Cruickshank’s battery. It is very convenient when
solution of sulphate of copper is used as the exciting agent, which, as
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Dr. Fyfe has shown (L. & E. Phil. Mag. vol. xi. p. 145), increases
the electro-chemical intensity of the electric current, as compared

Fig. 141,

with that evolved by dilute sulphuric acid in the proportion of
seventy-two to sixteen. An important modification was thal sug-
gested by the late Dr. Babington, and shown in Fig. 142: the plates
Fig. 142, of copper and zine, usually
*  about four inches square,
are united together in pairs
by soldering at one point
only ; the trough in which
they are immersed is made
of earthenware, and divided
into 10 or 12 equal portions.
The plates are attached to
a strip of wood, and so
arranged that each pair shall
enlose a partition between
them: by this means the
whole set may be lifted at once into or out of the cells; and thus,
while the fluid remains in the trough, the action of the plates may be
suspended at pleasure, and when corroded, easily replaced. The
piece of wood to which the plates are attached should be well dried,
and then varnished, in order to render it a non-conductor of Elec-
tricity. When several of these troughs are to be united together, it
is necessary to be cautious in their arrangement, as a single trough
reversed will very materially diminish the general effect. Care must
also be taken to insure perfect communication between the several
plates. A battery of two thousand double plates, on this plan, was
constructed several years ago for the Royal Institution; the surface
was one hundred and twenty-eight thousand square inches, and its
power immense.
(355) A great improvement in the construction of voltaic batteries
was made by Dr. Wollaston, in 1815. It consisted in doubling the
copper plate, so as to oppose it to both surfaces of the zinc, as shown
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in Fig. 143. A repre- Fig. 143.

sents the bar of wood to siironmesidalrt i.__é_
which tho plates o NN

screwed; B B B the = A7

H 4 2 /
zinc plates connected /' / ?
with the copper plates / 4247 7

C O C, which are doubled
over the zinc plates.
Contact of the surfaces
is prevented by pieces
of wood or cork placed
between them. Ten or
twelve troughs, on this
construction, form a very
eflicient voltaic battery. :
It appears, from the experiments of Mr. Christopher Binks (Z. & E.
Phil. Mag. for July, 1837), that a still further extension of the
copper would be attended with a considerable increase of power. Ie
remarks that whatever may be the care taken to procure two plates
of zine of an uniform size and thickness, and however alike the
attendant circumstances may be, no two couples will be found to
give the same results in the same time when associated with cor-
responding copper. plates, and acted on by acids in the usual way.
While one plate will lose perhaps ten grains; another, apparently
similar, will lose five or six grains; and another, fifteen or sixteen in
the same time: these differences he finds to be independent of
accidental differences in the distances of the plates from one another :
zine plates he also finds to lose less the first time of immersion than
during the second and ‘third.

 (856) The arrangement shown in Fig. 144 is that of Professor
Hare, of Philadelphia. It combines the advantages of the compound

N

Fig. 144,
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trough and the calorimotor or deflagrator. A voltaic series fixed in
a trough is combined with another trough destitute of plates, and of
a capacity sufficient to hold all the acid necessary for an ample
charge. The trough containing the series is joined to the other
lengthwise, edge to edge ; so that, when the sides of the one are ver-
tical, those of the other must be horizontal. The advantage of this
is, that by a partial revolution of the two troughs, thus united, upon
pivots which support them at the ends, any fluid which may be in
one trough must flow into the other, and, reversing the movement,
must flow back again. The galvanic series being placed in one of
the troughs, and the acid in the other, by a movement such as has
been described, the plates may all be instantaneously subjected to
the acid or removed from it. The pivots are made of iron, coated
with brass or copper, as less liable to oxidizement. A. metallic com-
munication is made between the coating of the pivots and the
galvanic series within. In order to produce a connection between
one recipient of this description and another, it is only necessary to
allow a pivot of each trough to revolve on one of the two ends of a
strap of sheet copper. To connect with the termination of the series
the leaden rods (to which are soldered the vices or spring forceps for
holding the substances to be exposed to the deflagrating power), one
end of each is soldered to a piece of sheet copper. The pieces of
copper thus soldered to the leaden rods are then to be placed under
the pivots, which are, of course, to be connected with the termination
of the series; the last-mentioned connection is conveniently made by

Fig. 145.

means of straps of copper, severally soldered to the pivots and the
poles of the series, and screwed together by a hand-vice. Each pair
consists of a copper and zinc plate, soldered together at the upper
edge, where the copper is made to embrace the edge of the zine.
The three remaining edges are made to enter a groove in the wood,
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being secured therein by cement. For each inch in the length of the
trough there are three pairs. In the series represented in Fig. 144
there are seven hundred pairs of seven inches by three, and in that
shown in Fig. 145, one hundred pairs of fourteen inches by eight.
The latter will deflagrate wires too large to be ignited by the former,
but is less powerful in producing a jet of flame between two charcoal
points, or in giving ‘a shock. Dr. Hare exhibited two of these
batteries at the meeting of the British Association at Bristol in 1836.
Their power was very great in proportion to their size.

(357) A useful ar-
rangement of copper
and zinc plates for a
voltaic battery, the con-
trivance of J. A. Van
Melsen, of Maestricht,
is shown in Fig. 146.
The copper soldered to
the zinc in each pair
envelopes the zine of the
following pair, so as to
be exposed to the two
surfaces of this plate,
but without being in
contact with it. It dif-
fers from Wollaston’s
pile in having the metallic plates much nearer to each other: they
are only about v inch apart, and are maintained thus by small pieces
of cork interposed between the plates of zinc and those of copper,
whilst the plates of copper of the consecutive elements are separated
by squares of glass of the same size as the plates. Fig. 147 repre-
sents two elements of the series. All the pairs are placed in a kind
of wooden frame, Fig. 148, carefully varnished, in which they are

Fig. 146.
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easily retained without its being necessary to attach them by screws
to a bar of wood, as is the case in the Wollaston combination. This
arrangement presents the additional advantage of greatly facilitating
the taking to pieces of the elements. The pairs united in the frame
are at once immeérsed info the acidulated liquid contained in the
trough : the plates of zinc are carefully amalgamated. Van Melsen
describes a battery* on this plan, which he constructed for the
Maestricht University, consisting of 52 pairs, of which the plates of
zinc are 6} inches wide, and 7% inches high. By ifs means a
platinum wire % of an inch thick, and 17 inches long, was reduced
to incandescence with an extraordinary brilliancy, and fell into seven
pieces, at the extremities of which the melted metal arranged itself
in globules. A silver wire 4% of an inch thick, and 15 inches long,
became intensely red, and fell into fragments. An iron wire % of
an inch thick, and 152 inches long, was speedily brought to the most
vivid state of ignition, and was reduced into four pieces, in which, in
many places, the melted iron was gathered into large globules. At
the period of this latter experiment the battery had already been a
long time in action, and was much weakened. When the battery
was first excited, in order to produce a spark, the two slips of
copper which serve as conductors were brought into contact. The
parts in contact became immediately soldered together, so that it
was necessary to employ a certain effort to separate them.

(858) In a series of papers in the Philosophical Transactions for
1836, Professor Daniell describes his “ constant” battery, and the cir-
cumstances which led to its adoption. It has been remarked in the
former part of this chapter that the evolution of hydrogen gas from
the negative metallic surface in the common galvanic battery, greatly
interferes with the development of aeailable Electricity, for a
considerable portion of the Electricity that is actually generated is
probably spent in giving a gaseous form to the hydrogen of the de-
composed water. But besides this, Mr. Daniell found that not only
were the oxides of copper and zinc reduced by the nascent hydrogen
at the moment of its formation, when salts of these metals were pur-
posely dissolved in the fluid of the cells of the battery ; but the oxide
of zine itself, formed at the generating plates, was reduced at the con-
ducting plates, which became ultimately so incrusted with metallic
zine as entirely to destroy the circulating force. The variations and
progressive decline of the power of the ordinary voltaic battery are
thus accounted for, since the transfer of the electro-positive metal
must eventually cause two zine surfaces to become opposed to each

* Proceedings of the Electrical Society, p. 186.
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other, the use therefore of the nitric acid in the battery charge is to
remove the hydrogen by combination. Since, therefore, the hydro-
gen has a two-fold injurious tendency, its absence altogether becomes
a desirable object to effect. In a battery constructed by Mr. War-
ren De la Rue, this was done by the employment of sulphate of cop-
per as the exciting agent, and in the arrangement of Professor
Daniell the same is accomplished, but under circumstances rather
different, as will presently appear. v :
Fig. 149 represents a section Fig. 149.
of one of the cells of Daniell’s ori-
ginal “sustaining” or “constant” l_
battery; a & ¢ d is a cylinder of |
copper, six inches high and three (
and a half incles wide; it is open
at the top a b, but closed at the
bottom, except a collar e f; one ipch
and a half wide, intended for the
reception of a cork, into which a
glass syphon tube g4 ¢ j £ is fitted.
On the top a 6, a copper collar, cor-
responding with the one at bottom,
rests by two horizontal arms. Pre-
viously to fixing the cork syphon
tube in its place,' a membranous s
tube, formed of part of the gullet of an ox,is drawn through the
lower collar e f; and fastened with twine to the upper, Im n 0, and when
tightly fixed by the cork below, forming an internal cavity to the
cell communicating to the syphon tube, in such a way as, that when
filled with any liquid to the level 7 o, any addition causes it to flow
‘out at the aperture k. In this state, for any number of drops
allowed to fall into the top of the cavity, an equal number are dis-
charged from the bottom @, at the top of the zine rod. Various
connections of the copper and zine of the different cells, may be made
by means of wires proceeding from one to the other. In the con-
struction of this battery, Mr. Daniell availed himself of the power of
reducing the surface of the generating plates to a minimum. The
effective surface of one of the amalgamated zine rods, being less than
ten square inches, whilst the internal surface of the copper cylinder
to which it is opposed is nearly seventy-two inches. His prineipal
objects were to remove out of the circuit the oxide of zine, (which has
been proved to be so injurious to the action of the common battery,)
as fast as the solution is formed, and to absorb the hydrogen evolved
upon the copper, without the precipitation of any substance that
might deteriorate the latter.

3
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(359) The first is completely effected by the suspension of the zine
rod in the interior membranous cell, into which the fresh acidulated
water is allowed slowly to drop, from a funnel suspended over it, and
the aperture of which is adjusted for the purpose ; whilst the heavier
solution of the oxide is withdrawn from the bottom at an equal rate
by the syphon tube. 'When both the exterior and interior cavities
of the cell were charged with the same diluted acid, and connection
made between the zine and the copper, by means of a fine platinum
wire, 745 of an inch in diameter, he found that the wire became red
hot, and that the wet membrane presented no obstruction to the
passage of the current.

The second object is obtained by charging the exterior space sur-
rounding the membrane, with a saturated solution of sulphate of
copper, instead of diluted acid; upon completing the eircuit the cur-
rent passed freely through this solution ; no hydrogen made its ap-
pearance on the conducting plate; but a beautiful pink coating of
pure copper was deposited upon it, and thus perpetually renewed its
surface. .

When the whole battery was properly arranged and charged in
this manper, no evolution of gas took place from the generating or
conducting plates, either before or after the connexions were com-
plete ; but when a voltameter was included in the circuit, its action
was found to be very energetic. It was also much more steady and
permanent than that of the ordinary battery, but still there was a
gradual but very slow decline, which Mr. Daniell traced at length to
the weakening of the saline solution, by the precipitation of the
copper, and consequent decline of its conducting power.

(360) To obviate this defect, some solid sulphate of copper was
suspended in muslin bags, which just dipped
below the surface of the solution in the cylin-
ders, which, gradually dissolving as the pre-
cipitation proceeded, kept it in a state of
saturation. This expedient fully answered the
purpose, and Mr. Daniell found tke current
perfectly steady for six hours together. This
arrangement he subsequently improved, by
placing the salt in a perforated colander of
copper, fixed to the copper collar.

Fig. 150 represents a section of this additional
arrangement. The colander with its central
collar, rests by a small ledge upon the rim of
the cylinder. The membrane is drawn through
the collar, and turning over its edge is fastened
with twine. After this alteration, the effective

Fig. 150,

1
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length of the zine rods exposed to the action of the acid was found
to be -no more than four inches and a quarter. (Philosophical
Pransactions, 1836.)

(861) The advantages of this battery over those of the previous
construction are very great ; it secures a total absence of any wear in
the copper ; it requires no nitric acid, but the substitution of materials
of great cheapness, namely, sulphate of copper and oil of vitriol ;
it enables us to get rid of all local action, by the facility it affords of
applying amalgamated zine, and allows the replacement of zine rods
at a very trifling expense ; it secures the total absence of any annoy-
ing fumes; and, lastly, it produces a perfectly equal and steady
current of Electricity for many hours together.

With a battery of twenty cells arranged in a single series, twelve
cubic inches of mixed oxygen and hydrogen gases may be collected
from a voltameter in every five minutes of action, and when they
are first connected in pairs, and afterwards in a series of ten, the
quantity amounts to seventeen cubic inches. Eight inches of pla-
tinum wire, z3s of an inch in diameter, may be kept permanently
red hot by the same arrangement, and the spark between charcoal
points is very large and brilliant.

Mr. Daniell even made it the source of the purest oxygen for
laboratory purposes. To this end he constructed an oxygen cell, by
substituting a plate of platinum for the rod of zine, enclosing it in
the membranous tube, which is closed at the upper end by a glass
tube, bent in a proper form to deliver the disengaged gas, under a
receiver. In this arrangement the hydrogen is absorbed as before,
by the oxide of copper, but the oxygen, to the amount of eighty
cubic inches per hour, is given off from the platinum.

(362) Fig. 151 represents a single cell of the constant Fig. 151.
battery, a cylindrical vessel of porous earth being substi- o §
tuted for the bladder diaphragm, which proved very Jcb 1S
inconvenient on account of its becoming rapidly corroded,
and pierced by the sharp edges of the crystals of metallic
copper, deposited on the copper plate. These porous
jars were, it seems, first employed by -Mr. Dancer,* of
Liverpool, and they are now composed of the thinnest
unglazed biscuit ware, a most excellent material. The
battery, shown in Fig. 151, consists of a cylinder of copper, containing
a tube of biscuit ware, which has a solid rod of zine supported in its
centre ; the cylinder is furnished with a perforated shelf, upon which a
supply of erystals of sulphate of copper is placed, so that the battery
being once charged, will maintain an equal action for many hours.

* Golding Bird’s Elements of Natural Philosophy.
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Fig. 152 represents a set of six
of the above batteries, and Fig.
153 a set of ten large ones, the
copper cylinders being eighteen or
twenty-one inches high, with zine
rods, and porous earthen tubes in
proportion. This forms a powerful
voltaic arrangement, evolving eight
or ten cubic inches of oxygen and
hydrogen gases in the voltameter per minute, and heating to redness
twelve or fourteen inches of fine iron wire. »

A series of thirty célls of the smaller size, six inches high, and
three and a half inches in diameter, forms a very eflicient battery for
the lecture table ; it heats from eighteen inches to two feet of iron-
wire, deflagrates mercury most brilliantly, and burns metallic leaves

-Fig. 153.

vividly. The cells of the sustaining battery must be plentifully
supplied with sulphuric acid, without which the power is but feeble.
Mr. Daniell recommends a mixture of eight parts of water, and one
of oil of vitriol, which has been saturated with sulphate of copper,
for the copper cell, the internal tube being filled with the same acid
mixture without the copper. The porous cells should be well soaked
in dilute sulphuric acid for an hour or two before being used; and
after their removal from the battery they should be repeatedly rinsed,
or allowed to soak for some time in warm water, to dissolve out all
the metallic salt from their pores. If this be not attended to they
will be soon destroyed.
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(863) It was found by Mr. Daniell (Zransactions of the Royal
Society, May 30th, 1819) that the action of the constant battery is
by no means proportional to the surfaces of the conducting hemi-
spheres, but approximates to the simple ratio of their diameters;
and hence, he concludes that the circulating force of both simple and
compound voltaic circuits increases with the surface of the con-
ducting plates surrounding the active centres. On these principles
he constructed a constant battery, consisting of seventy cells, in a
single series, which gave between charcoal points, separated to a
distance of three quarters of an inch, a flame of considerable volume,
forming a continuous arch, and emitting radiant heat and light of
the greatest intensity. The latter, indeed, proved highly injurious
to the eyes of spectators, in which, although they were protected by
grey glasses, of double thickness, a state of very active inflammation
was induced ; the whole face of Mr. Daniell became scorched and
inflamed, as if it had been exposed for many hours to a bright. mid-
summer’s sun. The rays, when reflected from an imperfect parabolic
metallic mirror in a lantern, and collécted into a focus by a glass
lens, readily burnt a hole in a paper at a distance of many feet from
their source. The heat was quite intolerable to the hand held near
the lantern. Paper steeped in nitrate of silver, and afterwards
dried, was speedily turned brown by this light ; and when a piece of
fine wire-gauze was held before it, the pattern of the latter appeared
in white lines corresponding to the parts which it protected. The
phenomenon of the transfer of the charcoal from one electrode to
the other, noticed by Dr. Hare, but first observed by Professor
Silliman, was abundantly apparent; taking place from the zincode
(or positive pole) to the platinode (or negative pole). The arch of
flame between the electrodes was attracted or repelled by the poles
of a magnet, according as the one or other pole was held above or
below it ; and the repulsion was at times so great as to-extinguish
the ﬂame. ‘When the flame was drawn from the pole of the magnet
itself, including the circuit, it rotated in a beautiful mannet.

The heating power of this battery was so great as to fuse with the
utmost readiness a bar of platinum, one-eighth of an inch square;
and the most infusible metals, such as pure rhodium, iridium,
titanium, the native alloy of iridium and osmium, and the native ore
of platinum, placed in a cavity, scooped out of a piece of hard carbon,
freely melted in considerable quantities.

(864) Mr. Gassiot afterwards, with the view of ascertaining the
possibility of obtaining a spark before the circuit of the voltaie
battery is completed, prepared first 160, and then 820 series of the
constant battery in half-pint poreelain cells, excited with solutions of

T
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sulphate of copper and muriate of soda; but although the effects,
after the contact had been completed, were exceedingly brilliant, not
the slightest spark could be obtained. He mentions in his paper
(PHil. Trans. 1840), that having been present at the experiments of
Professor Daniell, above alluded to, he was induced to prepare 100
series of the large constant battery; but although this powerful
apparatus was used under every advantage, and the other effects
produced were in every respect in accordance with the extent of the
elements employed, still no spark could be obtained until the cireuit
was completed : even a single fold of a silk handkerchicf, or a piece
of dry tissue paper, was sufficient to insulate the power of the
battery, though after the circuit had been once completed, it fused
titanium, and heated sixteen feet four inches of No. 20 platinum
wire.

(865) Fig. 154 represents a single cell of Mr,
Smee’s voltaic arrangement, which, considering its
advantages to arise from a mechanical help to the
evolution of the hydrogen gas, he calls the chemico-
mechanical battery. The eircumstances which led
the author to the construction of this admirable
battery, are detailed in a paper inserted in the
16th volume of the L. and E. Phil. Mag. He
observes, that “ the influence of different conditions
of surfaces is a subject which has escaped all
experimenters, which is singular, as many must
have noticed that in a circuit the greatest quantity
of gas is given off at the corners, edges, and points.
Following this hint, a piece of spongy platinum, consisting as if
does of an infinity of points, was placed in contact with amalgamated
zine, when a most violent action ensued, so that but little doubt
could be entertained of its forming a very powerful battery. The
fragile nature of this material precludes it from being thus used, and
therefore it was determined that another piece of platinum should
be coated with the finely divided metal. This experiment was
attended with a similar good result, and the energy of the metal
thus coated was found to be surprising. After a variety of experi-
ments, Mr. Smee found that silver plates were preferable for re-
ceiving the precipitated platinum, and he gives the following
directions for preparing them :—* Bach piece of metal is to be placed
in water, to which a little dilute sulphuric acid and nitro-muriate of
platinum is to be added. A simple current is then to be formed by
zine placed in a porous tube with dilute acid, when, after the lapse of
a short time, the metal will be coated with a fine black powder of
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metallic platinum. The trouble of this operation is most trifling,
only requiring a little time after the arrangement of the apparatus,
which takes even less than the description.”” The cost is about
sixpence a plate, of 4 inches each way, or 32 inches of surface. It
is necessary to make the surface of the silver rough, by brushing
it over with a little strong nitric acid, which gives it instantly a
frosted appearance, and after being washed it is ready for the
platinizing process ; but the finely divided platinum does not adhere
firmly to very smooth metals.

(866) The arrangement of the platinized silver battery will be
immediately understood from the figure. A piece of the platinized
silver has a beam of wood fixed on the top to prevent contact with
the zinc, and is furnished with a binding-serew. A strip of stout
and well amalgamated zinc, varying from one half to the entire width
of the silver, is placed on each side of the wood, and both are held in
their place by a binding-screw sufficiently wide to embrace the zines
and the wood. This arrangement is immersed in a jar or glass, con-
taining dilute sulphuric acid (1 oil of vitriol and 7 water), and not the
slightest effect is produced till a communication is made between the
metals, when it instantly hisses and bubbles, and an active voltaic
battery is obtained. For intensity effects it may be arranged as
an ordinary Wollaston’s battery with advantage, as shown in Fig.
155 ; the plates being raised from, and immersed into, the cells by

Fig. 155.

means of a winding apparatus; or a series of glass tumblers may be
connected together; 10 or 12 form a very efficient battery, having a
very elegant appearance, and well adapted for the lecture table, as
the action in each cell may thus be very clearly seen. On account
of the rapid removal of the hydrogen gas, there is, in this form of
galvanic battery, but little tendency for the zinc to be deposited in a
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metallic state upon the negative metal ; nevertheless, when it is required
in action for a long period, it may be advisable to separate the metals
by a porous earthenware vessel ; or what answers the purpose equally
well, by a thick paper bag, the joinings of which must be effected by
shell-lac dissolved in alcohol. By these means the sulphate of zinc
is retained on the zine side of the battery. It may also be arranged
as a circular dise battery, or as a Cruickshank, each cell being divided
or not by a flat porous diaphragm ; but whatever arrangement is
adopted, the closer the zinc is brought to the platinized metal the
greater will be the power.

In using the chemico-mechanical battery, it is important that no
salt of copper, lead, or other base metal, be dropped into the exciting
liquid, as by that means there is a chance of getting a deposit on the
negative metal, copper in particular is apt to get precipitated, in
which case the platinized silver should be immersed in dilute sul-
phurie acid, to which a few drops of nitro-muriate of platinum should
be previously added, by this process the baser metals are dissolved,
and metallic platinum thrown down.

The platinized silver battery has become a great favourite with the
public; it is simple in its construction, remarkably manageable in
its applications, and elegant in its appearance. It is soon set in
action, and as quickly cleaned and put aside; and although it has
not the constancy of the admirable battery of Daniell, or the won-
derful energy of the battery of Grove, it may be kept in active
opera,tion for six, eight, ten, or more days, when a sufficiency of acid
is supplied to it’; hence, its extensive apphcatlon in the art of electro-
metallurgy.

(367) In a paper read before the Royal Academy of Sciences of
Paris, April 15, 1839, Mr. Grove alludes to the powerful develop-
ment of Electricity which would be occasioned by the combination
of four elements instead of three; as, by this means, we should have
nearly the sum of chemical affinities instead of their difference.” He
then describes some experiments which he considers as possessing a
high interest, as they prove a well-known chemical phenomenon to
depend on Electricity, and thus tighten the link which binds these
two sciences ; and they led to the discovery of a voltaic combination
much more powerful than any previously known. Gold-leaf is well-
known to be unaffected by either nitric or by muriatic acid alone,
though in a mixture of the two acids the metal dissolves. M.
Grove cemented the bowl of a tobacco-pipe (Fig. 156) into the
bottom of a wine-glass; into this he poured pure nitric acid, while
the wine-glass was filled with muriatic acid to the same level ; in this
latter acid two strips of gold-leaf were allowed to remain for an hour,
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at the end of which time they were found as bright as when first
immersed. A gold wire was now made to touch the nitric acid and
the extremity of one of the strips of gold leaf; this was instantly
dissolved while the other strip remained unaltered. Two strips of
gold-leaf were afterwards made the electrodes of a single pair of vol-
taic metals in muriatic acid; the acid was decomposed, and the
positive electrode was dissolved.

(368) The action is evidently this: as soon as the electric cur-
rent is established, both the acids are decomposed, the hydrogen of
the muriatic acid unites with the oxygen of the nitric, and the
chlorine attacks the gold. By the test of the galvanometer, the gold
which was dissolved was found to represent the zinc of an ordinary
voltaic combination; and reasoning on the phenomena, it oceurred
to Mr. Grove to substitute zinc for the gold; and on submitting it
to the test of experiment, he found that a single pair, composed of a
strip of amalgamated zinc, an inch long and a quarter of an inch
wide, a eylinder of platinum, three quarters of an inch high, with a
tobacco-pipe bowl, and an egg-cup, readily decomposed acidulated
water. This little elementary battery is shown in Fig. 156. He
then substituted for the muriatic acid caustic potash, and found the
action equally powerful ; then, sulphuric acid, with four or five times
its volume of water; and, although with this the intensity was a
little diminished, yet, from its exercising less local action on the
zine, he was eventually induced to give it the preference.

Mr. Grove then constructed a small battery, of a circular shape,
consisting of seven liqueur glasses and seven pipe bowls : the diameter
was four inches, the height one inch and a quarter. This pocket
battery gave about a cubic inch of mixed gases in two minutes.

Fig. 157.

Fig. 157 represents a single cell of the nitric acid battery, the zine
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cylinder Z, open at both ends and divided longitudinally, is plunged
into a glass or stoneware vessel containing dilute sulphuric acid, and
the platinum plate P, Fig. 158, which is corrugated to give it greater
surface, is immersed in a porous cell containing common nitric acid.
The sectional diagram, Fig. 159, éxhibits the mode of fitting

Fig. 159.
Fig. 158. - sa o =

up four pairs of zine and platinum foil plates, as recommended by
the inventor. 4 B C D is a trough of stoneware or glass, with
partitions E E E dividing it into four acid proof cells. The dotted
lines represent four porous vessels, of a parallelopiped shape, so much
narrower than the cells as to allow the liquid which they contain to
be double the volume of that which surrounds them; the four dark
central lines represent the zinc plates, and the five lines which curve
under the porous vessels the sheets of platinum foil, which are fixed
to the zinc by little clamp screws. Common rolled zine, about one-
thirtieth of an inch thick and well amalgamated, may be employed.
On the zinc side, or into the porous vessels, is poured a solution of
either muriatic acid diluted with from two to two-and-a-half water,
or, if the battery be intended to remain a long time in action, of
sulphuric acid, diluted with four to five water; and on the platinum
side, concentrated nitro-sulphuric acid, formed by previous mixture
of equal measures of the two acids. The apparatus should be pro-
vided with a cover containing lime, to absorb the nitrous vapour.
Fig. 160 represents a battery of four cells arranged in series, and
the first set of plates, removed from the porcelain trough D, showing
very clearly the arrangement. A & is the bent zinc plate, B the
insulated platinum plate in its porous cell, C the next platinum plate
connected by means of a binding serew with the zinc at a.

(369) On the evening of March 13, 1840, Mr. Grove delivered at
the Royal Institution a lecture on voltaic reaction and polarization,
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Fig. 160.

and afterwards exhibited two batteries, constructed as above de-
scribed. They were charged some time previously to the lecture ;
and up to the period of its conclusion, remained in perfect inactivity,
until the circuit was completed. One of these was arranged as a
series of five plates, and contained altogether about four square feet
of platinum foil: with this the mixed gases were liberated from
water, at the surprising rate of 110 cubic inches per minute. A
sheet of platinum, one inch wide and twelve inches long, was heated
in the open air through its whole extent, and the usual class of
effects was produced in corresponding proportion. With the other
arrangement, consisting of fifty plates, of two inches by four,
arranged in single series, a voluminous flame of one inch and a quarter
long was exhibited between charcoal points, which showed beauti-
fully the magnetic properties of the voltaic arc; and bars of differ-
ent metals were instantly run into globules, and dissipated in oxide.
These surprising effects were produced, it must be remembered, by
a battery which did not cover a space of sixteen inches square, and
was only four inches high. In a paper inserted in the 16th vol. of
the L. and E. Phil. Mag., Mr. Grove describes a battery of thirty-
six elements, each consisting of a square inch of platinum foil and
zinc, and charged with concentrated nitric and diluted sulphuric
acid, of each of which it took a pound, so that for the expense of
about a shilling he could experiment for eight or nine hours without
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fresh charge, with a battery which gave between charcoal points an
arc of light 04 of an inch long. Professor Jacobi states, that he has
readily fused iridium, with a nitric acid battery, after it has been at
work a whole day. With ar'arrangement of 100 pairs of this bat-
tery, the performances are brilliant in the extreme: the flame be-
tween charcoal terminals is exceedingly voluminous, and so brilliant
as to be almost insupportable to the naked eye; upwards of two feet
of stout iron wire are heated to whiteness, and ultimately fused, and
sulphuret of antimony is decomposed, and the metal brilliantly
deflagrated.

(870) The following explanation of the superior power of this
battery is given by Mr. Grove (L. and E. Phil. Mag., vol. xv., p.
289). “In the common zinc and copper battery the resulting power
is as the affinity of the anion * of the generating electrolyte for zine,
minus its affinity for copper. In the common constant battery, it is
as the same affinity plus that of oxygen for hydrogen, minus that of
oxygen for copper: in the combination in question, the same order
of positive affinities minus that of oxygen for azote. As nitric acid
parts with its oxygen more readily than sulphate of copper, resist-
ance is lessened, and the power correlatively increased. 'With regard
to the second material question, that of cross precipitation; in the
common combination, zine is precipitated on the negative metal, and
a powerful opposed force created: in the constant battery, copper is
precipitated, and the opposition is lessened: in this there is no
precipitation, and consequently no counteraction.

“If the operation of the battery be watched, the nitric acid
changes colour, assuming first a yellow, then a green, then a blue
colour, and lastly, becomes aqueous; after some time nitrous gas,
and ultimately hydrogen, is evolved from the surface of the platinum.”

In the paper from which the above extract is taken, Mr. Grove
describes an arrangement of his battery, which, fkeoretically, should
evolve 218 cubic inches of mixed gases per minute, or nearly seven
and a half cubic feet per hour; and, should the period arrive when
Electricity shall supersede steam, and become a means of locomotion,
the form of battery which he describes would probably be the best
that could be devised. The excellent method of economising space,
viz., by erimping the negative metal, was proposed by Mr. Spencer,
of Liverpool: by this means, in a given space, the surface may be
doubled without increasing the mean distance between the metals.

(371) A substitution of carbon for platinum in the nitric acid bat-

* The terms anion, cation, electrolyte, &c., will be explained in the next
chapter.
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tery was introduced by M. Bunsen (Archives de U Electricité, No. 7,
103 ; Pogg. Ann.vol. lv., p. 265). It had often been attempted to
use for this purpose, graphite, and gas carbon, but the excessive
cohesion of these substances, the difficulty experienced in working
them, and still more the impossibility of making them into pieces of
a given form and dimensions, prevented their adoption. Professor
Bunsen, however, succeeded in surmounting the difficulty, by heating
together in proper proportions, a mixture of well-baked coke and pit
coal, both in fine powder. The mixture is heated over a moderate
charcoal fire, in sheet iron moulds, or in the form of hollow cylinders,
by introduecing within the iron mould a cylindrical wooden box, and
filling with the mixture the interval existing between the two walls.
To render the porous mass compact, it is plunged into a concentrated
solution of sugar, and then dried until the sugar has acquired a solid
consistence. It is afterwards exposed, for several hours, to the action
of a very intense white heat in a covered vessel. If discs are required
they are cut out of a cubical block of the prepared earbon, and
polished on a plate of grey stone. Bunsen’s battery has the eylin-
drical form of Daniell’s, Fig. 161. Fach carbon cylinder carries at

Fig. 161,

its upper part a collar of copper, carrying a strip of the same metal,
by which it can be metallically connected by means of pincers with
another metal strap soldered to the zinc cylinder in the adjoining
cell; care must, however, be taken that the carbon eylinder is
sufficiently high, that the part which carries the copper’ ring shall
rise above the glass vessel, and consequently shall in no way come
into contact with the nitric acid. It is difficult, however, to prevent
this in consequence of the porosity of the carbon, and the ring must
therefore be removed and washed every time the battery is used.
The porous earthen cell is placed within the carbon cylinder, in
which is contained the zinc element. A modification of this battery
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was contrived by M. Bonijol (De la Rive’s Treatise, vol. . p. 46, Wal-
ker’s translation). He employs solid cylinders of carbon, in the
tops of which are inserted stout copper rods covered in with a
coating of wax, which prevents the nitric acid from ascending as far
as the copper. In this arrangement the amalgamated zinc cylinder
is outside the carbon, the latter being contained in a porous tube.

According to Bunsen’s experiments with equal surfaces, the powers
of a platinum and carbon battery are nearly equal, and De la Rive says
it is constant for a longer time. According to the experiments of
MM. Liais and Fleury, the diaphragm of the Bunsen battery may
be advantageously suppressed, and when the carbon is porous and
impregnated with nitric acid, the conductibility of the pile is in-
creased five-fold. To keep the carbon thus saturated with acid, it is
surrounded by a glass eylinder, so as to keep an annular space be-
tween, which is filled with nitric acid. The two cylinders are fasten-
ed together at their lower ends with clay or cement; this form of
the nitric acid battery is much used in Germany and France, but
has not found much favour in this country.

(872) In the following series, the metals are arranged according to
their electrical characters, and in the same relation to each other as
zine has to copper, so that any one of them operates as zine to all
those above it, and the more distant from one another any two metals
stand in the series, the greater the galvanic action they will develop.

Platinum. Mercury. Tin.
Gold. Copper. Iron.
Silver. Lead. Zine.

Hence, as we have already seen, a galvanie series of platinum and
zine is more powerful than one of copper and zinc; and the latter
again more powerful than one of lead and zine, &e. It is not, how-
ever, to be understood, that the power of any two metals in the table
depends upon the nwmber of intermediate ones, because a series of
platinum and iron is much feebler than a series of copper and zinc ;
although in the former case there are six intermediate metals, and in
the latter there are only three. Charcoal and plumbago stand higher
in the scale of electric bodies than platinum, so that a galvanic series
of plumbago and zinc is very powerful, as we have just seen. Now,
plumbago or graphite is a combination of iron and carbon, and the
hint was thrown out by Jacobi* that by adding more carbon to
that which usually enters into the composition of cast-iron, we should
probably arrive at a compound whose galvanic properties would be
equal to those of platinum. The object may be obtained by a species

* See his Galvanoplaétic Art,” translated by Mr. Sturgeon, p. 4.
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of cementation, or by re-melting cast-iron with additional carbon in
closed vessels.

(873) This high negative character of carbon enables us to under-
stand how it is that cast-iron and zine form so effective a voltaic
circle, standing as iron and zine do immediately next each other in
the above series. It was Mr. Sturgeon who first formed a large bat-
tery of these metals, (dnnals of Electricity, vol. v.) It consisted of
10 cast-iron cylindrical vessels, and the same number of cylinders of
amalgamated rolled zine, with dilute sulphuric acid. The cast-iron
vessels were 8 inches high and 84 inches in diameter. The zine
cylinders were the same height as the iron ones, about 2 inches in
diameter and open throughout. The iron and zine cylinders were
attached in pairs to each other by means of a stout copper wire. The
zine of one pair was placed in the iron of the next, and so on through-
out the series ; contact being prevented by discs of mill-board placed
in the bottom parts of the iron vessels.

‘With ten pairs in series, Mr. Sturgeon states, that he usually ob-
tained fourteen cubic inches of the mixed gases per minute, and ten
and a half cubic inches, when the battery has been in action an hour
and a half. On one occasion he states, that he obtained twenty-two
cubic inches per minute, fused one inch of copper wire, one-twenty-
fifth of an inch in diameter ; kept four inches white hot, and eighteen
inches red hot, in broad daylight. Eight inches of watch main-
springs were kept red hot, and two inches white hot for several
successive minutes.

(874) A prodigious battery, probably the largest ever made, in
which cast iron was the negative element, was constructed by Dr.
Callan (PPil. Mag. vol. xxxiii. 49). It consisted of 300 cast-iron
water-tight cells, each containing a porous cell and zinc plate 4 inches
square ; 110 cast iron cells, each holding a porous cell and zine plate
6 inches by 4; and 177 cast-iron cells, each containing a porous cell
and a zinc plate 6 inches square. The entire battery consisted there-
fore of 577 voltaic circles, containing 96 square feet of zinc and
about 200 square feet of cast-iron. It was charged by pouring into
each cast-iron cell a mixture of twelve parts of concentrated nitric acid,
and eleven and a half of double rectified sulphuric acid, and by filling
to a proper height each porous cell with dilute nitro-sulphuric acid,
consisting of about five parts of sulphuric acid, two of nitric, and
forty-five of water. In charging the entire battery, there were used
about fourteen gallons of nitric and sixteen of sulphuric acid.

(875) The first experiment made with this battery consisted in
passing the current through a very large turkey, which was instantly
killed, though it afterwards appeared that the whole discharge did
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not take place through the body of the bird. In order to give the
shock, a piece of tin-foil about four inches square was placed under
each wing along the sides of the turkey, which were previously
stripped of their feathers, and moistened with dilute acid. The foil
was kept in close contact with the skin, by pressing the wings
against the sides. The person who held the bird had a very thick
cloth between each hand and the wing, in order to save him from the
shock. 'When the discharge took place, the craw of the turkey was
burst, and the hay and oats contained within it fell to the ground.
‘When a copper wire in connexion with the negative end of the bat-
tery was put in contact with a brass ring, connected with the zine
end a brilliant light was instantly produced. The copper wire was
gradually separated from the brass ring, until the are of light was
broken. The greatest length of the are was about 5 inches. The
length of the are of light between charcoal points could not be deter-
mined, in cousequence of the rapidity with which the charcoal burned
away. At this period of the experiments. several of the porous pots
burst, and many of the copper slips became disconnected from the
zine cylinders, by the combustion of the solder; notwithstanding,
however, this interruption of the circuit, the arc of light between the
coke points was about an inch long, and the heat of the flame defla-
grated a file.

(876) According to Dr. Callan’s experiments a cast iron battery is
about fifteen -times as powerful as a Wollaston battery of the same
size, and nearly as powerful and a half as Grove’s,-and hence the bat-
tery above described is equal in power to a Wollaston battery con-
taining more than 1400 square feet of zine, or more than 13,000 four-
inch plates, and to a Grove’s containing 140 square feet of platina.
The largest copper and zinc battery ever constructed was that made
by the order of Napoleon for the Polytechnic sehool, and which con-
tained 600 square feet of zine ; and the most powerful Grove’s, of which
an account has been published, does not contain 20 feet of platina.
Hence the above battery was more than twice as powerful as the
largest Wollaston, and seven times as powerful as the largest Grove’s
ever constructed.

Callan has since (Phil. Mag. Feb. 1854) proposed as the negative
element, sheet tin coated with an alloy of lead and tin, in which the
proportion of tin is not greater than that of lead, or of lead, tin,
and a small quantity of antimony.  On tin plates thus coated, dilute
sulphuric acid searcely exerts any action. It may be platinized like
sheet silver, or it may be coated with borax, and will then answer
nearly as well as if platinized, these plates are far cheaper and more
durable than platinized silver. Iron, coated with an alloy of lead and
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tin, powerfully resists the action of oxidizing agents, especially if a
little antimony be added.

(377) This surprising intensity of the zinc-iron circuit is thus ex-
plained by Professor Poggendorff (Pog. Ann. vol. i. 255).

“The intensity of the voltaie circuit depends on two things,—
electromotive force, and the resistance. "It is the quotient from the
division of the former by the latter. Now though the electromotive
foree between zine and iron is smaller than between zine and copper,
silver, or platinum ; nevertheless the current of the zine-iron cireuit
is stronger, because the iron offers less resistance to the transition of
the current than copper does. The current, however, possesses less
tension than that of the copper circuit; or, in other words, it is weak-
ened by the insertion of a foreign resistance in a greater proportion
than that of the copper-zine; and it was found that the interposition
of a wire of German silver, fifty feet long, weakened the current from
the iron-zine more than that of the copper-zine; and further it was
supposed, that by a continued increase of the inserted resistance, it
would be possible to make the current of the iron eircuit, not only as
weak, but even weaker than that of the copper circuit. Professor
Poggendorff did not, however, succeed practically in effecting this.

(878) Mr. Roberts has, however, offered an explanation (L. and
E. Phil. Mag. vol. xix. p. 196), which Electricians in this country
will probably be inclined to adopt in preference to that given by the
learned Grerman, who i one of the most powerful and strenuous sup-
porters of the Contact Theory of Galvanism. It i3 simply,—that
copper, when immersed in an acidulated solution; does not retain so
clean a metallic surface as iron does, when exposed to a like action.
‘When a copper-zine pair is placed in dilute sulphuric acid, an action
takes place upon both the metals, and the balance of their affinities
for the acid determines the direction of intensity of the electric cur-
rent : but an obstacle to its free circulation arises by the resistance
offered to its passage from the acid into the copper, because this
metal has in a measure been acted upon by the acid, and its surface
partially oxidated : but as the affinity of the base for the acid, under
these circumstances, is not sufficient to cause the solution of the
oxide, it therefore remains upon the surface of the copper-plate ; and
a8 oxides are  worse conductors of Electricity than their metallic
bases, we have here a resistance presented by the oxidated surface to
the entrance of the electric current into the copper plate. On the
other hand, when an iron-zinc pair is immersed in dilute acid, we
have also an action on ‘both meétals; but the balance of affinities is
here not so much in favour of the zinc, as when it is in combination
with copper, and therefore the intensity or electromotive force gene-
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rated by the iron-zine, is not so great as in that of the copper-zine
battery: but the guantity circulated by the iron-zinc is greater, be-
- cause the surface of the iron not only oxidates, as did the copper, but
in consequence of its greater affinity for the acid, this oxide becomes
dissolved in the liquid, and it is thus removed from the surface of the
metal, which remains purely metallic, bright, and far more fitted to
. conduct Electricity than would be the. oxidated surface of a copper
plate : it therefore offers less resistance to its entrance, and a larger
quantity is thus circulated, although (in consequence of the balance
of affinities) in less intensity, or electromotive force, by an iron-zine
than by a copper-zine galvanic pair.
E (879) Mr. Roberts has introduced a form of battery on the above
principles, which, as it has been much used for blasting purposes, we
shall here describe (Proc. Elect. sec. p. 357). For general purposes
it consists of twenty single negative iron, and twenty single positive
zine plates, of six inches square, arranged alternately in a frame of
wood, and connected in the following
» __ peculiar manner. Let the numbers
i and 2, Fig. 162 represent the zinc, and
the letters and 4, the iron plates; let a
and b be joined together, and stand
free as a double terminal plate or pole,
having of course a wire proceeding
from them as a conductor ; then join 1 to ¢, 2 to d, 3 to ¢, and so on,
terminating the other end of the battery by a positive plate, but
having both its surfaces opposed to a negative plate, as is the con-
dition of 4.

In a battery of this construction there is no cross play of Electri-
city, because two plates intervene between every positive plate, and
the negative plate in metallic connection with it. Its power is very
great in consequence of the closeness of the plates one to the other.
It is very compact, and the absence of insulating cells renders it very
convenient, ag it can with no trouble be put into, or taken out of, its

Fig. 168, box. The plates are put into a frame

i . made of bars of wood, as in Fig. 163.
The plates are kept from touching each
== other by strips or rods of wood about
1 or 4 of an inch square, and long
enough to extend from the top to the
bottom of each plate, one rod to each
side of a plate; or if the plate be very
large, another in the middle. The box containing the exciting liquid
(dilute sulphuric acid, one part acid to thirty of water) is put
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together with white-lead joints, as these are perfectly water-tight.
A battery of this construction is found to be far more powerful and
constant in its action, than an equal sized one of copper and zine.

(380) While speaking of the electrical properties of iron, we may
take the opportunity to detail some peculiar voltaic conditions of that
metal. In the L. and E. Pkil. Mag., vols. ix., x., and xi., several
papers on this curious subject will be found, by Schoenbein, Faraday,
and others; but we must confine ourselves here to the simple facts,
referring to the original papers, for the theoretical explanations
offered by the respective authors.

If one of the ends of an iron wire be made red hot, and, after cool-
ing, be immersed in nitric acid, sp. gr. 1:35, deither the end that has
been heated, nor any other part of the wire will be affected, whilst
acid of this strength is well known to act rather violently upon com-
mon iron. By immersing an iron wire in nitric acid of sp. gr. 1'5, it
becomes likewise indifferent to the same acid of 1:35.

(381) The principal facts that the writer has experimentally
verified, and the observations which he has made, in repeating
Schoenbein’s experiments, are as follow :—

1°. It is well known, that when iron wire is immersed in nitric
acid, sp. gr. 135, it is attacked with violence; but Sir John
Herschel was, it seems, the first person who noticed that if the wire
was associated with gold or platinum, it was quite inactive in acid of
that strength. When an iron wire, one-sixteenth of an inch in
diameter, was touched at a given point with platinum, and dipped
into nitric acid, sp. gr. 137, it was not at all acted upon, but
remained, for any length of time, perfectly bright. Once touching
it in the acid with the platinum was sufficient to render it inactive
when the platinum was removed, as long as it remained in the acid ;
but if it were taken out, wiped, and then again immersed, action
commenced, but soon again ceased.

2°. If the acid was diluted with an equal bulk of water, platinum
did not preserve iron wire from its action, even when coiled thickly
round it: it appeared, indeed, rather to quicken the action; but
although it did not protect the iron under these ecircumstances, it
did under others which will be mentioned presently.

3°. If a wire, having been made inactive by being touched with a
piece of platinum, was touched while in the acid with a piece of zinc,
or another common iron wire, it was immediately thrown into violent
action. Half of a wire, four inches long, was heated to dull redness,
the blue tinge was visible through three inches: when the wire was
cold, these three inches were quite inactive in nitric acid sp. gr. 1'39,
the other end was active ; but when the heated end was made bright
by filing, it was rendered active likewise.
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4°. When an inactive wire and one that was active, were dipped
into the same vessel, and made to touch at their parts above the fluid,
action was excited in the indifferent wire. A commen wire was
made to touch an indifferent one, and both dipped into nitric acid,
the indifferent ohe going in firs¢: by this means the common wire
was rendered indifferent; not being in the slightest degree acted on
by the acid ; the second wire rendered indifferent a third ; the third,
a fourth; and so on. This experiment was found o succeed best
with a wire that had been made indifferent by platinum; but with
care, it will answer equally well with a wire that has been made
indifferent in the fire, the conditions appearing to be, perfect contact
and gradual immersion. When these wires were taken out of the
acid, and wiped, they alwdys returned to the active state, but were
again made indifferent by repeating the process.

5° A wire, polished very bright, and protected by platinum, was
immersed in a solution of nitrate of copper in nitric acid, which
acted very strongly on eommon iron, copper being deposited on the
metal ; the protected wire remained, however, bright; after a few
seconds, the platinum was removed—the iron became instantly as
common iron; but when the platinum was allowed to remain in
contact an hour or two, and then removed, the wire was left in the
peculiar state, exhibiting the curious phenomenon of a piece of
polished iron remaining untarnished in a solution of acid nitrate of
copper. The wire thus inactive, on being touched with a piece of
common iron was instantaneously rendered active, undergoing rapid
solution and becoming covered with a coating of copper.

6°. A piece of eommon wire was bent into the form of a fork, and
slipped down an inactive wire into nitric acid, by which it was itself
rendered inactive ; now, if another piece of wire was made to touch
the fork, before being introduced into the acid, it was rendered itself
inactive ; but if it was first thrown into action, and then made to
touch either end of the fork, it threw all the wires into action, unless
the first wire was one rendered inactive by the fire, in which case it
was not thrown into action : the author could not, in this experiment,
succeed in making one end of the fork active and the other passive,
as described by Schoenbein; he tried it many times, and in every
case every wire was thrown into action, when either was touched in
the acid with an active wire.

7°. In order to observe the electrical phenomena, a galvanometer
was used in the manner described by Faraday; a platinum wire was
connected with one of the cups, and the other end dipped into a glass
containing nitric acid, of the above strength; if now, an iron-wire
was connected first with the other cup of the galvanometer, and then
“the other end immersed in the acid, it was inactive, and no deflection
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of the needle took place; but if it was first put into the acid, and
afterwards connected with the gaivanometer, it was active, and the
needle was deflected in the same manner as if it had been zing, <.e.,
whichever pole of the needle the wire of the galvanometer with which
it was joined passed immediately over, moved west.

8° If an inactive wire was in this experiment substituted for the
platinum, it acted precisely as platinnm, both with regard to its pre-
serving action and to the direction of the electrical current produced ;
and here it may be observed that a striking proof is by this experi-
ment afforded, that voltaie action is due to chemical action, for, when
the wires were so arranged that both should be inactive, there was
not the slightest electrical current evinced by the galvanometer; but
when either was thrown into action by being touched by a common
wire, that wire became instantly as zine, and the needle was strongly
deflected.

9°. If the iron-wire had a piece of platinum foil attached to it; the
moment the circuit was closed, bubbles of gas made their appearance
on the platinum, but none on the iron; but when the platinum was
removed the gas rose rapidly from the iron, which was not, however,
thrown into action.

10°. When two glasses were filled with acid, and connected by a
compound platinum and iron-wire, all the phenomena which took
place in a single glass were observed, and the platinum or inactive
wire in one glass exerted a protecting influence on the iron on. the
other, provided the eommunication was first made through the gal-
vanometer; a touch from a common wire also threw the iron into
action, producing a strong electrical current; the same was the case
with three or four glasses connected by a compound wire.

11°. When the acid was diluted, so as to have a sp. gr. of 1°2,
platinum, as was before observed, could not proteet iron from its
action, neither when it was connected with the galvanometer did it,
if the iron was dipped into the acid first; but if it was first con-
nected with the galvanometer, and then put into the acid, no action
whatever took place in any length of time, even when the platinum was
removed ; but it always commenced when the inactive wire was once
touched in the acid with a ecommon iron-wire, or with a piece of
copper ; but the iron thus made inactive did not as in strong acid
possess the power of rendering other wire inactive, but was always
thrown into action itself when a piece of common wire was substi-
tuted for the platinum, whether it was connected with the galvano-
meter first or not: the first wire in this case acted as platinum to
the second.

12°. 'When two cups were employed, and connected by a piece of

U
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bent wire, and so- arranged that the iron-wire should be active, on
removing the connecting wire, and taking a fresh piece, if it were
dipped first into the cup containing the iron-wire, and then the other
end brought into the platinum cup, that end was inactive, and there
was no passage jfor the electrical current, the needle of the galvano-
meter being quiescent ; but when it was put into an active state the
electrical current passed. Here then we have the iron made inactive
without any metallic communication with the platinum, and when
inactive it is found incapable of conducting, or, at any rate, it obstructs
very considerably the passage of an electrical current.

13°. If the iron-wire was inactive it was impossible to make
either end of the connecting bent wire so, neither could it be, if it
were dipped into the platinum cup first ; the action of nitric acid of
this strength, viz. 1-2, is not an effervescing action, the iron is slowly
dissolved ; when a piece of clean metal is dipped in it, it speedily
becomes covered with a brown substance, which is gradually depo-
sited, but dissolved by agitation.

14°. 'When iron-wire is made the positive electrode of a galvanic
battery, consisting of fifteen or twenty pairs, and dilute nitrie, sul-
phuric or phosphoric acid the subject of experiment, the negative
electrode consisting of a platinum wire, if that pole be first dipped
into strong nitric acid, and the circuit closed by a common iron-wire,
that wire is immediately inactive, as regards the action of the acid on
it, and it behaves precisely as platinum or gold in giving off’ oxygen
from the decomposed water, while the platinum wire becomes sur-
rounded with a greenish fluid (nitrous acid): any other mode of
closing the circuit will not answer, and if, while oxygen is given off
from the iron-wire, it is once brought into contact with the platinum,
it ceases to give off oxygen when separated from it, and will not
again do so till exposed to the air.

15°. The same phenomena occur with diluted acid, only hydrogen
gas is given off in great abundance from the platinum, and as before,
when the wires are made to touch in the liquid the iron ceases to
perform the office of platinum, and becomes gradually dissolved;
exposure to the air, however, brings it again to the peculiar state.

16°. Diluted sulphuric and phosphoric acid exhibit similar pheno-
mena, but the iron cannot be made inactive in muriatic acid with
that or any other voltaic power; it is always converted into muriate.
‘When diluted nitric acid is employed, and when two cups are con-
nected by a common iron-wire, the effects are the same ; and if the
connecting wire be removed, and the cups joined by another, in the
manner before described, that end in the cup in which the platinum
negative electrode was, gives off oxygen, while the other end under-
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goes solution, and the iron-wire which acted the part of the positive
electrode gives off oxygen also; if four cups be employed, a similar
result is obtained ; but the quantity of oxygen liberated diminishes
as the number of elements increases: if either of the ends of the
wires be now touched with a common iron-wire, its peculiar state is
destroyed, and it becomes as the other end, while the oxygen it gave
off appears to be divided between the two inactive wires; and if the
iron-wire in immediate connection with the battery be made active,
and all the others but the middle one made active also, then the
middle wire performs the office of the positive electrode.

Much more might be said on this curious subject ; the above must,
however, suffice here, and those who are anxious to see the matter
fully discussed may be referred to the 9th, 10th, and 11th volumes
of the L. and E. Phil. Mag. A voltaic battery, consisting of zinc
and passive iron, or of active and passive iron, in either case excited
after the manner of a Grove's battery, was described in a commu-
nication from Professor Schoenbein to the London Electrical
Society. The power of the arrangement is said to be very great.
Its economy is also a matter of importance, and the value of the salt
produced (sulph. ferri) is not to be overlooked.

(382) The electrical character of an alloy of metals does not, it
must be observed, always take a place between those metals of which
it consists, but more frequently it stands either much higher or
much lower in the series. Such is the case with brass, which mostly
acts in galvanic arrangements, either quite as well, or even better
than copper, which is one of its constituents. (Jacobi.) On the
other band, either amalgamated zinc, or a compound of zine and
quicksilver, acts even better than zinc alone, although quicksilver
itself stands high in the galvanic series. A compound is described
by Jacobi, which is still better than quicksilver and zinc; it consists
of 38 parts of quicksilver, 22 parts of tin, and 12 parts of zine.
Nevertheless, he observes, in such alloys as these, where too much
quicksilver is introduced, the disadvantage is, that they are extremely
brittle, and have but little coherence.

(383) The inaction of amalgamated zinc in acidulated water
is considered by Mr. Grove (L. and E. Phil. Mag., vol. xv. p. 81)
as being the effect of polarization; but of one which differs from
ordinary cases of polarization, in that the cations of the electrolyte,
instead of being precipitated on the negative metal, combine with it,
and render it g0 completely positive, that the current is nullified, and
not merely reduced in intensity as in other cases.

The experiments made by Mr. Grove, to verify this idea, are
curious and striking.

v 2
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1°. Half the surface of a strip of copper was amalgamated and
immersed with a strip of zine in water, acidulated with Ith of
sulphuric or phosphoric acid ; on making the plates touch there was
a rapid evolution of .gas from the unamalgamated part of the copper,
while only a few detached bubbles appeared on the amalgamated
portion.

2°. A large globule of mercury was placed in the bottom of a glass
of acidulated water, and by means of a copper wire, the whole surface
of which was amalgamated, it was made to communicate with one
extremity of a galvanometer, while a strip of amalgamated zine, im-
mersed in the same liquid, communicated with the other extremity ;
at the instant of communication an energetic current was indicated,
which, however, immediately diminished in intensity, and at the end
of a few minutes the needle returned to zero: scarcely any gas was
evolved, and of the few bubbles which appeared, as much could be
detected on the surface of the zinc as of the mercury.

3°, With the same arrangement a strip of platinum, well amal-
gamated, was substituted for the mercury. In a few minutes the
current became null or very feeble, and if, after the cessation of the
current, the zinc was changed for unamalgamated platinum, this
latter evolved torrents of hydrogen, and the needle indicated a
violent current in a contrary direction.

4°, 'With things arranged as in 2°, sulphate of copper was substi-
tuted for acidulated water,—a constant current was produced, and
copper was precipitated on the mercury, as long as crystals of the
sulphate were added to the solution.

(384) In these experiments it is shown that mercury, which, in its
normal state, is well known to be inefficient as the positive metal of
a voltaic combination, is in many cases equally inefficient as a nega-
tive metal from its faculty of combining with the cations of electro-
lytes, which renders it equally positive with the metal with which it
is voltaically associated, and the opposed forces neutralize each other.
But if, as in 4°, the cation of the electrolyte is not of a highly
electro-positive character, the zinc (or other associated metals)
retains its superior oxidability, and the voltaic current is not arrested.

(885) The application of these experiments to the phenomena
presented by amalgamated zine, Mr. Grove thinks evident; all the
heterogeneous metals with which the zine may be adulterated, and
which form minute negative elements, being amalgamated, become by
polarization equally positive with the particles of zinc, and conse-
quently without the presence of another metal to complete the
circuit, all action is arrested as in the case of pure zine. The fact
of amalgamated zine being positive with respect to common. zine, of



LEESON’S BICHROMATE OF POTASH BATTERY. 293

its precipitating copper from its solutions, and other anomalies, are
also explained by these experiments.

(386) A form of voltaic battery, the arrangement of Dr. Leeson,
in which, instead of sulphate of copper, a solution of bichromate of
potash (ten parts water to one of bichromate), is employed as the
exciting agent, is shown in Fig. 164. A4 A4 is a vertical, and BB a

Fig. 164.
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horizontal section of the wooden trough rendered water-tight. Tt is
grooved at the sides, as seen in B B, so as to receive the zinc plates
77 : between each pair is a groove to receive the flat porous cell,
containing the copper plate C. Each zinc plate rests on a piece of
zine, which forms as it were the bottom of a cell: one of each pair
of zinc plates, Z, is higher than the other, as seen in the vertical section,
for the convenience of forming the connection, which is effected by
binding over the copper plate, and attaching it to the tall zinc one
by a small binding screw, as seen at e. The trough is charged with
acid solution, and the porous cell containing the copper with the
solution of bichromate. Each trough contains ten or twelve cells.
By having the zinc which surrounds the copper in three pieces, the
trouble of binding is avoided, and it is much easier of manipulation.
It will be seen by this, that the expensive plan of employing actual
partitions between the respective pairs is avoided, each arrangement
of zinc forming its own cell. It is scarcely requisite to mention,
that the zinc is not of necessity to be accurately fitted in its groove,
under the idea of making each cell water-tight, the fallacy of this
idea having been long since developed.

(387) A beautiful little voltaic battery, and one of great power in
which potassium is the positive element, is described by Mr. Good-
man, (Memoirs, Manchester Lit. and Phil. Soc. vol. viii.) A wine
glass was filled with dilute sulphuric acid, and in this was immersed



294 GALVANIC OR VOLTAIC ELECTRICITY.

a plate of platinum just below the surface of the liquid. At the
extremity of a short length of glass tubing a piece of membrane
was tied, so as to close up its lower end, which was by an appropriate
stand so fixed that the membrane or diaphragm should come in
contact with the surface of the acidulated water immediately above
the immersed plate of platinum. Into this tube was dropped a
globule of mercury, which lying upon the membrane would serve to
amalgamate and keep in that condition the piece of potassium
destined for that situation. The tube was then filled with mineral
naphtha, so that the metal could be raised with pleasure into a
medium in which it would remain perfectly quiescent, and would
only suffer loss when required to do so. The potassium, weighing
about half a grain, was now screwed upon the *“ topped’’ extremity of
a copper wire, upon which a shoulder or button of wood was also
screwed, about one-sixteenth of an inch from its extremity, to
prevent the wire perforating the potassium too far, and coming itself
in contact with the diaphragm. This wire was in metallic communi-
cation with the immersed platinum, and for the purpose of raising or
depressing the potassium in its cell, a moveable mercury eup formed
the medium of communication. From this the potassium hung sus-
pended by its wire, upon which a small weight was affixed to insure
the continuous contact and close application of this metal to the
membrane. With the apparatus thus arranged, it was found that
potassium became a very manageable element in a voltaic battery,
and on lowering it into contact with the diaphragm a continuous
current of 45° to 50° was observed by the aid of an intervening
galvanometer. Acidulated distilled water was energetically de-
composed by this miniature galvanic battery, and Mr. Goodman
even succeeded in producing a sensible and measurable deflection
gold leaf with a single cell.

(388) A most extraordinary and perfectly novel voltaic battery, in
which the active ingredients are gases, was described by Mr. Grove
(PFil. Mag. Dec. 1842 ; Phil. Trans. part ii., 1843 ; and part ii. 1845).
It consisted originally of a series of 50 pairs of platinized platinum
plates, each about a quarter of an inch wide, enclosed in tubes
partially filled alternately with oxygen and hydrogen gases, as shown
in Fig. 165. The tubes were charged with dilute sulphuric acid, sp.
gr. 12, and the following effects were produced :

1st. A shock was given which could be felt by five persons joining
hands, and which when taken by a single person was painful.

2nd. The needle of a galvanometer was whirled round, and stood
at about 60°; with one person interposed in the eircuit it stood ab
40°, and was slightly deflected when two were interposed.
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8rd. A brilliant spark visible in broad daylight was given between
charcoal points.

4th. Todide of potassium, hydrochloric acid, and water acidulated
with sulphuric acid, were severally decomposed: the gas from the
decomposed water was eliminated in sufficient quantity to be collected
and detonated. The gases were evolved in the direction denoted in
the figure, i. e., as the chemical theory and experience would indicate,
the hydrogen travelling in one direction throughout the circuit, and
the oxygen in the reverse. It was found that twenty-six pairs were
the smallest number which would decompose water, but that four
pairs would decompose iodide of potassium.

5th. A gold leaf electroscope was notably affected.

‘When the tubes were charged with atmospheric air, no effect was
produced, nor was any current determined when the gases employed
were carbonic acid and nitrogen, or oxygen and nitrogen: when
hydrogen and nitrogen gases were used, a slight effect was observed,
which Mr. Grove is inclined to refer to the oaygen absorbed by the
liquid when exposed to the air, which, with the hydrogen, would give
rise to a current.

The voltaic current generated by this battery is attributed by Mr.
Grove to chemical synthesis, of an equal but opposite kind, in the
alternate tubes, at the points where the liquid, gas, and platinum
meet, and the object of covering the platinum with the pulverulent
deposit was to increase the number of these points, the liquid being
retained upon the surface of the platinum by capillary attraction.
Schoenbein considers (Phil. Mag., March, 1843) that the oxygen
does not immediately contribute to the production of the current,
but that it is produced by the combination of hydrogen with water,
a suboxide of hydrogen being formed. In consequence of this
opinion, Mr. Grove undertook a searching investigation into the
phenomena, and the following are some of his principal results.
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(389) In order conveniently to examine the gases either after or
during an experiment, without changing the liquid in which the
tubes are immersed, the form of. cell shown in Fig. 166 was adopted.
Fig. 166. Fig. 167. b ¢ d e is a parallelopiped glass or stone-

3 } ware vessel, such as is commonly used for
() () the outer cells of the nitric acid batteries.
The tubes are cemented into pieces of

#4 wood @ b, a ¢, and can, with the wood, be

separately detached from the trough, as
shown in Fig. 167. At the aperture or
space a o, between the tubes, there is just
room for a finger to enter, close the orifice
of either tube, and thus detach it from the
apparatus. The platinum foil is turned
up round the edge of the tube, and brought
into connection with a binding-screw
screved into the wood. In Fig. 168 a battery and five cells of this
Fig. 168.
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construction, each containing about 1} cubic inch, is represented as
charged with oxygen and hydrogen, connected with a decomposition
of water apparatus. With a battery of 50 of these cells there was
but a trifling difference in the rise of the liquid in all the cells, and
the rise of gas in the decomposing apparatus was so directly propor-
tional that an observer unacquainted with the rationale of the voltaic
battery would have said the gases from the exterior cells were con-
veyed through the solid wires, and evolved in the voltameter.

(390) In order to decide the question whether the points of
action were, where the liquid, gas, and platinum met, or whether the
gases entered into solution first, and were then electro-synthetically
combined by the immersed portion of the platinum, a series of ten
cells was constructed in which the nlatinum reached onlv to half the
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height of the tubes. This was charged with oxygen and hydrogen,
so that the liquid just covered the extremities of the platinum.
Here, it is evident that the gases must enter into solution before the
platinum could affect them, and the result was that a highly sensitive
galvanometer was but slightly affected, but when a little gas was
added so as to expose the platinum to a gaseous atmosphere, a con-
siderable current was developed, proving that it is at the exposed por-
tion of the platinum plate that the real work of the battery is carried on.

(391) The analogy of the hydrogen tube to the zine plate of an
ordinary voltaic battery was beautifully shown by arranging a single
pair with oxygen and hydrogen, and a second pair with hydrogen in
one tube, and dilute sulphuric acid in the other; the oxygen of the
first was metallically counected with the hydrogen of the second, and
the hydrogen of the first with the liquid of the second hydrogen gas
immediately rose from the platinum. In short, though it required
four pairs to decompose water with .immersed platinum elec-
trodes, yet the platinum in the atmosphere of hydrogen being
analogous to an oxidable anode, one pair was with this assist-
ance sufficient to decompose water. The analogy of the gaseous
and metallic voltaic batteries was further shown by charging
three cells alternately with hydrogen and nitric acid; water was
decomposed, the gaseous hydrogen deoxidizing the nitric acid in this
arrangement, just as nascent hydrogen does in the metallic battery.
A battery of two cells charged with hydrogen and dilute sulphuric
acid was powerless in an atmosphere of pure nitrogen, a fact
conclusive against the view which regards hydrogen and water as
the efficient agents in the gas battery.

(892) Mr. Grove describes a series of experiments with other
gases: the following is a general account of his results with ten cells
charged in series.

Oxygen and protoxide of nitrogen No effect on iodide of potassium.

Oxygen and deutoxide of ditto . Very slight, soon ceasing.

Oxygen and olefiant gas . . Very feeble, but continuous.

Oxygen and carbonic oxide . ' {N otable eﬁ'ects: Slight symptoms
of decomposing water.

Considerable action at first,
J { scarcely perceptiblein24 hours.
Chlorine and dilute sulphuric acid About the same.

{Powerful effects. Two cells de-

Oxygen and chlorine .

Chlorine and hydrogen ]
composing water.

Good. Ten cells decomposing
water.
Chlorine and olefiant gas . . Feeble.

Chlorine and carbonic oxide.
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The most interesting practical result of Mr. Grove’s experiments
on the gas battery will probably be its application to eudiometric
purposes. “Two narrow cubic inch tubes of seven inches long were
carefully graduated into 100 parts. These -were immersed in
separate vessels of dilute sulphuric acid, and filled with atmospheric
air exactly to the extreme graduation; the water-mark within the
tube was examined when exactly at the same level as the exterior
surface of the liquid: folds of paper were used to protect them from
the warmth of the hands and thus prevent expansion; the barometer
and thermometer were examined, and every precaution taken for
accurate admeasurement. One of these tubes was left empty, in
order to ascertain and eliminate from the result the effect of
solubility. Into the other was placed a slip of platinized platinum
foil, one quarter of an inch wide. This strip of foil was connected
by a platinum wire with another strip placed in a tube of hydrogen
and inserted in the same vessel. After the circuit had been closed
for two days, the liquid was found to have risen in the graduated
tube 22 parts out of the 100; in the tube placed by its side, it had
risen one division. The tubes were allowed to remain several days
longer, but no further alteration took place. This analysis gives
therefore 21 parts in 100 as the amount of oxygen in a given portion
of air”” In these experiments, it must be observed that only a
single pair of the gas battery can be used, as, if more be employed,
the electrolyte is likely to be decomposed, and gas added to the
compound.

Another useful application of this interesting battery is the means
which it affords of obtaining perfectly pure nitrogen. All the oxygen
in a given quantity of air may be abstracted, as well as the free
oxygen contained in the liquid which confines it, and by subsequently
introducing into the tube a little lime water, the trifling quantity of
carbonic acid may be removed.

‘With respect to the theory of the gas battery, Mr. Grove says:
¢ Applying the theory of Grotthus to the gas battery, we may suppose
that when the circuit is completed at each point of contact of oxygen,
water and platinum in the oxygen tube, a molecule of hydrogen
leaves its associated molecule of oxygen to unite with one of the free
gas; the oxygen thus thrown off unites with the hydrogen of the
adjoining molecule of water, and so on, until the last molecule of
oxygen unites with a molecule of the free hydrogen: or we may
conversely assume that the action commences in the hydrogen tube.”
. ... “There are one or two other theoretical points as to which the
gas battery offers ground of interesting speculation; the contact
theory is one. If my notion of that theory be correct, I am at a loss
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to know how the action of this battery will be found consistent with
it, if indeed the contact theory assumes contact as the efficient
cause of voltaic action ; but admit that this can only be circulated by
chemical action, I see little difference, save in the mere hypothetical
expression, between the contact and chemical theories; any con-
clusion which would flow from the one, would likewise be deducible
from the other. There is no observed sequence of time in the
phenomena, the contact, or completion of the eircuit, and the elec-
trolytical action are synchronous. If this be the view of contact
theorists; the rival theories are mere disputes about terms; if, how-
ever, the contact theory connects with the term contact an idea of
force which does or may produce a voltaic current, independently of
chemical action, a force without consumption, I cannot but regard it
as inconsistent with the whole temor of voltaic facts and general
experience.”’

In a postscript appended to this paper, Mr. Grove details
some further experiments, the theory of which seems at present
by no means clear. On repeating the eudiometrical experiment
already .described, with an apparatus in which the external air
was shut out, it was found, after the expiration of three days, that
the volume of gas in the air-tube which had previously contracted
had now increased and continued to do so. Mr. Grove at first
believed that mitrogen was decomposed; he subsequently, however,
found that the increase was due to the addition of kydrogen, and
that in order to obtain the effect with certainty two points were
essential ; first the exclusion of any notable quantity of atmospherie
air from solution; and secondly, great purity in the hydrogen; it
hence becomes necessary in order to ensure accuracy.in eudiometric
experiments, either purposely to use common hydrogen, or to employ
closed vessels the tubes of which are long and narrow; and having
first charged the tubes with hydrogen and atmospheric air, to allow
these to remain in closed circuit unsil all the oxygen is abstracted,
and a little hydrogen added by the electrolytic effect to the residual
nitrogen ; then to substitute oxygen for the original hydrogen, which
will in its turn abstract hydrogen from the nitrogen, and leave only
pure nitrogen. This, Mr. Grove says, he has frequently done with
perfect success.

The only way at present of accounting for the fact disclosed in
these last experiments, appears to be, to regard mixed gases as in a
state of feeble chemical union, the effect being produced by the
affinity of the nitrogen or carbonic acid for the hydrogen; the
affinity of the oxygen of the water being balanced between the
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hydrogen in the liquid and that in the tube, would enable the
resultant feeble affinity of the nitrogen for hydrogen to prevail.
Mr. Grove does not, however, venture a positive opinion ; the fact,
as he says, “that gaseous hydrogen should abstract owygen from
kydrogen without the latter forming any combination, being so novel,
that attempted explanation is likely to prove premature.”

(393) The form of gas battery employed by Mr. Grove in his later
experiments, and which possesses the great advantage of entirely
preventing the interfering action of the atmosphere, is shown in

Fig. 169. Fig. 169. 1In this battery, oxygen and deu-
toxide of nitrogen gave a continuous current,
and a permanent deflection of the galvano-
meter was produced, when a piece of phos-
phorus was suspended in the nitrogen tube,
the product being phosphorous acid ; and the
curious instance was exhibited of the employ-
ment of a solid, insoluble non-conductor, and
the existence of a continuous voltaic current,
and of a true combustion; the combustible
and the “comburant” being at a distance:
phosphorus burned by oxygen which is sepa-
rated from it by strata, both of water and
gas, of indefinite length. A current was
likewise produced by sulphur in nitrogen and oxygen, the sulphur
being contained in a little capsule of glass that could be heated
by a small hoop of iron with a handle as shown in the figure, the
moment the sulphur entered into fusion, the ncedle of the galva-
nometer moved, and it continued deflected during the whole time it
remained in the fused state. Various other substances, such as
camphor, oil of turpentine, oil of cassia, aleohol, ether, &c., were thus
tried, and all produced notable voltaic effects, and a field has thus
been laid open for ascertaining the voltaic relations and quantitative
electro-chemical combinations of solid and liquid substances, which
from their physical characteristics have not hitherto been recognized
in lists of the voltaic relations of different substances, and conse-
quently formed to a certain extent a blank in the chemical theory of
the voltaic pile.

(894) Okmw’s law.—In none of the various forms of the hydro-
electric battery do we obtain in the form of a current the whole of
the Electricity excited by the chemical action on the positive
element. The amount of Electricity realized, or, in other words, the
force of the current, is equal to the sum of the electromotive forces,
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divided by the sum of the resistances in the circuit; thus, let T
denote the actual force of the current, E the electromotive force,

and R the resistance.
E

By the term electromotive force, is to be understood the cause which
in a closed circuit originates an electric current, or in an unclosed
one gives rise to an electroscopic temsion. According to the
chemical theory, it is the affinity between the active metal and the
element of the liquid compound on which it acts. By the term
resistance is signified the obstacle opposed to the passage of the
electric current by the bodies through which it has to pass; it is the
inverse of what is usually called their conducting power.

(395) The different causes which influence the quantity of Electri-
city obtained in a voltaic circuit have been investigated mathematically
by Professor Ohm, of Nuremberg; a translation of whose paper is
to be found in Taylor’s Scientific Memoirs, vol. ii., and his formule,
which have been verified by the researches of Daniell and Wheat-
stone, may be regarded as the basis on which all investigations that
have since been made relative to the force of the voltaic current
have been founded.

(396) By increasing the number of elements of a voltaic series
we increase the temsion, urging the Electricity forward, but then
at the same time we increase the amount of resistance offered by
the liquid portion of the circuit ; so that, provided in both eases the
circuit be completed by a perfect conductor as a stout copper wire,
we obtain precisely the same results in both cases, the electromotive
forces and the resistances being increased by an equal amount, for,

o b ponial B
R n R

But it is very different when the circuit is closed by an #mperfect
conductor: for a resistance which might weaken to a considerable

extent -I]i}—might not sensibly diminish :]14]{ » and in accordance

with this we find that when great resistances have to be overcome,
it is necessary to increase the number of elements in proportion
to those resistances.

(397) The resistances to the circulation of available Electricity
are of a two-fold character. 'We have first R, the resistance in the
vattery cell, which varies directly with the distance between the
plates and inversely as the area of the efficient section of the liquid,
and which Daniell has shown to be the mean of that of the opposed
faces of the metals; and we lhave r, the specific resistance of the
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conducting wire. The amount of work which a battery is capable
of performing may be expressed therefore by the fraction,

F = w457
In a single circle closed by a good conductor, the value of  nearly
vanishes, and the force of the current is proportional to the super-
ficies of the metallic elements. In a compound circle, the following
general formula expresses the force of the current when the circuit
is completed by a connecting wire :
n B
B = higp]y r
. BoRuondl =g
where the other letters signifying the same as before.
D = The distance between the plates.

S = The section of the plates in contact with this liquid.
I = The length of the conducting wire.
S = The section of the same.

n = The number of element.

This formula leads to the following general law. (Wheatstone,
Phil. Trans. 1843.)

1°. “The electromotive force of a voltaic circuit varies with the
number of the elements, and the nature of the metals and liquids
which constitute each element, but is in no degree dependent on the
dimensions of any of their parts.

2°, “The resistance of each element is dlrectly proportional
to the distances of the plates from each other in the liquid, and
to the specific resistance of the llquld and is also inversely
proportional to the surface of the plates in contact with the
liquids.

3°. “The resistance of the connecting wire of the circuit is directly
proportional to its length, and to its specific resistance, and inversely
proportional to its setiem’ § 22l va’

(398) The method employed by the German electricians for
measuring the strength of the hydro-electric current, was by ob-
serving its effect on the magnetic needle, the force of the current
being estimated from the angle of deviation. When the gal-
vanometer consists merely of a single stout copper wire placed
immediately under, and paralle]l to, a common variation needle, the
force of the current acting on the needle was determined by Kimtz
to be proportional to the product of the sine info the tangent of the
angle of declination ; and to save the trouble of making a calculation
for each experiment, the following table (Peschel’s Elements of
Physies) was drawn up by Pohl, from which the proportional force
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of any current may be ascertained for any declination given in
degrees from 1° to 90°.

Deflec- Intensity Deflec- Intensity Deflec- Intensity
tion of of tion of | of tion of of
Needle. Current. Needle. Current, Needle. Current,

o

00001 31° | 0°1016 61° | 05179
00004 32 0-1087 62 05451
0-0009 33 01161 63 05740
00016 34 01238 64 06049
00025 35 01328 65 06380
00036 36 01402 66 06735
00049 37 01489 67 07119
0°0064 38 01579 68 07533
00081 39 01673 69 07983
00100 40 01770 s 70 08475
00122 41 01872 71 09014
00145 42 01978 72 09608
00170 43 02088 73 1-:0268
00198 44 0°2202 74 1-1004
00228 45 02321 75 1-1833
00259 46 02445 76 1:2775
00293 47 02574 i 1-:3854
00330 48 02709 78 1'5106
00368 49 02850 79 1:6577
00409 50 02997 80 18334
0:0452 51 0:3150 81 20471
00497 52 03313 82 23133
00544 53 03479 83 26536
00594 54 03653 84 31061
00647 55 03840 85 37378
00702 56 04035 86 46830
00759 57 04239 87 62551
00819 58 04455 88 96133
00882 59 04683 89 | 188034
30 00948 60 04924 90 infinite.
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(399) Ohm determined the intensity of a current by the multi-
plier, but instead of measuring the declination of the needle, he
observed the amount of torsion of the fine wire by which the needle
was suspended, the intensity of the current being proportional to
the number of degrees which the torsion index was moved back.
Fechner determined the number of oscillations made by the needle
of a galvanometer placed in the magnetic meridian under the
influence of the current, the conducting wire intersecting the mag-
netic meridian at right angles. “The intensities of the currents are
tnversely as the squares of the times of the vibrations; or the
number of units of time which are required to complete the same
number of vibrations.” Thus, supposing that the number of vibra-
tions made by the needle under the influence of a current @ in 10
seconds is made under the influence of another current 4 in 5
seconds, then a : b = 3 : = 1ls : v = 25 : 100 =1 : 4.
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Therefore the intensity of the current b is four times greater than
that of the current a. Pohl, by following the same method of
magnetic measurements, arrived at the following law, which was
practically verified by Peschel, viz.: ¢“That the intensities of cur-
rents of single hydro-electric batteries, in which both electromotors
present equal surfaces to the exciting fluid, are, ceteris paribus, as
the biquadrate roots of the areas of the surfaces in action;”’ from
which it follows that to construct a battery, the intensity of whose
current shall be double that of another given battery, the exciting
surface of the former must be 16 fimes greater than that of the
latter.

(400) In their vemﬁcahons of Ohm’s theory, the German and
French electricians adopted Fechner’s method. They first observed
the oscillations of the needle where no extraneous resistance was
introduced into the circuit, and they then added a known resistance,
and again measured the oscillations. Wheatstone adopted a different
method ; instead of constant, he employed variable resistances, bring-
ing thereby the currents in the circuits compared to equality, and
inferring, from the amount of the resistance measured out between
two deviations of the needle, the electro-motive forces and resist-
ances of the circuit according to the particular conditions of the
experiment. For this purpose he invented an instrument which
he calls a rheostat ; it consists essentially of two eylinders, one of
wood, on which a spiral groove is cut, and round which is coiled a
long wire of very small diameter, and the other of brass; by means
of a handle any part of the wire can be unwound from the wooden
cylinder and wound on to the brass. The coils on the wood cylinder
being insulated and kept separate from each other by the groove, the
current passes through the entire length of the wire coiled upon
that cylinder, but the coils on. the brass cylinder not being insulated,
the current passes immediately from the point of the wire, which is
in contact with the cylinder, to a spring in metallic communication
with the wires of the circuit. The effective part of the length of
the wire is therefore the variable portion which is on the wooden
cylinder. The eylinders are six inches in length and 1} inch in
diameter ; the threads of the screw are 40 to the inch, and the wire
is of brass 1jsth of an inch in diameter. Very thin and badly
conducting metal is employed in order to introduce a greater resist-
ance into the eircuit ; a scale is placed to measure the number of
coils unwound, and the fractions of a coil are determined by an
index which is fixed to the axis of one of the cylinders and points to
the divisions of a graduated scale.

(401) For measuring very great resistances, as long telegraph
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wires, or imperfectly conducting liquids, Wheatstone employs a
series of coils of fine silk covered copper wire about the 37 of an
inch in diameter; two of these coils are 50 feet in length, the others
are respectively 100, 200, 400, and 800 feet in length. The two
ends of each coil are attached to short thick wires, fixed to the
upper faces of the eylinders, which serve to combine all the coils in
one continuous length. On the upper face of each cylinder is a
double brass spring, moveable round a centre, so that its ends may
rest at pleasure either on the ends.of the thick wires united to the
circuit, or may be removed from them and rest on the wood. In the
latter position, the current of the circuit must pass through the coil,
but in the former position the current passes through the spring,
and removes the entire resistance of the coil from the circuit.
‘When all the springs rest on the wires, the resistance of the whole
series of coils is removed ; but by turning the springs so as to intro-
duce different coils into the circuit any multiple of 50 feet up to
1600 may be brought into it. 'Wheatstone finds that the resistance
of the entire 1600 feet is equivalent to 218-880 wunits of resistance,
or feet of the standard wire (diameter ‘071 of an inch). He also
sometimes employs six other coils, each containing 500 yards of wire.
The reduced length of this series is above 233 miles of the standard
wire, and by combining this series of coils with the preceding, he is
able to measure resistances equal to 274} miles. For measuring
comparatively small resistances, Wheatstone employs a cylinder 10}
inches in length, and 8% in diameter, round which is wound 108 coils
of a copper wire sth of an inch thick, any part of which caa, by
turning the cylinder, be included in the circuit; but the thickness,
length, and material of the wire may be varied according to the
limits of the variable resistance required to be introduced into the
cirenit, and the degree of accuracy with which these changes are
required to be measured. This form of rkeostat may be usefully
employed as a regulator of a voltaic current in order to maintain for
any required length of time precisely the same degree of force, or to
change it in any required proportion. It would serve as a regulator
for an electro-magnetic engine. In Volta-typing operations the
advantage of using the rheostat is obvious, by varying it from time
to time so as to keep the needle of the galvanometer (which should
consist of a single thick plate or wire, making a single econvolution)
to the same point, a current of any required degree of energy may
be maintained without any notable increase or diminution, for any
length of time. These two forms of the rheostat are shown in Figs.
170,171 ; Fig. 170 being the instrument employed for great re-
sistances, and Fig. 171 that used when the resistances are smaller.
X
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Fig. 170.
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(402) By means of his rkeostat, Wheatstone has shown that the
number of turns of the cylinder requisite to reduce the needle of
the galvanometer from one given degree to another, is an accurate
measure of the electromotive force of the cirenit. He has also
proved that similar voltaic elements of various magnitudes conform-
ably to theory, have the same electromotive force ; that the electro-
motive force increases exactly in the same proportion as the number
of similar elements arranged in series; and that when ‘an apparatus
for decomposing water is placed in tbe circuit, an electromotive force
opposed to that of the battery is called into action, which is constant
in its amount, whatever may be the amount of the number of
elements of which the battery consists. The electromotive forces of
Voltaic elements formed of an amalgam of potassium with zine,
copper, and platinum, a solution of a salt of the electro-negative
metal being the interposed liquid, are given : the last combination is
one of great electromotive energy, and when a voltameter % inter-
posed in the circuit, it decomposes water abundantly. A still more
energetic electromotive force is exhibited by a voltaic element, con-
sisting of amalgam of potassium, sulphuric acid, and a plate of
platinum covered with a film of peroxide of lead. A series of 10
such elements being equal to 33 of Daniell’s, or 50 of Wollaston’s

cells.
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CHAPTER VIIIL
EFFECTS OF THE VOLTAIC CURRENT.
Luminous, thermal, magnetic, and physiological phenomena.,

(403) Ox comparing the Electricity of the Voltaic battery with that
of the Electrical battery, we find a difference between the two which
may be expressed in the three following particulars:—1°. The
intensity of voltaic Electricity, as compared with statical, is exceed-
ingly Zow: 2°. The quantity of Electricity set in motion by the
smallest voltaic circle is almost infinitely greater than that from the
electrical machine ; indeed, it has been shown by Faraday (Eap.
Resear., 871, et seq.) that two wires—one of platinum and one of
zine, each one-eighteenth of an inch in diameter—placed five-
sixteenths of an inch apart, and immersed to the depth of five-eighths
of an inch in acid, consisting of one drop of oil of vitriol and four
ounces of distilled water, at a temperature of about 60°, and con-
nected at the other extremities by a copper wire, eighteen feet long
and one-eighteenth of an inch thick, yield as much Electricity in
eight beats of a watch, or t35 of a minute, as an electrical battery,
consisting of fifteen jars, each containing 184 square inches of glass,
coated on both sides, and charged by thirty turns of a fifty-inch plate
machine: 3°. While the discharge of the electrical battery is instan-
taneous; in the wolfaic battery a current circulates in an uninter-
rupted and continuous stream, although the wire uniting the opposite
ends is constantly tending to restore the electric equilibrium.

(404) In considering the effects of voltaic Electricity, it will be
convenient to do so in relation to these three circumstances, as con-
trasting it with ordinary Electricity. In a former chapter it has
been shown, that a piece of glass or sealing wax rubbed with flannel,
and held near the cap of the gold-leaf electroscope, causes an imme-
diate divergence of the leaves; but the largest calorimotor that has
ever been constructed is incapable of producing an equal effect:
indeed, it is only by the application of the condenser that any indi-

x2
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cations of Electricity can be obtained from it ;* but with a battery of
many pairs the effect is very distinct, though water be the sole
exciting agent, as we have already seen (340). And it matters not
what the size of the plates may be; pairs of copper and zine, one
quarter of an inch square, being quite as effectual ag plates four
inches square, numerous alternations being the only requisite. Here
then we see a remarkable difference between the simple and the
compound voltaic circle, and between quantity and intensity. From
the largest calorimotor that was ever constructed, we can obtain no
direct shock, and only feeble electro-chemical effects, while thirty or
forty pairs of zinc amnd copper, four inches square, excited by the
same acid, will diverge gold leaves, give shocks, and decompose
acidulated water very rapidly: in general terms it may be stated,
coeteris paribus, that the quantity of the electric current bears a
relation to the size of the plates, and the infensity to the number of
the alternations.

(405) Thermal and luminous phenomena.—The wonderful heating
powers of an extensive voltaic battery, and the intense light emitted
between charcoal points, were noticed in the last chapter (863). In
the Proceedings of the Electrical Society (4to. volume), a series of
experiments performed with a sulphate of copper battery, consisting
of 160 cells, are detailed. The deflagration of mercury is deseribed
as most brilliant; and the length of the flame between charcoal
points, was three-fourths of an inch. Zine turnings were speedily
deflagrated, and their oxide was seen floating about the room. In
these experiments, the following interesting result was first obtained :

* With the aid of the electroscope shown in Fig. 172, constructed by Mr.
Fig. .172. , Gassiot, the Rev. Charles Pritchard (Pril. Trans.
1844) obtained signs of tension in a single cell
excited by dilute sulphuric acid with platinum
and zine. A is a glass vessel, the stem of which
is well coated with lac; B B’ two copper wires
passing through glass tubes and corks; D D’ gilt
discs, each about, two inches in diameter, attached
to the wires ; P a copper plate, with a wire passing
through a glass tube; to the end of the wire is
attached a narrow slip of gold leaf L. The dises
must be adjusted with care, so as to allow the
o leaf to be equidistant from each. If B is con-
nected by a wire atta.ched to the platinum, and B’ to another wire attached to
the zinc of a single cell of the nitric acid battery insulated on a plate of lac, and
an excited glass rod is approximated very gradually towards the plate P, the gold
leaf will be attracted to B’, or the disc attached to the zinc; and if excited
resin is approximated in a sxmﬂar manner, the gold is then a.ttracted to B or the
disc attached to the platinum.
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‘When the ends of the main wires were placed across each other (at
about one or two inches from their extremities, not touching, but
with an intervening stratum of air, the striking distance through
which the Electricity passed, producing a brilliant light), that wire
connected with the positive end of the battery became red-hot from:
the point of crossing to its extremity. The corresponding portion
of the other wire remained comparatively cold. The wires were
removed from the battery: that which had been made the positive
was made the negative, and that which had been negative was made
positive. The results were still the same :—the positive wire becom-
ing in all cases heated from its end to the point of crossing, and
finally bending beneath its own weight. When a piece of sulphuret
of barium was placed on the table, with one wire resting on it, upon
bringing the other to within the striking distance, the portion conti-
guous to the wire was fused, but could not be collected. When
sulphuret of lead was similarly placed, the metal was released in
small quantities, but when sulphuret of antimony was placed in
circuit the most brilliant effects were obtained. The negative wire
was firmly held on the sulphuret, and the positive brought to within
one-eighth of an inch of it, the heat of the flame immediately disen-
gaged the elements combined with the metal, and they were dissi-
pated in the form of vapour, leaving a small portion of fused metal in
a state of intense heat. 'When the main wires were crossed, and
their ends placed in two similar jars, containing distilled water, in
about two minutes the water in the positive cell boiled ; that in the
other presenting ho such appearance. On applying a powerful
magnet the flame from the charcoal points obeyed the known laws of
electro-magnetism, being attracted or repelled as the case might be,
or following the motion of the magnet if the latter was revolved.
But when a powerful horse-shoe magnet was held horizontally with
its morth or marked end uppermost, and the wire from the negative
side of the battery firmly pressed on the magnet, the positive wire
being brought to within the striking distance, a brilliant circular
flame of electrical light was seen o revolve from left to right as the
hands of a watech. When the position of the magnet was reversed,
. the flame revolved from right to left. The appearance of the flame
was not unlike that of the brush from the electrical machine received
on a large surface, only much more brilliant.

(406) The colour of the light which attends the voltaic disruptive
discharge varies with the substances between which the discharge
passes. If thin metallic leaves be employed, they are deflagrated
with considerable brilliancy. The beautiful effects are not, however,
owing to the combustion of the metals, though in some cases in-
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creased by this cause, but arise from a dispersion of their particles
analogous to that of the more momentary explosion of the Leyden
battery. Gold leaf emits a white light, tinged with blue; silver, a
beautiful emerald green light; copper, a bluish white light, with red
sparks ; lead, a purple; and zine, a brilliant white light, tinged with
red. The experiments may be performed by fixing a plate of polished
tinned iron to one wire of the battery, and taking up a leaf of any
metal on the point of the other wire, bringing it in contact with
the tin plate. Even under distilled water the disruptive discharge
of the voltaic battery takes place in a stream of brilliant light.

Fig. 173. Mr. De la Rue has contrived the
arrangement, shown in Fig. 173, for
submitting metals to the action of
the voltaic current. It consists of
two brass columns surmounted by a
series of holders which move on
centres, and any two opposed points
are brought into contact by a rack

and pinion adjustment.

(407) The best method of showing the power of the voltaic current
to heat metallic wire, is to roll about eighteen inches of wire into a long
spiral, and to place it in the interior of a glass tube, Fig. 174, its ends
passing through corks, or attached to screws, so as to be readily con-

Tig. 174. nected with the terminal wires of the battery: by this
> U0\ Ineans a high temperature may be communicated to the

glass tube, though the wire may not be ignited ; and by
immersing it in a small quantity of water, that fluid may
speedily be raised to its boiling point. 'When a wire in the
voltaic circuit is heated, the temperature frequently rises
first, or most at one end; but it was shown by Faraday
that this depends on adventitious circumstances, and is
not due to any relation of positive or negative, as respects
the current. Faraday has also shown (Euperimental
Researches, 853, note) that the same quantity of Elec-
tricity which, passed in a given time, can heat an inch of
- 'platinum wire of a certain diameter red hot, can also
heat a hundred, a thousand, or any length of the same wire, to the
same degree, provided the cooling circumstances are the same for
every part, in all cases.

(408) It was Lieut.-General Pasley who first applied the heating
power of the galvanic battery to a useful practical purpose. ‘While
engaged in operations on the river Thames, he was written to by Mr.
Palmer (Smee’s Electro-metallurgy, p. 297), who recommended him
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to employ the galvanic battery, instead of the long fuse then in use,
and after being put in possession of the method of operating, he
immediately adopted it, and has since turned it to excellent account
in the removal of the wreck of the Royal George at Spithead, as is
well known.

(409) The destruction by gunpowder of the Round Down CLff on
the line of the South Eastern Railway, on Thursday, 26th January,
1843, is a splendid example of the successful application of a scientific
principle to a great and important practical purpose. In this grand
experiment, by a single blast, through the instrumentality of the
galvanic battery, 1,000,000 tons of chalk were in less than five
minutes detached and removed, and 10,000/. and twelve months’
labour saved.

The following account is abridged from the Report in the Zimes

- newspaper :—* The experiment has succeeded to admiration, and
as a specimen of engineering skill, confers the highest credit on
Mr. Cubitt who planned, and on his colleagues who assisted in carry-
ing it into execution. Everybody has heard of the Shakspeare Cliff,
it would be superfluous, therefore, to speak of its vast height, were
not the next cliff to it on the west somewhat higher: that cliff is
Round-Down Cliff, the scene and subject ef this day’s operations.
It rises to the height of 375 feet above high-water mark, and was, till
this afternoon, of a singularly bold and picturesque character. Asa
projection on this cliff prevented a direct line being taken from the
eastern mouth of Abbot’s Cliff Tunnel to the western mouth of the
Shakspear Tunnel, it was resolved to remove, yesterday, no inconsi-
derable portion of it from the rugged base on which it has defied the
winds and waves of eenturies. Three different galleries and three
different shafts connected with them, were constructed in the cliff.
The length of the galleries or passages was about 300 feet. At the
bottom of each shaft was a chamber 11 feet long, 5 feet high, and
4 feet 6 inches wide. In each of the eastern and western chambers,
5,500 Ibs. of gunpowder were placed, and in the centre chamber
7,500 lbs., making in the whole, 18,000:1bs. The gunpowder was in -
bags, placed in boxes: loose powder was sprinkled over the bags, of
which the mouths were opened, and the bursting charges were in the
centre of the main charges. The distance of the charges from the
face of the cliff was from 60 to 70 feet. It was caleulated that the
powder, before it could find a vent, must move 100,000 yards of
chalk, or 200,000 tons. It was confidently expected that it would
move one million.

“The following preparations were made to ignite this enormous
quantity of powder:—At the back of the cliff a wooden shed was
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constructed, in which three galvanic batteries were erected. FEach
battery consisted of 18 Daniell’s cylinders, and two common batteries
of 20 plates each. To these batteries were attached wires which
communicated at the end of the charge by means of a very fine wire
of platinum, which the electric current as it passed over it made red
hot to fire the powder. The wires, covered with ropes, were spread
upon the grass to the top of the cliff, and then falling over it, were
carried to the eastern, the centre, and the western chambers. Lieu-
tenant Hutchinson, of the Royal Engineers, had the command of the
three batteries, and it was arranged that when he fired the centre,
Mr. Hodges and Mr. Wright should simultaneously fire the eastern
and western batteries. The wires were each 1000 feet in length, and
it was ascertained by experiment that the current will heat platinum
wire sufficiently hot to ignite gunpowder to a distance of 2,300 feet
of wire.

“Exactly at twenty-six minutes past two o’clock, a low, faint,
indistinet, indescribable, moaning subterranean rumble was heard,
and immediately afterwards the bottom of the cliff began to belly
out, and then almost simultaneously about 500 feet in breadth of the
summit began gradually but rapidly to sink. There was no roaring
explosion, no bursting out of fire, no violent and crashing splitting
of rocks, and comparatively speaking very little smoke: for a pro-
ceeding of mighty and irrepressible force, it had little or nothing of the
appearance of force. The rock seemed as if it had exchanged its solid
for a fluid nature, for it glided like a stream into the sea, which was
at a distance of 100 yards, perbaps more from its base, filling up
several large pools of water which had been left by the receding tide.
As the chalk, which crumbled into fragments, flowed into the sea
without splash or noise, it discoloured the water around with a dark,
thick, inky-looking fluid; and when the sinking mass had finally
reached its resting place, a dark brown colour was seen on different
parts of it which had not been carried off the land.”

(410) The circumstance of so little smoke being seen attendant on
the combustion of such a prodigious quantity of gunpowder, occa-
gioned to many a good deal of surprise, and induced a belief that the
whole of the gunpowder had not been fired; but when we consider
that the smoke owes its visibility principally to the solid and finely
divided charcoal* which is suspended in it, and that in passing
through such an immense mass of limestone, it must have been fil-

* The principal gaseous results of the combustion of gunpowder are carbonic
oxide, carbonic acid, nitrogen, and sulphurous acid; the solid residue consists of
carbonate and sulphate of potassa, sulphuret of potassium, and charcoal.
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tered as it were from this solid matter, our wonder at the absence of
smoke on this occasion will cease.

(411) It was first pointed out by Mr. Grove (Phil. Mag. Dee.
1845 Phil. Trans. 1847) that there is a striking difference between
the heat generated in a platinum wire by a voltaic current according
as the wire is immersed in atmospheric air or in other gases. He
found, by including a voltameter in the circuit, that the amount of
gas yielded by the battery is in some inverse ratio to the heat
developed in the wire, and by placing a thermometer at a given
distance he further showed that the radiated heat was in a direct
ratio with the visible heat. The following remarkable experiment
was made. Two glass tubes of precisely the same length and internal
diameter were closed with corks at each extremity; through the
corks the ends of copper wires penetrated, and joining these were
coils of fine platinum wire one-eightieth of an inch in diameter and
3'7 inches long when uncoiled. One tube was filled with oxygen
and the other with hydrogen, and the tubes thus prepared were
immersed in two separate vessels in all respects similar to each other,
and each containing three ounces of water. A thermometer was
placed in the water in each vessel, the copper wires were connected
s0 as to form a continuous circuit with a nitric acid battery of eight
cells, each cell exposing eight square inches of surface. Upon the
circuit being completed, the wire in the tube containing the oxygen
rose to a white heat, while that in the hydrogen was mot visibly
ignited ; the temperature of the water, which at the commencement
of the experiment was 60° Fahr. in each vessel, rose in five minutes
in the water surrounding the tube of hydrogen from 60° to 70°, and
in that containing the oxygen from 60° to 81°. Here then we have
the same quantity of Electricity passing through two similar portions
of wire immersed in the same quantity of liquid, and yet in conse-
quence of their being surrounded by a thin envelope of different
gases, a large portion of the heat which is developed in one portion
appears to have been annihilated in the other. Similar experiments
were made with other gases, and it was found that hydrogen far
exceeded all other gases in its cooling effect on the ignited wire.
The following was the order of the gases, both by direct experiment
and by testing the intensity’ of ignition by the inverse conducting
power of the wire as measured by the amount of gas in a voltameter
included in the circuit.

Cubic inches of gas evolved in
Gases surrounding the wire, the voltameter per minute.

Hydrogen . & 5 ! : i LT
Ctefion®; gan viviineiliz i faailogy o o) ol LG
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Cubic inches of gas evolved in

Gasses surrounding the wire, the voltameter per minute.
Carbonic oxide . ; 3 e . 66
Carbonic acid . 3 A . % . 66
Oxygen . i : - oy . 65
Nitrogen I T ARSI PTR i

(412) Experiments were made by Mr. Grove in order to ascertain
whether the phenomenon was occasioned by the varying specific heat
of the media surrounding the wire, but the results were of a negative
character. It then occurred to him that from the recognized analogy
in chemical character of hydrogen to the metals, this gas may possibly
Ppossess a certain conducting power, and thus divert a portion of the
current from the wire. An experiment, however, with a battery of
500 cells of the nitric acid arrangement failed to show the slightest
conducting power either in this gas or in atmospheric air. Neither
can the cooling effects of different gases be in any way connected
with their specific gravities, since carbonic acid on the one hand and
hydrogen on the other, produce greater eooling effects than atmo-
spheric air; and olefiant gas, which closely approximates air, and is
far removed from hydrogen in specific gravity, much more nearly
approxithates hydrogen, and is far removed from air in its cooling
effect. On the whole, Mr. Grove is inclined to think that although
influenced by the fluency of the gas, the phenomenon is mainly due
to a molecular action at the surfaces of the ignited body and of the
gas. 'We know that in the recognized effects of radiant heat, the
physical state of the surface of the radiating or ‘absorbing body
exercises a most important influence on the relative velocities of
radiation or absorption: thus black and white surfaces are strikingly
contra-distinguished in this respect. “ Why,” he asks, “ may not the
surface of the gaseous medium contiguous to the radiating substance,
exercise a reciprocal influence ? 'Why may not the surface of hydro-
gen be as black, and that of nitrogen as white to the ignited wire P’
Mzr. Grove thinks this notion to be more worthy of consideration as
it may establish a link of continuity between the cooling effects of
different gaseous media, and the mysterious effects of surface in
catalytic combinations and decompositions by solids such as platinum.
‘Whatever may ultimately prove to be the real cause of the cooling
influence of different gases, it is evident from Mr. Grove’s experi-
ments, that it is to be referred to some specific action of Aydrogen, as
the differences of effect of all gases other than hydrogen and its
compounds, are quite insignificant when compared with the differences
between the hydrogenous and other gases.. Mr. Grove (the tendency
of whose mind is to make practical applications of the facts disclosed
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by science) suggests that the experiments now detailed may ulti-
mately find some beneficial applications in solving the problem ot
a safety-light for mines. A light which is just able to support
itself under the cooling effect of atmospheric air, would be extin-
guished by air mixed with hydrogenous gas; indeed it is almost
impossible to obtain the voltaic arc in hydrogen, though in nitrogen,
which is equally incapable of combining with the terminals, it can
be obtained without difficulty.

flame between pencils of well-burnt boxwood charcoal, or which
answers better, between pencils formed of that plumbago-like sub-
stance found lining the interior of long used coal-gas retorts. The
arched form of the flame is owing to the ascensional force of the
heated air. With respect to the charcoal light, it was noticed by
De la Rive, with a Grove’s battery of forty pairs (Proc. Elect. Soc.),
that the luminous arc cannot be obtained between two charcoal points
until after’ the two points have been in contact, and are heated
around this point of contact. 'We may then by separating them
gradually succeed in having between them a luminous arch an inch
or more in length. "Wood charcoal, which, after having been power-
fully ignited, has been quenched by means of water, is that which
gives the most beautiful light, on account of its con- Fig. 176.

ducting power being increased. Coke, though it
succeeds as well as charcoal, does not give so brilliant
and white a light: it is always rather bluish, and
sometimes red. The transfer of particles of carbon
from the positive to the negative pole, whilst the
luminous arch is produced, is evident ; but it is espe-
cially sensible i vacuo, Fig. 176. A cavity is observed
to be formed in the point of the positive charcoal, pre-
senting the appearance of a hollow cone, in which the
solid cone, formed by the deposition of particles of
carbon, might penetrate almost exactly. The pheno-
menon is almost the same in the air, except that the
accumulation of carbon on the negative point is less,
because a portion of the molecules burns in the transfer;
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and the positive point presents only a flat instead of a hollow surface.
This latter result probably arises from the combustion of the thin
exterior of the hollow cone, which must be formed in air as well as
in vacuo.

It is this more rapid consumption of the positive, than the negative
carbon which bas hitherto been one of the chief difficulties in the
application of the electric light to practical illumination. Many
attempts have been made to overcome this difficulty, but the most
simple, perfect, and portable apparatus are those invented by M.
Jules Duboscq and by M. Deleuil. The object to be attained is the
maintenance of the charcoal terminals at a constant distance from
each other. The lower or positive carbon is in Duboseq’s lamp pressed
upwards by a spring, the action of which is regulated by an endless
screw set in motion by a lever, which is worked by an electro-magnet ;
this electro-magnet, enclosed in the pillar of the lamp, is only active
when the circuit is complete, the moment therefore the charcoal
terminals become separated, its iron keeper is detached, and the
action of the spring, previously restrained by the screw, is put in
force, and the carbon terminals are again brought into contact. The
light is by this means kept tolerably constant. Deleuil’s regulator

Fig. 177. is shown in Fig. 177. The negative

9 ‘ carbon N is attached to a metal rod,

- which slides through the ball D with
sufficient friction to remain perma-
nent wherever it may be placed:
the positive carbon P rises gradually
by the operation of the voltaic

current itself, so as to preserve a

constant interval between N and

P. The apparatus by which this is

effected is situated beneath the frame
. of the instrument, and is shown

separately in Fig. 178. A lever, A,

is attached at one end to the spiral

B, the other being retained between

the points of two screws, so that

the lever itself has freedom of
motion vertically, but to a very small
extent about the pivot L. Eisan
electro-magnet round which the

battery current circulates. I is a
steel spring in contact with one of the teeth of the vertical rod K,
which carries the positive carbon P. C is an apparatus for regulating
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the spring B. Suppose now Fig. 178,
the voltaic current to pass with

its full intensity round the ‘ e
electro-magnet E,the armature
on the lever will be imme-

i, |

Ty = "\,g

diately attracted, the resistance & %)m:
of the spiral R will be over- T ——
come, that end of the lever

will descend, and the rod K &I
will be restrained or trigged by the spring I: as the distance
between the ignited carbon N P increases, the current circulating
round the electro-magnet gradually diminishes, till the force of the
spiral R predominates ; that end of the lever now rises, and the
spring I forces the rod K upwards, the carbons are thus again
brought into contact, the current again circulates round the electro-
magnet, the rod K is again restrained, and in this way a series of
periodic movements is kept up, the result of which is to keep the
carbon terminals constantly within the proper distance for the
passage of the disruptive discharge. To preserve the ignited termi-
nals from the cooling influence of the external air, they are enclosed
in a glass cylinder and a metallic reflector R, which may be removed
at pleasure, is placed behind them.

Fig. 179 represents the arrangement of Foucault’s experiment of

Fig. 179,

hrowing the image of the carbon terminals during ignition by means
if alens on a screen. It shows in a beautiful manner the gradual
vearing away of the positive and the increase of the negative carbons.
‘be small globules or spees observed on the chareoal arise from the
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fusion of the minute quantities of silica contained in the coal. When
the voltaic current is thrown on, the negative carbon first becomes
luminous, but the light from the positive is afterwards much the
most intense, and as this is the terminal which wears away, it should
be somewhat thicker than the other.

(414) On reflecting on the remarkable difference between the
heating effects of the positive and negative wires of the voltaic
battery (405), it occurred to Mr. Grove (Phil. Mag. vol. xvi.’p. 478)
that it might be due to the interposed medium, and that were there
any analogy between the state assumed by voltaic electrodes in
elastic media, and that which they assume in electrolytes, it would
follow that the chemical action at the positive electrode in atmo-
spheric air would be more violent than that at the negative, and that
if the chemical action were more violent, the heat would necessarily
be more intense.

By experiments performed with an arrangement of thirty-six pairs
of his nitric acid battery, Mr. Grove established the following
points :—

1°. If zinc, mercury, or any oxidable metal constitute the positive
electrode, and platinum the negative one, in atmospheric air, while
the disruptive discharge is taken between them, a voltameter inclosed
in the circuit, yields considerably more gas than with the reverse
arrangement.

2°, In an oxidating medium, the brilliancy and length of the are
are (with certain conditions) directly as the oxidability of the metals
between which the discharge is taken.

8°. In an oxidating medium the heat and consumption of metal is
incomparably greater at the anode than at the eathode.

4e. If the disruptive discharge be taken in dry hydrogen, in azote,
or in a vacuum, no difference is observable between the heat and
light, whether the metals be oxidable or inoxidable, or whether the
oxidable metal constitute the posit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>