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PREFACE.

The favourable manner in wMcli the former editions of tlie

Anthor'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 accoimt 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 Yoltaic
; Thermo-Electricity, and

Electro-physiology. In the Second Part, which is in active pre-

paration, and which wiU, 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 weU-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 accimiulation, 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 himseK 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 ILospital, Octoler, 1855.
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STATICAL OS PBIOTIONAL EL35CTEICITT.

for contemplation and admiration, it is no wonder if Electricity should

be a favourite and a fascinating study.

(2) Common, or 8tatical Electricity, withwHch we shall first be engaged,

although occupying so prominent a place in modern science, cannot be

said to date its entrance into physics before the beginning of the

eighteenth century. Thales of Miletus, who lived 600 years hefore 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 (b.o. 321), and of Pliny (a.d. 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 use which the fish makes of its power for securmg 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 Eustathius. (a.d. 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.

(3) 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, buteven stones and 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 m

the south, and the air moist, it was difficult and sometimes impossible to

'71) 'Ltle!tnd his contemporary, Otto Guericke, occupied themselves

with similar experiments. The latter constructed an electrica machme

of a globe of sidph^, and with it discovered electric bght, and the fact

that a light body when once attracted by an excited electnc was repelled

by it, and was incapable of a second attraction until it had been touched

bv some other body Newton substituted a globe of glass for one of

srhur uW as I rubber the palm of his hand; he also was the first*
that^Electricity may be excited on the side of a disc of g ass

olosle to the side which was rubbed. Hawksbee also used a glass

ir id xnade several observations on the light emitted by various

?-;Vs-.ittingt^^^

(5) The true foundation of Electricity as a science was laid by
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Stephen Gray (a.d. 1720—1736). This indefatigable experimentalist

fii-st showed that Electricity could be excited by the friction of feathers,

hah', silk, Hnen, woollen, paper, leather, wood, parchment, and gold-

beaters' skin; he next discovered the communicatioa of Electricity from

excited bodies to bodies incapable of excitation at distances of several

hundi-ed 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 ^rmci>Ze, of induction, and was on the threshold of the discovery of

the two opposite Electricities, an honour reserved for his Erench

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 circumstance of its being developed by the friction

of glass, rock crystal, precious stones, &c., he called vitreous ; 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 attract 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 Kght 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 Gray 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,

oU, 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,

B 2



4 STATICAL OE FEICTIONAL ELEOTEIOITT.

having observed that electrified bodies exposed to the atmosphere speedily

lost their electric virtue, conceived the idea of surrounding them with an

insulating substance, by vphich 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

to Dr, Lieberkuhu, 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 electrified, remarkable efiects

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 mercury,, 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 electrifying glass, or the prime conductor to which it hath been

exposed 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 nai]^ I receive a shock which stuns my arms and shoulders." In

describing the eflect produced on himselfby taking the shock from a thin

glass bowl, Muschenbroek stated, in a letter to Reaumur, that " he felt

himself struck in his arms, shoulders, and breast, so that he lost his breath,

and was two days before he recovered from the efi'ects 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 account of his 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 it." "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 I

'

' The lady of this pro-
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fessor took the shock twice, and was rendered so weak by it that she

could hardly walk. The third time it gave her bleeding at the nose.-

Such was the alarm with which these early electricians were struck, lay

a sensation which thousands have since experienced- in a much more •

powerM 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 affected.

(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 success 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) In repeating the experiments with the Leyden phial, Mr. Wilson,

of Dublin, discovered the lateral 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 Eiver Thames, at West-

minster Bridge, and a few days after he caused it to make a circuit of

two miles at the New Eiver, at Stoke Newington ; a circuit of four miles,

two of wire and two of dry ground, was accomplished in August ;
and ia>

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 often 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) It was in the year 1747 that, in consequence of a communication

from Mr. Peter CoUinson, a Mow of the Eoyal 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 wa,s 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

his mistakes when they were corrected by subsequent experiments."

The opinion adopted by Eranklin 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 elec-

tviQ.eA. positiveli/ 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) In 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 Electricity, 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

;

Eranklin 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

^^ere insulated ; but tliough a single jar could not be charged unless its

outer coating were in communication ^.ith the earth, Pranklm 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 wn-e

from the last to the floor." With the jars thus charged he constructed

a battery by separating them, and then putting tbeir insides and outsides

in metallic communication.
-, , i

(13) Another capital discovery of Franklin's related to the place where

the Electricity resides in the charged Leyden phial. Having charged a

iar he removed the wire by which the Electricity was conveyed from the

machine, and poured out the water whicb 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 witb 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 Electricity m 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.

Erom 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 Abb6 Nollet, who,

in the foiirthvolume of his Legons de Physiq^ue, publishedtowards the close

of the year 1748, thus expresses himself; " If any one should undertake

to prove as a clear consequence of the phenomenon, tbat thunder ism the

hands of nature what Electricity is in ours,—that those wonders wbicb

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

eff^ects 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 electrified, 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 not appear to be any published suggestion of

Pranklin'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. Electricity fires combustibles; so does lightniDg.

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 produces blindness ; Eranklin rendered a pigeon blind by

a stroke of Electricity intended to kill it. Lightning destroys animal

Kfe ; the American philosopher killed a turkey and a hen by electrical

shocks.

(16) It was in the June of 1752, that Eranklin 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 Erench

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 cure was absent.

(17) The following is the account transmitted to ns of Franklin's bold

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, coidd

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 nnder 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 bristhng 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 pi'esented 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) Eranklin 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 conceived 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 a hovering 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 Eomas : 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 off from

the conductor. In the year 1753, a fatal catastrophe from incautious

experiments upon atmospheric Electricity, occurred to Professor

Eichmann, 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. Eichmann 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 SKETCH. 11

of tis waistcoat singed ; Sololcow was at the s£tme time struck senseless.

This dreadful accident was occasioned by the neglect on the part of

Eichmann 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 Beecaria 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 ; the rough 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 silli, 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 Eoyal Society, December 6tb,

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

Electricityto air. " Take a charged phial in one hand, and a lighted candle

insulated in the other ; and going into any room, bring the vrire 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."

—

Friestley's

History of Electricity, 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 CEpinus 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 Beccai'ia bear evidence to his extra-

ordinarv acuteness and accuracy. He was the first philosopher who
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diligently investigated and described the phenomena of a thunder-storm.

His account of the circumstances attendant on this majestic spectacle will

be given in the proper place. He first shov^ed 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 Eranklin

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 wnagine that it must

he 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 distinctly

foreshadowed.

(22) Beccaria's Treatise on Atmospheric Electricity was published in

1753, at Turin, and his " Lettere dell' Ettricisrao " at Bologna, in 1758.

The latter contain the results of many important investigations. He
showed that water is a very imperfect conductor of Electricity.; that its

conducting poAver is proportional to its quantity, and that a small

quantity of water opposes a powerful resistance to tlie electric fluid.

By discharging shocks through wire& placed very near to each other in

a tube full of water, he succeeded in making the spark visible in that

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.

Beccaria also decomposed sulphuret of mercury by the electric sparky

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 wheni

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 QEpinus, 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

99^^ and 212° Fahrenheit, was requisite. A more important discovery.
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due to this G-erman philosopher (in conjunction 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 principle 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

JSledropJiorus and the Condenser. In the year 1759, ffipinus published,

at St. Petersburg, a new theory of Electricity, founded on the follow-

ing principles :

—

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 attract the particles of all

bodies, and are attracted by them with a force obeying the same law.

3°. 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 difRculty in electrics, such as glass, resin, &c.

4°. Electrical 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 Eranklin'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. E-obert Lymner,

in 1759. In pulling off his stockings in the evening he had remarked

occasionally 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 tivo black or two 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 each showed the entire shape of the

leg, and at a distance of a foot and a half they rushed to meet each

other, and remained stuck torjether with such tenacity that a force of

several ounces weiyht tvas 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 black 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 natiu'al 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 M-hen negatively

electrified a larger portion of the other, and not, as Franklin's theory

supposes, an actual deficiency of electric matter. Lymner 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 OEpinus, with whose researches on the

subject he was quite xmacquainted. 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 one part of salt, conducts ICQ

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 j)lates 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 Grilpin, he demonstrated experimentally

to the EiOyal Society, the formation of nitric acid, by exploding a

mixture of seven measures of oxygen gas with three measures of

nitrogen. AVhether 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 foi'm 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, 1st, 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 tlie Steam Eugiue," seventh edition, p. 303 ; see also Arago's

" Historical Eloge of James Watt," translated by Muirbcad, p. 96, et scq., and the

Historical Note by Lord Brougham, appended to the same.
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coiKiucting 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 cylinder,

and satisfactorily illustrated the doctrine of points, which formed so

prominent a pai-t of the researches of Eranklin. 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 pressui;^ 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 aU. insulators, insulating ten 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 series 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 Coulomb, before the theorems

themselves had been investigated. On bodies of elougated 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 it 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 Yolta's condenser.

When sulphuric acid, diluted with three parts of water, was poured

upon iron filings, inflammable air was disengaged with brisk efi'er-

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 wheij 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

had 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 *e much mitigated by lighting enormous fires on elevated

situations, the air being thereby robbed of its Electricity. It does

not appear that Yolta ever carried this design into eftect, though it was

suggested by Arago that the conjecture might be tested in Staflbrdshire,

and other English covmties wliich abound in iron furnaces.

(29) Having thus briefly sketched the prominent features in the

history of Statical Electricity 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.



PKIMABY PHENOMENA.

CHAPTEE II.

Primary phenomena of frictional Electricity—Attraction and repulsion—Positive and

negative conditions—Conductors and non-conductors—Electroscopes 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 untU 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

untd, by remaining undisturbed for some time, it has lost it by dissi-

pation into the atmosphere.

2°. If a stick of common sealing-wax be rubbed with a piece of dry

flannel, or if a 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 attract 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. i,

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-

liug 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

contact in the preceding experiment.

4P. If the pith-balls be suspended by thin metallic wires, or threads, or

if the silk filaments be moistened, it will be found impossible to excite

0



18 STA.TICAL OR I"B.ICTI01TA.L ELBCTEICITT.

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 inches in diameter, and if the paper be

smoothly and evenly cut, they will retain an electrical charge for a long

time, .

(31) Prom these simple experiments welearn several important elec-

trical facts :— • 1 V -u
•

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.

3°. That having once attracted they afterwards repel them.

4P. That resinous substances, such as sealing-wax, and gutta percha,

are also capable of receiving electrical excitation by being rubbed.

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

6° That though excited glass and excited resin agi-ee in then- property

of attracting Hght matter, the property called forth by fiictionin 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 shaU retain for any length of tune the

Electricity communicated to them, they must be insulated from the earth.

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

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 wiU 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 sHk, glass, and gutta percha, and others, siich 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 gvon^s-eonductors and non-conditctors ; an arrangement

useful and sufl&ciently correct for general purposes, though the recent

researches of Earaday and others have shown us, that as there are m

reality no substances which can strictly be called perfect conductors of

Electricity, so there are none which absolutely refuse a passage to tins

agent. Conductors and non-conductors (so called) differ only m the

degree of their conducting and insulating power; and all knovm sub-
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stances may be regarded as links of tlie 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. It 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 ia many eases 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, Earaday

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 un electrified,, 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.

(35) Mr. Barlow {Phil. Mag., 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 sUk 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 eff'ect the hand should pass over the rubbing surface at an angle of

0 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 mucb increased by applying a second rubber of silk or borse-bair

outside tbe strip ; the quantity of Electricity developed increasing with

the surface of the guttapercha. ^ •,

Gutta percha may be excited both positively and negatively. It a

strip about two inches wide and two feet long 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 vvtreous

Electricity, and the two extremities attract each other.

(36) Among good conducting substances maybe classed all metals

charcoal, strong acid, water, steam, smoke, and .11 vegetable and anima

substances containing water ; while among the more or less perfect

insulators may be included, gutfca percha, shell-lac, amber, resins sulphur,

glass, different transparent gems, silk, feathers air and aH dry gases

gun cotton, and organic substances perfectly free from water, &c. A

substance belonging to the first class when placed upon one m the second

list is said to be insulated from the earth. Atmospheric aix must, it

is clear, be ranked among the most perfect non-conductog
^

it gave a free passage to Electricity, the electrical effect, excited on the

BuLe of any body surrounded with it would quickly disappear and no

Te manent cLrge could be communicated: but tins is contrary to

experience. Water, on the other hand, whether m the liquid or

Tap rou7form,beinga conductor, though of an order very mferior to

Zt of the metals, affects in a very important manner all_ electrical

experiments, as it is constantly present in the atmosphere in greater

or lZ quantity, hence one of the reasons why electrical expen-

ment ar^mad^ with more facility, and the desired effects produced

"fth more certainty and success in cold and dry weather, when he

Atmosphere holds but little aqueous vapour suspended m it; ano her

nr ous tendency of the watery vapour in the atmosphere is, that

i b s to b'ecome deposited on the surfaces of bodies, thereby

L'troytg their insulating power. The insulating supports of elec-

^^IZU^^^ -^- -ade of glass on .-hich mois ure is very

<inv Losited- they should therefore be coated with a thin layer of

;ltS.d'in spirits of wine, or for delicate experiments be made

(87) The 11^;^"^^
. ,p^^.^ 1833). He found that

beautiful experiments l^^J^^^ ^ was not effective with Electricity

though the
-^^-^f^l^^Z^^^^ fi,. was sufficient to obstruct
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battery; chloride of lead, cliloride of silver, sulpliuret 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,

&c., refused a passage to the current, whether liquid or solid.

Paraday 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.

3°. 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.

4P. But there are many flmd bodies which do not sensibly conduct

Electricity of this low intensity; there are some which conduct it and are

not decomposed, nor is fluidity essential to decomposition.

5°. There is but one substance (periodide of mercury) which, insulating

a voltaic current when solid and conducting it when fluid, is not decom-

posed in the latter case.

6°. There is no electrical distinction of conduction which can as yet

be drawn between bodies supposed to be elementary and those known to

be compounds.

(38) In a subsequent paper (JPhil. Trans. 1835), Earaday expresses

his conviction that insulation and conduction depend upon the same

molecTilar action of the dielectrics concerned,—are only extreme degrees

of one common condition or effect, and in any sufGcient 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 to both is raised to the highest degree, whereas in- insulation it

occurs in the best cases only in an almost insensible quantity. The beauti-

ful experiments of "Wheatstone have shown that even in metals time enters

as an element into the conditions of conduction, affording therefore a

proof of retardation ; and Earaday has been able to trace the progress of

conduction as it were step by step through masses of spermaceti, glass,

and shell-lac, acknowledged insulators ; but retardation is in the latter

case insulation, 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. Dry chalk.

Well burnt charcoal. Native carbonate of barytes.

Plumbago. Lycopodium.

Concentrated acids. Caoutchouc.

Powdered charcoal. Camphor.

Dilute acids: Some siliceous and argillaceous

Saline solutions. stones.

Metallic ores. Dry marble.

Animal fluids. Porcelain.

Sea water. Dry vegetable bodies.

Spring water. Baked wood.

B-ain water. Dry gases and air.

Ice above 13° Pahr. Leather.

Snow. Parchment.

Livinff vegetables.o o Dry paper.

Livinc: animals. Peathers.

Plame smoke. Hair

Steam. Wool.

Salts soluble in water. Dyed silk.

Harefied air. Bleached silk.

Yapour of alcohol. Eaw silk.

Yapour of ether. Transparent gems.

Moist earth and stones. Diamond.

Powdered glass. Mica.

Plowers of sulphur. AU vitrifications.

Dry metallic oxides. Glass.

Oils, the heaviest the best. Jet.

Ashes of vegetable bodies. Wax.

Ashes of animal bodies. Sulphur.

Many transparent crystals dry. Resins.

Ice below 13° Pahr. Amber.

Phosphorus. Shell-lac.

Lime. Gutta percha.

(40) Opposite Bloctricities.—We have seen that excited resin and

excited glass, though they both attract light substances, exhibit each a

difevent kind of force. Hence the name of resinous Electricity as
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applied to the former, and of vitreous as applied to the latter. These

terras 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 wooUen 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 vUreously 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

simHar reasoning, we are led to the inference that the cloth is vitreously

electrified.

30. When a piece of polished glass is rubbed, first with a wooUen

cloth and then with the fur of a cat, and examined after each excitation

by a pith-baU, it is found in the first case vitreous, and in the second

resinous. A wooUen 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

partiaUy 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 Icind of JElectricity cannot he produced

without the other; and of two substances which ly mutual friction

excite JElectricity, one is invariably positive, and the other negative, after

the friction,

(42) K 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 general 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 {Mements of Mectrieifi/,

p. 33), on the authority of CavaUo, exhibits these effects between a

variety of substances.

The hack of a cat

Smooth glass

Rough glass

Tourmaline

Hare's skin

White silk

Black silk

Sealing wax

Baked wood

Is reudered

Positive

Positive

Positive

^Negative

\ Positive

( Negative

f Positive

[, Negative

Positive

Negative

r Positive

j

Negative

( Positive

Negative

( Positive

{ Negative

By friction with

Every substance with which it has hitherto been tried.

Every substance hitherto tried except the back of a

cat.

Dry oiled silk, sulphur, metals.

Woollen cloth, quills, wood, paper, sealing wax, white

wax, the human hand.

Amber, blast of air from bellows.

Diamonds, the human hand.

Metals, silk, loadstone, leather, hand, paper, baked

wood.

Other finer furs.

Black silk, metals, black cloth.

Paper, hand, hair, weasel's skin.

Sealing wax.

Hare, weasel, and ferret f\ir, loadstone, brass, silver,

iron, hand, white silk.

Some' metals.

Hair, weasel, and ferret fur, hand, leather, woollen

cloth, papei', some metals.

Silk.

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 expernnent

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 m another, if the

former have its surface scratched and the latter be perfectly smooth.

(44) MectToscopic Apparatus,-l^y^ivyxmevX^ for indicating the pre-
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sence and kind of Electricity are called Mectroscopes ; those ty

which its quality under various conditions is measured, are called

Electrometers. Various forms have been given to both classes of

instriunents, 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, sufacient 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 efi'ect 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 Grilbert and Haiiy consisted of a light

metallic needle, terminated at each end by a .
2.

light pith-ball covered with gold leaf, and

supported horizontally by a cap 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-

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 stown iu Fig. 4. It

consists of a short bent

brass wire, A, B, C, to either

end of which is fixed 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 disc 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

wooden frame, by a fine silk or glass filament, C

(Fig. 5), a delicate rod of lac, D, carrying at one

of its ends a gilt paper disc, B. This disc, in its

natural state, wiU be attracted by any electi-ified

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

as its indications are visible at considerable distances,

it is a form of Electroscope well adapted for the

lecture room. A stick of lac, carrying at one end

a gilt paper disc, forms a very convenient apparatus

for conveying small charges of Electricity from one

body to another ; the paper should be smoothly

gilt and the edges free from asperities.

(48) Fi- 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, a b, by the intervention of a

short tube of brass at a : the rod a h terminates m a brass ball, b, and is

insulated through the substance of the wood ball, n.

Two arms of brass, r r, are fixed vertically m opposite directions on

the extremities of the long diameter of the ring, and termmate m small

baUs • and in the direction of the shorter diameter withm the ring there

Fig. 5.

' '^—=n

c

If L
7



ELECTEOSCOPIC APPAUATtfS. 27

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 M
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, a, in which the

glass rod is fixed.

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 evidenf,

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 carefuUy 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 AV. 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

Eev. Mr. Bennett, and improved by Mr. Singer. The original instru-

ment is shown in Eig. 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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Fior. 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 sufliciently 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 perfection 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 Avithin a narrow

channel, was led to make the capital improvement in

Bennett's Electroscope, illustrated in Eig. 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

with any part of the tube, in the middle of which it is

fixed with a plug of silk or of gutta percha, Avhich

keeps it concentric with the internal diameter of the tube :
a brass cap,
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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.

—

Singers Mectricity.

(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,

so as to allow of their hanging parallel and free without touching.

—

Harrises 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. Eobert Hare, of the university

of Pennsylvania, {Silliman's Jottrnal, 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 disc 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 Eig. 9. When it Hg. 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

into contact with the cap. If the distance be-

tween the gold leaf and the disc, B, is very small,

the most minute force of attraction is made
apparent. When it is required to determine the

hind of Electricity with which a body is charged,

the insulated disc, 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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Flff. 10.

wax), the gold leaf is first attracted and then repelled. Under 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>ith

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 {FhU. Trans.,

1844), by placing a gilt disc on eacli side of the gold leaf, and with

this modification of the instrument he obtained signs of tension m a

single cell of the voltaic battery.

(52) By substituting for the gHt discs, in Hare's Electroscope, the

poles of the dry electric column the sensibiHty of the instrument

is wonderfully increased. An apparatus of this kind was first con-

structed, in 1820, by Bohnenberger. It is shown m Eig 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 axe 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

minute quantity of Electricity communicated to

the cap of the instrument will disturb this neutral

condition of the leaf, and it wiU immediately move towards the plate

which has the opposite polariiy. Mr. Sturgeon describes {Lectures on

Galvanism, 1843) a somewhat similar arrangement, the delicacy of wh ch

he states t^ be such, that the cap, being of zmc and of the size of a

sixpence, the pendent leaf is caused to lean towards the negative pole

merely pressing a plate of copper, also the size of a sixpence, upon

•/ and Yen the copper is suddenly lifted up the leaf strikes. The

different electrical states of the inside and outstde of various articles of

clothing were readily ascertained by this delicate Electroscope

m Fro-MeJicity of Minerals.-Bnt it is not by friction alone

that Electricity is developed; the natural Electricity of a substance

^Ifu b d by almost every form of mechanical change o which it

13 disturoea oy
^^gggure is quite sufficient for the purpose.



PTEO-ELEOTEICITT 03? MINEEALS. 81

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 beated; 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 vitreous 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 Haiiy, who found that the Electricity

was distributed over tbe 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 crystal, 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 wUl 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 tbe 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 whicb its

Electricity disappears. It was found, however, by Haiiy that at a

certain degree of coldness, the Electricity of the mineral re-appears,

and gradually increases till it reaches 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

now negative.

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

—

MINERALS.
Calcareous Spar. Sulphate of Barytes.

Beryl, YeUow. Sulphate of Strontia.
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Carbonate of Lead.

Diopside.

Pluor Spar (red).

Fluor Spar (blue).

Diamond.

Tellow Orpiment.

Analciine.

Ametbyst.

Quartz.

Idocrase.

Mellite. (?)

Sulpbur (native).

Grarnet.

Dicbroite.

Sulpbate of Magnesia,

Prussiate of Potasb,

Sugar.

Acetate of Lead.

Carbonate of Potasb.

Citric Acid.

Corrosive Sublimate.

Fig. 11.

AETIFICIAL CETSTALS

Tartrate of Potasb and Soda.

Tartaric Acid.

Oxalate of Ammonia.

Cblorate of Potasb.

Sulpbate of Magnesia and Soda.

Sulpbate of Ammonia.

Sulpbate of L:on.

To tbe above list must be added oxalate of lime, wbicb, according to

Earaday, stands at tbe bead of all bodies yet tried, in its po^er of

becoming positively electrical by beat. At a temperature
^

of about

300" Pabrenbeit, it becomes so strongly electrical wben stirred in a

basin witb a platina spatula, tbat it cannot be collected togetber
;
and

wben its particles are well excited and

sbaken on tbe top of a gold leaf Elec-

trometer, tbe leaves diverge two or tbree

incbes. Wben tbis salt is excited in a

silver basin, and left out of contact witb

tbe air, it continues electrical for a great

lengtb of time, proving its very bad con-

ducting power, in wbicb it probably sur-

passes all otber bodies.

(56) Mectrometers ; law of electrical

attraction and rc2)nlsion.—lt bas been

mentioned (26) tbat tbe law of electrical

attraction and repulsion was determined

by Coulomb witb tbe aid of bis Torsion

Electrometer. Tbis exquisite contrivance

is sbown in Eig. 11, wbere A B C D is a

glass cylinder, wbicb is covered witb a

plate of glass, A B, tbirteen incbes in

diameter. Tbis plate is perforated witb

two boles, e and a, tbe former beiug in-

tended to receive a tube of glass, e Q, two

feet bigb, 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, Gr 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,

c 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 c 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 E, divided into 360°, is pasted

round the cylinder, on a level with the needle, and at the hole, a, there

is introduced a small cylinder, a I, the lower end of which, made of gum
lac, carries another ball, I, of the pith of elder. The instrument is

adjusted when a line passing through the centre of the silver wire, Gr H,

at P, passes also through the centres of the balls h and c, and points to

the centres of the graduated circle, E E.

(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

commimicated to the ball h, which is then brought into contact with the

ball c, mutual repulsion takes place (31), and the needle, c d, is turned

through a certain arc. By turning however the micrometer button in

the direction JST P, the wire, Gr 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 c, and that by comparing the force of torsion,

which balanced the repulsive forces at different distances of the baUs,

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 using, and the nature of the indications of this instrument.

He communicated an electrical charge to b, and having brought it into

contact with c, the latter was repelled, and finally took up a position at

an angle of 36° from h, the wire Gr 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 36° and 18°, is therefore 36 and 144, or

in other words, when the distance is diminished one half the force
, had

increased fowr times. Again, to maintain the balls at a distance of 8 §°

apart, the angle of torsion was 575^°, or very nearly 144X4, showing

that when the distance is diminished one fourth (or very nearly so) the

force has increased ei^ht times. Erom this and similar experiments at
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other distances, Coulomb established.the important electrical law, "that

ftoo small spheres, electrified hy similar electricities, repel each other with

aforce inversely proportional to the squares of the distances heiween 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 the attractive force mcreasmg

in .a greater ratio than the force of torsion. The difficulty was provided

against by extending a thread of fine silk verticaUy 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 m a dn-ection

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 sguare of the distance between the electrified

bodies was increased.
^ . . ^ -ru

(59) In consequence of the great care required m 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 Erench mathematicians, rest

their mathematical theory of Electricity entirely upon them; Earaday

however employed this instrument in his investigations mto the nature

of induction, and he describes {Ex. Research. 1180-6) certain pre-

cautions needful in its use. In order to ensure uniformity m the

inductive action within the cylinder in all positions of the repelled bal

,

and in all states of the apparatus, he attached two bands of tm-foil, each

about an inch wide, to the inner surface of the cyHnder 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

freauently too irregular in form to retain a charge undiminished for a

considerable length of time ;
they should always be examined previous to

use and reiected 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

tL stances, is such, that when the balls are electrified so as o

.ive a repulsive torsion force of 400" at a standard distance of 30 ,
it

takes foux 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° V per minute ; from 300° to 200° of

10 07' per minute ; from 200° to 100° of 1° 3' per minute; and from 100° to

50°, to 0° 87' per minute. Now as a complete measurement by tlie instru-

ment may be made in much less than a minute, the amount of loss in that

time is but small and can easily be taken into account. Paraday 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 Avill take pains by practice and attention to learn the precautions

needful 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 Electricity 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 Eig. 12, and is thus described by the author (Fliil. Trans. 1834).

Fig. 12.

Eig. N represents a simple balance suspended from a curved brass rod
n h. ]Sr can be raised or depressed through small distances by a micro-

meter screw at h, and can be also elevated or depressed by the graduated
sliding tube n o. 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,

D 2
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A conducting substance on, of any required form, is suspended by a double

silver thread from one of tbe arms of tbe beam ; it is made of Ugbt wood,

is hollow and gilded. This body is accurately counterpoised by weights

placed in the scale pan t, suspended from the opposite arm
;
a similar

conductor m', is fixed immediately under the former, and is supported on

a graduated sliding tube s, insulated on the glass pillar ^j; the pan t,

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 h, 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 t.
, ^ / •

The distance between the nearest points of the conductors m «t
,
is

accurately estimated in the following way. The insulated conductor m

,

beinc raised to zero of the graduated tube, so as to touch, or very nearly

so the suspended body m, the points of contact are minutely formed by

the micrometer screw I. The body m' is now depressed a given quantity

as measured by the divisions on the side, and hence the distance between

and m' is accurately known ; when this distance requu-es to be greatly

increased, it is effected by raising the beam, which is easily done by

means of the graduated slide n o, but in effecting this it is essentia to

"alse at the same time the pan t, so as to preserve the mdex rod of

the beam exactly vertical.

(6lT The foUowing experiments made mtU tins mstrument show

that the laws which ohtain in the distribution of Eleetricitry on insulated

conduetors, obtain likewise in the disposition of given quantities of

ElectricitT on coated jars.
, t r „„,ti„»

The iat B (Kg. 12) exposing about five square feet of eoatmg,

beiig connected with the unit « of measure, the number of charges

'rioted corresponcUng to an accumulation, the attractive lorce of

wWch operating between the two piano surfaces m «,', was equivalent to

! forc'e of 4-5 grains. When the quantity of Electricity accumulated

Ls doubled, the force amouiited to exactly 18 grains
;
three times the

accumulation balanced a force of M-6 grains, and so on.

men a second and precisely similar jar was connected with the

former so as to double the extent of coating, similar quantities measured

r::Leonlyexhi*done.u^^^^^^^^^^
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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

the 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. The 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,

vdth 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 eqiial diameter, Harris considers as being

made up of a system of parallel forces operating in right Hues between

the homologous points of the opposed hemispheres.

(63) Por 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 Mectrometer, shown in its improved form in Fig. 13

{Baherian Lecture, Phil. Trans., 1839). The column M, carrying the

graduated arc X 0 T, and wheel work "W, consists of two cylindrical brass

tubes, 1 1, 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/, 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 the position of

the disc m is varied, a graduated sliding piece t, 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 t are easily known.

Changes of distance attendant on the motion of the lower disc/are

estimated by the graduated slide g, the fixed tube of which is attached

to a foot-piece P moveable in a beveUed groove on the base B, the whole

may be hence withdrawn for a certain distance if required, so as to place

the disc /"without the influence of the upper disc m.
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Fig. 13.

The disc m is suspended from the fine silver thread passing over the

balanced wheel W by three threads of varnished siUt, 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 li, l.

The centre of the wheelW is accurately placed in the centre of the arc X,

T, 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 0 X, and 60 in the

direction 0 T, the centre 0 being marked zero. The extremities of the

axis of the wheelW are turned to extremely fine points ;
and rest on two

large friction wheels. The index i is a light straw attached to the

extremity of a small steel needle, inserted diametrically through the

circumference,which indicates on the graduated arcX Y, the force exerted

between the conductors mf. 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 rmg 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 i^iece e, fixed to the

horizontal i)late carrying the wheel work. Hence 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 in 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 readHy moved by every new force applied to it.

It may consequently be caused to approach to, or recede from, the fixed

conductor/, by the operation of forces acting in either of these directions:

the motion will however be speedHy 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

measm-e 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 arc. 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 sHder t 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/at zero) we either raise

the tube t, -6 of an inch, or depress the slide
ff,

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 / to be charged with a given quantity, and the suspended disc m
free, then the attractive force which ensues will cause the index to

advance in the direction 0 T, a given number of degrees
;
consequently

the distance between the plates m f will be duninished. Let the index

be now brought again to zero, by turning the milled head of the screw

e so as to depress the water vessel V, then the force whatever it may be

is acting between the plates at -G of an inch. To discover the amount of

this in degrees, discharge effectually the air and opposed plates mf, 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 to 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 3-0 inches,

exert the same force as two circular plates at the distances of 0-664,

1-117, 1-496, and 1-732 inches respectively.

3°. That the attractive force of two opposed conductors is not

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.

4P. 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) Eor the measurement of small forces of repulsion, Harris

employed a new arrangement of the balance of torsion {Fhil. Tram.,

3836), which, from the peculiar mechanical principle on which it depends

he caUs the Bifilar Balancer 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 uuspun 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 miicTi 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 Toiooth 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 discs

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 unequaUy, 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, &c., giving rise to apparently com-

plicated phenomena.

(68) Harris proved that a spherical conductor, either hollow or sohd,

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 half the force

at a given distance, when the quantity of Electricity iu one of them

was reduced to one half, and he further concludes that the whole

repulsive force expressed by ^ diminishes for the same distance D
as the absolute quantity of Electricity in each of the repelling bodies

considered as points. This principle 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 disc,

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 Electricity. The insulated disc is called a, proof plane ; when

this plane is placed upon any part of a charged body it is supposed
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to be identical witli an element of the surface, so far as relates to the

distribution of the accumiilated 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 two surfaces 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 the 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 hoUow 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

inductive power of the [jlate being dittbrent in these points.
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CHAPTEE III.

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 distinct 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, causes them to move towards it, and if presented* to a

small suspended unelectrified ball, it draws it aside from the vertical

position.

Supposing a pith-ball to be insulated by a filament of silk and

electrified, we know by experience that if another similar but unelec-

trified pith-baU 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-baU 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 c,

Eig. 14, be a conducting body, such as Fig. ]4.

a cylinder of brass, supported on a glass c a ____ a
stand, and furnished with a pith-ball

Electroscope, and let e be an excited

glass tube. On approaching this tube

within about six inches distant from d,

the pith-baUs wiU instantly separate,

indicating the presence of free Elec-

tricity. Now, in this case the electric

e has not been brought sufliciently near

to the conducting body to communicate
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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Fig. 15.

on approaching e \,q A the balls again diverge, and so on. The fact

is, this is a case of what is termed induction, the positive Electricity of

e decomposes the neutral and latent combination in o c, attractmg

the negative towards and repelling the positive towards e, and the

baUs consequently diverge, being positively electrified. On removing

e the force which separated the two Electricities in a c is removed,

the separated elements re-unite, neutrality is restored, and the pith-

balls fall together. The Electricity of e induces a change in the

electric state oi d c.

In Eig. 15, suppose s s to be

two metallic insulated spheres,

and a d an insulated metallic

conductor; suppose s to be

strongly charged with positive,

and / with negative Electricity,

and placed in the position re-

presented in the figure. If o 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 a' is electrified positively. The

intensities of the opposite electricities at the extremities will be found

to be equal, and at any points equaUy distant from the centre, as^ jp',

the depths of the electric fluid wiU 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.

In Eig. 16, suppose A A' to be a conductor,

and the curves of the circles E E' those branches

the ordinates of which represent the densities of

the Electricity induced upon it by the spheres

s s (Eig. 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,

the accumulation of Electricity towards the ex-

tremities will be increased, and the curve representing the electrical

densities will take the form shown in the lower figure.

These results stronglv 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 a. it theoretically

should do when charged with equal quantities of the contrary- electricities.

Fig. 16.
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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 nnelectrified. 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. ir.

A

Let A be a cylindrical conductor five or six inches long and about

three inches in diameter, and let I and c 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, I, by its insulating handle, and test its electrical condition,

it will be found to be negative; then remove and examine c, it wiU be

Fig. 18.

found to be positive. Again, let two metallic cylinders, h c, d e. Pig.

18, be placed within an inch or more of each other in a right line

;

I c must be insulated, but the end e oi d e may be coimected with

the earth by a wire ; let feathers or light pith-balls be suspended by

linen threads from h c and d ; on now bringing an excited glass tube,
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a, within tliree or four inches of h c, the feather or hall hanging from

h will he attracted, at the same time those suspended from c and d will

rush together.

Let P N, Pig. 19, he two hemispheres of wood, covered with tm-foil,

Fig. 19. mounted on rods of varnished glass, and standing on

wooden feet, so that they may he placed in contact

I

N with each other, as shown in Fig. 19 ; wliile thus in

contact approach them with an excited glass rod, and

then remove it, the hemispheres will not he found to

have acquired any electrical charge. Now vary the

experiment hy separating the two hemispheres ;
while

under the influence of the excited electric, and on .

examining them hy the Electroscope, Fig. 8, each

will be found electrified, that nearest the glass rod

^.-iK <vTj;--^ with negative, and the other with positive Electricity.

'^^^^N^^ It is scarcely necessary to say that in the separation

of the hemispheres from each other, care must he taken to preserve

their insulated condition.

(73) By the following striking experiment the operation of the

electric force at a distance may he made manifest in a large room.

Arrange a long insulated cylindiical conductor, with one extremity

ahout 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) Erom these experiments it appears that the electrical disturb-

ance of a neutral body by the proximity of an electrified body is only

of a temporary nature, all signs of excitement disappear immediately

the charged body is removed. Let us, however, introduce a little

variationlnto the conditions of the experiments, milst the conductor,

Eig. 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 correspondmg supply of negative Electricity;

the natural negative Electricity, however, of the conductor is stiU

retained at the opposite extremity by the attractive influence of the

class On now removing, first the finger, and then the glass tube, the

nith balls will acrain open, and will remain divergent, because the natural

nec^ati've Electricity of the conductor being relieved from the inducing

infl'uence of the glass tube, will now become expanded over the whole

conductor-the pith-balls are now diverging with negative Electricity.
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(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, Eig. 8, will, when dry and warm,

retaia a charge thus given to it for several hours, but certaia pre-

cautions necessary to be observed in interpreting its indications are

thus described by Earaday (Cliem. Manip., p. 437) :
—

" Suppose it is

desii-ed 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-

caution 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

first 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 wUl 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

is made to approach from a distance, that indicates the nature 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 wiU 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, Eig. 20. It consists of three parts—a cake

of resinous matter, composed of shell-lac, ten parts ; common resin, three

parts ; Avhite wax, two parts ; Venice turpentine, two parts
;
pitch, half

a part
;

or, as Pfaff recommends, resin, eight parts
;
gum lac, 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 iasulating handle, it is found to

have acquired a feeble charge of negative Electricity by the contact.

Let the metallic plate be re-placed, and uninsulated by touching it with

the finger, and on again lifting it by its handle, it wiU 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

beiag required, and indeed after being once excited, a spark may be

obtained from it dm-ing many weeks, if kept in a dry place, since the

resin acts solely by its inductive influence on the combined Electricities

actually present ia the plate.

(77) It wiU. not be dif&cult at once to comprehend this. "WHien the

metallic plate is placed on the excited resia, 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 con-

ductor, under the influence of an electrified surface, its lower surface

becoming positive, and its upper sm-face 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 cliarge 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 cover and the earth,

by means of the finger, when electrical accumulation, or sparks in rapid

succession, is the object. Three methods 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 h, 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 convenient 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, c, c, c, with their tops level with the resin.

The latter of these methods is preferred, and Mr. Phillips describes an

instrument constructed on this principle, with a cast-iron basis 20-5

inches in diameter, resinous surface 19-75 inches, and cover, lS-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: Volta 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 uncoated side downwards. Touch the tin-foil vdth 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 Mectrolasmus, 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' ott the principles of

the Electrophorus that Earaday succeeded in demonstrating that

induction is essentially a physical action, occurring between contiguous
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•particles, never talcing place at a distance without polarizing the mole-

cules of the intervening dielectric.

WlieD. 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 air 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 connected 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 influence 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.

It 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

j^ig 21. carrier ball of Coulomb's Electrometer (56). It was always

found to be positive. AVhen contact was made at the under

part of the ball, as at {d) Eig. 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 induction in a curved line, for

during no part of the process coidd 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 Earaday

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 {a) it was afi'ected in the highest

degree, having a result above 1000°.

When a disc or hemisphere of metal was employed, as in

Eig. 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 thinfilm ofgold leafv^as employed
;

®
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at (i) the 'force was 112°, at (k) 108°, at (Z) 65° at (m)

35° ; the inductive force gradually diminishing to this point.

But on raising the carrier to (n), the charge increased to

87°; and on raising it still higher, to (o), it still further

increased 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 force 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.

body, and JN" P a previously neutral body at a distance, the action at

P is transferred to JN" P, through the medium of intervening molecules,

each of which becomes electro-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 M
.

(3 o
and not in contact; let A be electrified positively, and then C uninsulated

;

under these circumstances B will acquire the negative state at the surfllce

E 2

51

Fig. 2 2

.

®
®
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towards A, and fhe 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, i. 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 wiU

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 m 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 sdk

be mixed with the oil of turpentine, the mechanism of the inductive

action is shown by the little bits of sUk 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 mimediately m

contact with the directly excited ball acquire its state, and being

repelled, immediately pass off to that which has obtained by mduction

the opposite condition, and those become neutralized. Now what here

occurs with the oil of turpentine takes place in ordinary niduction

with the air ;
every molecule of it interposed between the sohd bodies

becomes itself subjected to the inductive action, and forms a cham

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 turpentine. It is these currents which

bein- 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.

(SI) The following experiments have been also adduced by laraday

(London and Minhurgh Phil. Mag., 1843, vol. xxii.), as giving a very

nrecise and decided idea to the mind respectmg certam prmciples of

inductive electrical action, and as the expression and proof of certam

narts of his view.
. 3 x, ^e

Let A Eiff 25 represent an insulated pewter ice-pail, ten and .a halt

inches hiU and seven inches in diameter, connected by a wire with a de-

Uclte gold leaf Electroscope, E, and let C be a round brass ball, msulated
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by a long dry thread of white silk ; let this baU be charged positively, and

introduced into A, as shown in the figure ; ^'^S- 25.

the Electroscope, E, will immediately di-

verge also with positive Electricity; on

removing C the leaves of the Electroscope

>vill 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

made to touch the bottom of A, all 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 induced 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 Eig. 26. With this system

the ball, C, acts precisely as with a single vessel, so that the interven-

tion of many conducting plates causes Fig, 26,

no difference in the amount of inductive

effect. If C touch the inside of 4 the

leaves are stiU 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 3 be connected by a wire, let

down between them by a silk thread, the

leaves remain the same, and so they still

remain if 3 and 2 be connected by a

similar wire
;
yet all the Electricity ori-

ginally on the carrier, and acting at a con-

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. K in the place of the
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metallic vessels a thick vessel of shell-lac or sulphur he introduced, not

the slightest change in the divergence of the leaves of the Electroscope

is produced. " Hence," says Earaday, " 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 definite and unchangeable ; or to those^ who m
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 force 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, ly 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 disguised, or latent Elec-

tricity, away from the ordinary principles of inductive action
:
nor 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 it."

(82) Thus there is hardly any electric phenomenon in which in-

ductive action does not come into play. When Hght 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 uiduced

Electricity. The originally active body is called the ind^icmc, and

that under its influence the inducteous ; thus, in the last figure, A

is the induciric and C the inducteous body, the electrical state of the
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latter being sustained throiigli tlie intervention of tlie intermediate

and polarized ball, B. "All cbarge," says Paraday {:Ex. Research.,

series xi., p. 1178), "is sustained by induction. All phenomena of

intensity include tbe principle of induction. All excitation is dependent

on, or directly related to, induction. Indttctioit 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

forces 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 difSculty in reconciling

that view of the nature of matter, according to which it consists of little

impenetrable nuclei of solidity witli 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 compelled

to admit that space is both a conductor and an insulator, a conclusion

which Earaday 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. He is disposed ratlier

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 matter ; 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. Earaday'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, Eig. 24, but under the influence of other charged particles

it becomes so ; 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 re^^xX'^,insulation, more, or less perfect, is the consequence

;

and the action of a charged body on insulating matter is induciion.

(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.

Fig. 27. A sphere of conducting matter

Y a, is insulated by a silk thread,

and two thin hollow covers h

I, made of gilt paper or tin,

thin paper or copper, are pro-

vided with glass handles c e,

and correspond with the shape

aud 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 a, they are found to be charged with the same kind

of Electricity as was communicated to a, which will be found to have

lost the wJiole of its charge, proving that it resided on the surface only.

This experiment will not succeed imless the covers be withdi-awu

rapidly and simultaneously, otherwise the charge will, during the

removal of the envelopes, expand over a, and thus vitiate the result.

The original experiment of Cavendish is fiar less precarious. The

insiilated globe was so much smaller than the hemispherical envelopes as

to leave a space of about half an inch between them ; a temporary 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 removmg 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-

nislied -lass ; on now removing the wire, and drawing back the hemi-

sphere.%he 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 cylinder

there is wound a metallic riband C D,

to the end of which is attached the

silk cord P. This apparatus is made to

communicate with a pith -ball Electro-

scope E ; when the riband is electrified

the balls of the Electroscope diverge

;

upon unrolling it by pulling the silk

thread at E, 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 Arill 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 Eranklin. The apparatus employed

by that philosopher is shown in Eig. 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 glass rod, 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

tiU 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 Earaday.

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. 2°. 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-

zontal position, as shown in

rig. 30 ; a charge of Elec-

tricity is conveyed to the bag

by means of a carrier ball, the

Electricity arranges itself on

the outside oftbe cone; the cone

is now drawn inside out by

means of a silk thread, so that

the surface of the musliij whicb before formed tbe inner now forms the

outer superficies ; on applying the proof plane it is found that the charge

has passed from one sui-face of the muslin to the other, in order still to be

on tbe 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 (Eig. 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

Earaday :
" All charge of conductors is on their surface, because, being

essentially inductive, it is there only that the medium capable of

sustaining the necessary inductive state begins. If the conductors

are hollow, and contain air or any other dielectric, still no charffe

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." {JEx. BesearcTi, series xi., p.

"^^(86) But the grandest experiment of this kind was that conducted

by Faraday in the lecture room of the Eoyal Institution, his object

being to ascertain whether air could be charged lodily with either kmd

of Electricity—whether Electricity could exist separate from matter.

" I carried 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 m
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

mi'-ht be brought into good metallic communication, and rendered a

free conductor in every part. This chamber was insulated in the

lecture room of the Eoyal Institution ; a glass tube about six feet m
length was passed through its side, leaving about four feet within and

two feet 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 (being, 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,

ajid working the machine so as to bring the air within to its utmost

degree of charge, if I quickly cat 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 communicate 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 bemg

merely a case of induction. Every attempt to charge air bodily and

independently with the least portion of either Electricity failed.

" I 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 m
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, I could notfind the least influence upon them, though all

the time the outside of the cube was powerfully charged, and large sparks

and brushes were darting offrom 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 sucli a

state of matter is impossible." (Sx. Hesearch., 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 1^

to I ; at one inch from the extremity it was as If to 1 ; and at the

extremity it was as 2 ro to 1. Erom 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 efl'ect 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 accumiilated, it is possible that further

investigation may render it necessary to modify, to some extent, the

conchisions of the Erench 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

deptli of Electricity is there so much increased that the force of the

electric fluid exceeds the restraining pressure of the atmosphere. But

by adopting Earaday'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."

" Aji electrified cyliader is more aflected by the influence of the sui-round-
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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," (Ex. JResearcli., xii., par. 1302.)

The distribution of Electricity on the surface of an insulated sphere

is only uniform as long as it is stirrounded by a dielectric of the

same specific inductive capacity, for when an electrified ball is partly

siu-rounded by air and partly by sulphur or lac, the Electricity is

dilfused on it unequally, though the pressure' of the atmosphere

remains perfectly unchanged. Again, it has been shown by Harris

(Phil. Trans., 1834), that an electrified ball, insulated under the

receiver of an air-pump, and connected with an Electroscope, undergoes

no change by withdrawing ffths 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 -3-50 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 body is brought very 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 cylinder will become

virtually annihilated, by diflfasion 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 cylinder

becomes more repellent than before and the other one less so. This

mashing or apparent neutralizmg 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 collapse

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 tbe 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 wMch the Electroscope was charged is lost in tbis experiment

;

it is only diverted from tbe leaves to tbe cap, as is proved by the

fact that when the hand is removed tbe divergence of the former

will, in- a good experiment, retnm to its former extent. If now we

substitute for the cylinders a pair of metallic discs, precisely the same

results will be obtained.

Fig. 32.

Let E Eig 32, represent the cap and leaves of Singer's arrangement

of Bennett's Electroscope, and A B the end view of an insulated

metallic disc, connected with E by a metallic wii-e. On communicatiug

a small charge of Electricity to A B it will be difi^used over E and the

leaves will diverge to a certain extent; _if we now approach A B witli
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a second and precisely similar disc, A' B', in free communication witli

the earth by the wire W, the leaves wiU gradually collapse, and when
the two discs are almost in contact, 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 expaijsive power, return and difli'use

itself over E, the leaves of which will immediately return to their

former state of divergence. "Whilst the disc, 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, sufiicient

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 Yolta. "It 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
othel-, 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), {JPMl. Trans.,

1834, and Budimentary 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. 13) 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 Electricity directly and as the distance in-
versely. When A' B' was insulated, 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
found, when A' B' was uninsulated, to be in the inverse ratio of the
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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 Pig 33 It consisted of two circular metallic discs, the surfaces of

which were covered with a thin and uniiorm

coating of amber varnish ; the lower disc, B, was

supported on a metallic stand, B D, the npper

disc, A, called the collector, was provided with an

insulating handle, and a short wire termmatmg

^ in a metallic ball, E. The body, the Electricity

of which was to be investigated, was brought

into contact with E, the Electricity thns com-

municated to A, acting by induction through

the thin non-conductor on B, confined the Elec-

tricity of the opposite kind, repelUng its similar

Electricity ; at the same time B, bemg 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 answer.ng^^^^^

its surface. The collector. A, being suddenly raised by its glass handle

alh^L to keep it parallel to the base, the Electricity accumulate

upon it could be transferred to an Electroscope for examination The

Ites may be placed vertically, and if made a foot or more in diameter are

ty efficient and powerful. It is usual, however, to attacli them a once

to ihe gold leaf Electrometer, in the manner shown m > ig. 3. where «

^
represents the collecting plate and 6 the

condenser, the brass stem of which is

attached to a hinge, by means of which

it can 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.

rqs^ An electrical condenser of remarkable delicacy was invented

(93) An electuca
.^^ .

j^^,^, {Annales de Chimie et de

V tri^^^^^ ^'^'z

Fig. 34.
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stand, furnished with adjusting screws, an eye-piece, and a portion

of a divided circle. It is shown in Pig. 35. The inferior plate, a,

Fig. 35.

is metallically connected with the gold leaves, as in ordinary condensers,

and is varnished on its upper surface alone. The plate 5, which is placed

above, is furnished with an insulating handle, d ; it is varnished on both

sides but not at its circumference
;
finally, the plate c is pierced at its

centre by an orifice, through which passes the handle attached to the

plate h ; it is furnished with a cylinder of glass, e, 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, r, 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, t, 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 calcium, to dry the

air
;
the shade rests on a stand furnished with screws, by means of

which the apparatus is rendered vertical. . At one of the extremities

of this stand, Ti, is a rod, supporting a circular plate, i, pierced at its

centre with a very small hole ; the other extremity is furnished with

a section of a circle, k, divided into degrees; the heights of this

r
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graduated piece and that of tlie centre of the plate i are bo adiusted

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 d; 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 it 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 wiU be charged anew, and the charge may be

made to pass in the same manner to the third. It is evident that

if the Electiicity of the upper plate did not dissipate itself it won d

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 me an idea of the condensing power of this instrument the

following results are mentioned.-AVhen the upper disc was touched

^.ith an iron wire twice, thrice, four, five, and six times, tl^^ divergence

the gold leaves amounted to 91°, 20°, 25°, 31", 41° and SS". men

the experiment was made with a platinum wn.e, freed from aU 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 i

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 pre^dously been wanting, was also

obtained by M. Peclet with an ordinary condenser, the sensitiveness

of which was carried to the utmost limits.
n

It appears from M. Peclet's experiments mth the double as well

ns the single condenser, that all metals are positive with regard to gold,

L that m this respect their relative order is as follows,-zmc, lead,

tTn btlTh, an^^^^^^^^^ i-, silver, and platinum Bismuth, antimony

A r^pl ave 80 like each other tbat their order in the series could

:X no other way than by a very frequent repetition of the

"'(ototthevarlousinstrumentsthat have been termed-multip^^^^^
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and "doublcrs" we shall only describe the multiplier of Cavallo, it

being very uncertain how far the indications of these instruments are

to be relied on, as, from their extreme sensibility, 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. 36. It consists of four metallic plates, A, B, 0, 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.

rises from a slider, Gr, and is uninsulated
;
by means of this slider

C and B may be approached to and withdrawn from each other. At
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 communication, through K, with the earth,

acts as a condenser, and becomes charged with the contrary Electricity.

The lever, E F, is now moved 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, E E, it is brought into contact. But the uninsulated disc,

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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CHAPTEE IV.

THE ELECTEICAL MACHINE.

Various forms of the glass electrical machine-The steam-electric machine-

Different foi-ms of the disruptive discharge.

(95) Mectrical machines.—The first apparatus that was constructed

for tlie exliibition 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 ol

the machine called the prime conductor was first introduced by Boze,

(7), 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 Sistorj/ of Electricity, 1769.

Dr. Watson's machine consisted of four globes turned by the same

miiltiplying 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 requii-ed, and it terminated in

an open ring, in which were hung some sharp-pointed wu-es playing

licrhtly 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

bv 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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Fig. 37.

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. 37. It consists

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 stuiFed 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. Eonalds 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 sufiiciently 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 zinc, and one of tin ; and Pfister

a mixture of two parts tin, three zinc, and four mercury, vsdth 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 necessary 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 gi^ong a temporary

enlargement to the cushion.

Peschel states {Elements of Fhysics, vol. iii. p. 32), that the most

eflectual 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 not

Decessary. 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 {Areliives de VEIectrieite,

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 shoiold 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 m

],owder upon heated paper. Masson thinks that the bisulphuret of tm

does not undergo decomposition, but that it becomes electrized by

simple friction.
.

The use of the oiled silk flap is to prevent the dissipation ot the

Electricity evolved on the glass by contact with the air
;

at is thus
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retained on the cylinder till it encounters the points of the prime coji-

ductor, by which it is rapidly drawn off. It is usual to cover with a

vai-nish 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 metaUic 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 cylinder, 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, h^xthJ 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 shaU return to the consideration

of this presently.

Fig. 38.

(98) The Plate Electrical Machine is shown in Eig. 38. 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 at

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.

Fig. 39. (1)

(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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Fig. 40

the members by the above-mentioned gentleman. The plato, 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 pUlars, 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 readily

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 bra^s arm

and support, are removed, and the plate

being tvu-ned a quarter of a circle, t)

upper rubber D is brought down on t

glass pillar E, and a brass ball G- screw

into it. "We have now a positive a

negative conductor ; and although tl

machine possesses, of course, but half its

original power, it is suflSicient 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 Mectricity, &c. for September, 1841,

two useful modifications of the cylinder and plate machine are de-

scribed and lithographed. The principal feature in which the arrange-

ment of Mr. Goodman's cylinders diff'ers from those of the usual con-

struction, consists in their being supplied with two rubbers, mounted on

glass rods placed parallel to each other on opposite sides of the cylinder,

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,

so 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 hall. Machines arranged in this manner are stated

by the inventor to possess the desirable qualities of strength and en-

durance, and for equal smfaces 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 tbe cylinder machine, one

end of the axis (of lacquered glass) turns in an insulated conductor pro-

vided with horizontal arms carrying points.

Eor common pui'poses, and where extreme cheapness is desirable, the

plate may be made of common window-glass, to the centre of which two

wood-turned 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 ISIr. Goodman, is

equal parts of resin and bees' wax, made sufiiciently 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-eight feet from

the conductor

A magnificent machine, somewhat on Van Marum's principle, has

lately been constructed for the Eoyal Panopticon of Science and Art in

Leicester Square. The plate of this machine is ten feet in diameter, it

is turned by steam powder, 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 feet in 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 baU 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) Sii' William Harris's elegant machine is shown in Tig. 11.
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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 sustained 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 P, 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 IST

is the positive conductor projecting in a vertical position in front of the

plate, while the negative conductor, 0 P, passes in 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 used

for ordinary purposes, the

conductors, as shown in

Fig. 4-2, 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, tbey are retained in their places by cords

of silk attached to tbem, 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

wiU 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) It is by no means immaterial what hind ofglass is employed in

the construction 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.

Cominon 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 (35) 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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;i apparatus of this kind, consisting of a band of thin sheet gutta-percha

.1 about four inches wide, which is made to pass round two wooden rollers

: atting them very tightly, and rubbed by four brushes of bristles j)laced

. outside the band and opposite to the axis of each roller. The machine

1 is provided with a curved brass conductor similar in form to the con-

i ductors of plate-glass machines : under favourable circumstances this

I machine acts very well ; but Mr. Barlow finds it much affected by the

1 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-

: atruction 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 ia

; a finished state on a final wooden roller, powerful electrical phenomena

; are frequently developed ; the Electricity is negative. Messrs. Arm-

; strong (Elect. Mag. vol. i., p. 459), Hankel {Foggendorfs Annalen, vol.

xxxi., p. 477), and AValker (JElect. 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 roU 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 stroug that

very loud sparks darted from the paper to the last smoothing roUer, 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 paper is 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 (JEdin. 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 (Ann. of Meet. vol. viii., p. 124).

Powerful electrical phenomena have liltevsdse been observed in cotton

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.

Mag. 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 band be suddenly drawn

along the piece, a complete shower of fire is observed witb a sharp

crackling noise accompanied by a sligbt shock. Mr. Buchanan relates

(Phil. Mag. N. S. vol. i., p. 581), that in a factory at Glasgow, the

accumulation of Electricity in one room in particular, in which was a

large cast-iron lathe, shears, and other machinery driven with great

velocity by leather belts, was so great that it was necessary, in order to

protect the workmen from unpleasant shocks, to connect the machinery

by means of a copper wire with the iron columns of the building ; and

that when a break in the wire of -ra- of an inch was made, the inter-

mediate space was constantly luminous, and even at \ of an inch the

succession of sparks was very rapid. The Electricity was positive.

(108) Scientific men are not agreed as to the modus agendi of the

amalgam applied to the rubber of the electrical machine. It seems

pretty clear that the oxidation of the amalgam by the friction employed

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. AYoUaston could

not succeed in obtaining any signs of free Electricity from a machine

worked in an atmosphere of pure carbonic acid. Tlie bisulphuret of

tin (aurum musivum) may be employed instead of amalgam
;
by the

friction it probably becomes partially decomposed into hisulphate of tin,

as iron pyrites is into sulphate of iron. The chemical influence of

friction, indeed, is more energetic than is usually 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 abeady illustrated (79) ;
a

brief recapitulation may, however, be useful. On turning the handle

of the cylinder, or plate, the Electricity naturally present in the rubber



EXPERIMENTS WITH THE ELECTEICAI; MACHINE. 79

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

conductor, 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, ly acquiring Electricity from

the revolving glass, hut ly Jiaving given tip 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 witb the earth for the purpose

of obtaining a sufficient supply of positive Electricity to neutralize its

negative state. In very dry weatber, it is necessary 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.

Ex. 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 sliarp, 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 Electxicity, 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 tension, the

negative Electricity rushes towards the positive of the prime conductor,

constituting the neutral combination. It is this neutralization, or

discharge of the electric state of the conductor, which constitutes the

electric spark ; and it ia 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 tlie 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 ^e 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 simQar 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 a

condensing syringe. The effect of different gases

may likewise be studied with tliis apparatus.

Ew. 2. Continue to turn the cylinder or plate, keeping the knuckle

steadily held towards the prime conductor. The sparks will decrease

in brilliancy, intensity, and frequency, and after some time no more

will be obtained. Now establish a good metallic communication

between the rubber and the earth, and the sparks will be obtained

uninterruptedly, and undiminished in intensity.

:Ex. 3. Eemove the conductor from its position in front of the glass,

and having darkened the room, revolve the cylinder or plate ; a series

of bright sparks will be observed to pass round the surface of the glass,

exhibiting a very beautiful appearance. Let an assistant next take a

needle in his hand, and approach its point towards, but at a considerable

distance from, the revolving glass. While at the distance of several

feet, it will be seen to be tipped with luminous matter, illustrating in a

simple manner the striking influence of points, and their use on the

prime conductor.

JSx. 4. Eemove 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 the

conductor with the knuckle, you will find that you will obtain very

feeble and powerless ones, but you will perceive a beautiful luminous
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appearance proceeding from the end of the wire, and

on holding the hand near it, a 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

I 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 wiW

: resemble a brush or pencil. The appearance of each

will be found to be not unlike Fig. 41. The sam.e lumi-

: nous appearances will be perceived if a pointed wire

be held at a short distance from the conductor and

: rubber, both being insulated, the brush 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.

Ex. 5. Connect the rubber and conductor together by a wire : on
: revolving the glass, no signs of Electricity will be obtained from either :

i but ifthe machine be extremely energetic, the wire will appear surrounded
1 with a lambent flame, otherwise the electric fluids will traverse, and the

( discharge take place invisibly along the wire. But if the conductor be
i 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.

Sx. 6. The last experiment proves that the charges on the conductor
! and rubber are exactly equal : that they are in opposite electrical states

1 may be proved by suspending from each some light substances, as feathers
t or pith-balls, which will strongly attract each other when the machine is

]
put in action.

Ex. 7. Place several strips of paper upon the end of a long rod in
I connexion with the prime conductor, in the centre of a large apartment,
1 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.

1 charged state, they will incline towards*t from the concen-
1 tration of the force upon its nearer siirface.

This is illustrated by the ridiculous figure of a
i head of hair, Fig. 45, and is a common electrical ex-

iperiment. 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.

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

a

Fig. 44.
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portions cut out, so that the space represents letters, as shown in

Fig. 46.

Fig. 47.

Pig. 46 ; or draw a serpentine line

on the glass with varnish, and place

on it metallic spangles about one-

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

ficsed 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. Trom 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.

m. 9. Provide a stool with glass legs, Eig. 48, and having wiped

it clean and dry, let a person stand upon it, holding in his hand a

chain or wire communicatiag 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.

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

spirits of wine may be fired. Place it so that the ball a can receive

sparks from the prime conductor : pour spirits of wine into the cup e,

Fig. 48.
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Of

Fig, 50.

1

1 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 ^
t the wire through the spirits to the cup, and a

i generally set it on fire.

Ux. 11. The phenomena of attraction and

1 repulsion are well illustrated by the apparatus

i known as the electric bells, Fig. 50. They are

1 to be suspended from the prime conductor by

I means of the hook : the two outer bells are

(Suspended by brass chains, whUe the central,

' with the two clappers, hang from silken strings :

1 the middle bell is connected with the earth by a

I wire or chain : on turning the cylinder, the two

( outside bells become positively electrified, and

1 by induction the central one becomes negative,

ia luminous discharge taking place between

\ them, if the Electricity be in too high a state of

t tension. But if the cylinder be slowly revolved,

: the little brass clappers will become alternately

i attracted and repelled by the outermost and

I inner bells, producing a constant ringing as long

i as the machine is worked.

Kg. 51 shows an admirable contrivance for illustrating electrical

i 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 piUars, 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

G 2
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Fig. 62.

J

tin-foil with the ruhhers of the machine, the ring and foil will be oppo-

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

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

electrified, they wiU 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.

:Ex. 12. The current of air which accompa-

* nies the discharge of Electricity from points is

^

pleasingly shown by a variety of toys. Pig.

52 exhibits a little arrangement usually called

the electrical planetarium. It is connected

vvrith 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 a and h re-act on the wires of the appa-

ratus, and it begins to move, gradually acquiring a very rapid horizontal

motion, c h round the point a, and a d round the point e.

Pig. 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 miU-

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.

Ex. 13. Eill 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 ttie wire

from the prime conductor. Erom the machine the point of the wire an

the phial will assume a high state of positive electric tension: brmg

towards it a brass knob, or the knuckle ;
induction, and cousequen

discharge, will take place through the sides of the glass, which will

become perforated by a round hole.
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JEx. 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, Tig. 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. 64.

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 atmospheric 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.

Ux. 15. Attraction and repulsion are amusingly Fig- 55.

shown by suspending a brass plate, Eig. 55, from ^k-j
j
®

the prime conductor, and setting 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
gg

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.

Ex. 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



86 STATICAL OE FEICTIONAL ELECTEICITT.

Fig. 58.

Fig. 57. towards the plate. They will then remain at rest

;

but if the Electricity which has been disengaged on the

outside towards surrotinding 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 renewed until the glass

etums to its natural state.

Ex. 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

attraction and repulsion. The insulated brass

ball A is connected with the prime conductor,

while the opposite ball B communicates 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,

Ex. 19. rig. 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 situated

midway between the balls, one of which is

connected with the positive, and the other

with the negative conductor of a powerful

machine. When the balls are electrified, the

flame is agitated, and, inclining towards the one

which is negative, soon heats it sufficiently to

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 ynW be perceived that a considerable quantity of melted wax

has been blown off" from the wire, and, in the form of fine, soft, flexible

Fig. 59.
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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.

JEx. 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-

•Tounding 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 baU but the straight lumi-

nous Hne that passes from it ; but if it be rendered

negative, and the lower ball positive, these efiects are reversed. If the

lower ball and wire be altogether removed, and if the upper wire be

made to terminate in a point 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 diff'used as the air becomes more

rarefied, until at length the whole of the receiver is filled with a

beautiful and varying light, producing an efi'ect which is pleasing in the

highest degree. {Singer?)

(Ill) 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. Earaday, 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 contained in a letter addressed
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to Professor Paraday, by H. S. Armstrong, Esq. {Pliil. Mag. vol.

xvii.)

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 issuing steam, presented the other to the lever of the valve, with the

view of adjusting the weight, when he was greatly siirprised 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 merely stood on

the bricks.

(112) In following up these expex'iments, 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 fuUy an inch. A Elorence 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 smaU 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.

(113) A long and well-conducted series of experiments was made by

Mr. Armstrong, on tlie 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, 138, 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—it 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 lbs.

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 ra 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 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 Eoyal Society by Professor Earaday, 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. xvii. pp. 375, 457 ; and by Dr. Schafhaeutl, vol. xvii. p. 449 ; vol.

xviii. 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-

ductiag 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 Earaday

explains, by the particles and minute globules of the water having eacb

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. Mag. 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 described

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 w plate electrical macliine

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 Eailway, sparks fov/r

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 52 lbs. per inch. The Electricity was

ascertained to 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 raHway 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 i 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 3 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 zinc 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 narrower : by these contrivances

the power and intensity of the spark is greatly modified. A ball

and socket-joint, furnished vfith 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 60 lbs. 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 prodiiced 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, Avas

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 FMlosophical 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

diff'erent vessels arranged in series, and filled respectively veith 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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&c., and the gasea 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-lOths 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 efi'ects 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 vrithout the support of

the thread ; and when it broke the Electricity passed in sparks.

3rd,
—
"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 sUk thread in the centre of the column, as well as from

other less stxiking 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 exactly 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 m. 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 certaiu 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 Elec-

tricity, viz., " tJie escape apertures and the condensing pipes. ''^ It was

found to be a matter of extreme nicety so to adjust the quantity of

water deposited in the condensing pipes as to obtaia 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 Elec-

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 particle 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 reqiiisite 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 effective 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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tthe otlier, on the same side of tlie machine. The sparks obtained,

I thout^h not longer than those upon the London machine when it stood

iin the open air, succeeded each other with three or four times the

t rapidity, and even under unfavourable circumstances charged a Leyden

t battery 'consisting of thirty-six jars, containing thirty-three feet of

, coated siu-face, to the utmost degree that the battery would bear,

I 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

1 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

1 from the boiler to the steam passages. It is indeed perfectly surprising

1 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

1 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,

' whicb in general was positive, was changed to negative. Again, when the

. conductingpipe is ofbrass instead of iron the steam cloud is positively elec-

1 trifled the same as in ordinary cases ; but if the pipe previously to being

1 used has been 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

chemically or mechanically upon the material of the pipes.

(121) Messrs. Watson and Lambert of Newcastle, who built both the

Polytechnic and the American machines, construct "hydro-electric

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 Eig. 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 coUecting 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 whicli 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 ;

1 1,

the insulating glass pillars ; K K, the frame moving on castors ;
a a,

the water gauge 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 ;
b, the cock for introducing extraneous matter

;

c 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 30-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 wath 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 from 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 theorj

that friction is the cause of the wonderful development of Electricitj

in the hydro-electric machine ; he refers 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 sufScient 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

H
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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 comparatively

very small quantities of what is really produced. The quantities

depend not only on the internal pressure, but also on the jets, which

oppose or facUifcate 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 deposited on the sides of the

vessel, and establish partial contacts between the Uquid and the

metal, these particles of liquid are thus suddenly transformed mto

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° Eah. Peltier

obtained no signs of Electricity. Wben in this experiment pure

water is substituted for the saline solution, no Electricity 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 escapuig

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 m 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 as 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 referrmg the elec-

trical phenomena to the quick separation of the liquid and vapour at

the moment of its formation ; when the train was mo^ang 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

^lobular vapour, the greater the signs of positive Electricity ; the

Electi-icity 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 alternating from

positive to negative according to the velocity of the train, the

quantity of the prevailing vapom"s, 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

byFaradaythe subject of close investigation {Experimental BesearcTies,

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 necessitv, 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

continue, the discharge effect in the place where the subversion of

force first occurred.

We have given this explanation in the words employed by

Earaday, 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

H 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 nitrogen they are very beautiful,

having the same general appearance as in air, but more colour, of a

purple or bluish character ; and Paraday 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 crimson 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

asid« in its passage. It was remarked by M. Eusinieri, 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 metaUic chain be laid upon a

sheet of paper, or a plate of glass, and a strong discharge sent

through it, spots wiU 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 metaUic rod 0-3 of an inch in diameter,

projectiug 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 he not in good action, then many ways of assisting the

formation of the brush may be resorted to ;
thus, the hand, or any

lar^e 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

hetween 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

0-7 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 Pig. 62. A short conical Fig. 62..

bright part or root appears at the middle part of
^"^i^s^^lii^j^''

the ball, projecting directty 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 Paraday 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 Earaday 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 aU 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 circumstances, 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 Irush generally had a sensible duration, but he could detect

no such effect in the spark.

(129) According to Earaday, the Irush 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 baU 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 Eig. 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-

cor/iing to circumstances, as shown in Eigs. 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 Earaday as constituting additional and powerful testimony

in favour of induction through diclectries 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.

Fig. 64.

Fig. 65.

(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 speeijlc characters m different

gases, indicating a relation to the particles of these bodies, even m a

stronger degree than the spark. In nitrogen, brushes were obbamed

with far greater facHity than in any other gas ;
and when the gas was

rarefied, they were exceedingly fine in form, light, and colour
;
in

oxygen, on the other hand, they were very poor.

(132) The peculiar characters of nitrogen in relation to the electric

discharge must, Paraday observes, have an important influence over

theform and even the occurrence of ligltning, 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 forces are resident

on the particles of the air, which, though probably affected as to con-

ducting power by the aqueous particles in it, cannot be considered as

a good conductor ; so the peculiar power possessed by nitrogen to

originate and effect discharge in the form of a brush or of ramifications,

has probably an important relation to its electrical service m nature,
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as it most seriously alFects tlie character and condition of the discharge

when made.

(133) The characters of the luminous appearances at the ends of

wires charged positively and negatively are represented in Tig. 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 differ very little in appearance, and the difference can be

obseived 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 baU be charged negatively, the point at a con-

siderable distance has a star on it as before ; but when brought

nearer, (within about 1 1 inch,) a brush forms on it, extending to the

negative ball ; and when still nearer, (at i of an inch distance,) the

brush ceases, and bright sparks pass.

(134) The successive discharges from a rounded metallic rod 0 3

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 carries off far

less electric force in the former case than in the latter. Paraday

also perceived a very important variation of the relative forms and

conditions of the positive and negative brush, by varying the dielec-

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 at 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) Oloio discharge.—When a fine point is used to produce

disruptive discharge from a positively charged conductor, the brush

crives 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 0-3 of an inch in diameter is used, and the finer the

point the more readily is it produced: thus, diminution of tie

charging surface produces it : increase of power in the machine tends

to it, and it is surprisingly favouied by rarefaction of the air. A
brass ball 1\ inches in diameter, when made positively inductric (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, Paraday 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

touchirsg the sides of the glass jar, this lambent flame was afiected,

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.

(136) The glow is always accompanied by a wind proceeding either

directly out from the glowing part, or directly towards it. Paraday

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.

(138) 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 difacult 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 Irusl 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 sparTc. 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.

(139) Before proceeding further, it may be useful to give a general

summary of the views of Paraday 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 general

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 polao', 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.

3°. 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 lodihj or polarli/.

5", That particles which, being contiguous, are also in the Ime ot

inductive action, can communicate or transfer their polar forces to

one another more or less readily.

G" That those doing so less readily reqixire the polar forces to be

raised to a higher degree before this transference or communication

takes place.

7°. That the rcadt/ communication of forces between contiguous
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particles constitutes conduction, and the difficult communication

insulation ; conductors 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 of&ce 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 communication which

supervenes in. the conducting mass, upon the polarization of the

particles of that body.

10°. That therefore induction can only take place through or across

insulators : that induction 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 Mectricity.^The Leyden Filial.—In a

previous chapter (89) it has been shown that a higher charge may be

communicated to the gold leaf Electroscope while under the influence

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 m
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 Idglier 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 higlier the degree of

polar tension that can be attained, and the rise of force is hmited by

the moUlity 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 g ass

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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arrano-ement precisely similar to the condenser (Fig. 33), 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

fvith the earth, we touch it from time to time with the knuckle, a

series of sparks wiU be obtained, occasioned by the repulsion of the

positive Electricity naturaUy present in the tin plate, by induction

through the glass from the opposite plate electrified by the machine.

After a time these vdll 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, disclarge 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 1| inch all round uncovered,

and it is quite clear that the surfaces of dielectrics and conductors

may be arranged ia different forms without impairing the effects.

Glass jars or bottles are found much more convenient in practice

than squares of coated glass ; and the quantity of Electricity which

may be accumulated depends upon the extent of the coated surface
;

its intensity on the thinness of the glass.

(145) It may be as well here to state the meaning we attach to

the words tension and intensity; terms in constant use, 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, intensity in common

Electricity should be limited to the indications of an Electrometer

employed to determiae by certain known laws of its relations to 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

is twice 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 Han-is'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. Tension, Harris

applies to the actual force of a charge to break down any non-

conducting or dielectric medium between two terminating electrified

planes. Eor 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 tension ; 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 -.—tension applies

to the particles of the electric agency itself,—to a force, in short,

such as Paraday has shown to exist in the polarized state of particles

of matter, to unfetter themselves, as it were ;
whereas intensity

applies to the attractive forces between the terminating plates which

are the boundaries of tbe 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 tbe 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 ot

the induction sustained by the particles of the dielectric between

them, the force of which may be called intensity; and this may differ

from tbe 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, supposmg 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 tension 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

whetber Electricity be a force of this kind or not. The term

intensity is not open to this objection, because it simply expresses

tbe ener<ry or degree of power with which a particular force operates,

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 Musclienbroek and his friends at Leyden (8). In practice

it is found impossible to diminisli 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 construction, with the discharging rod furnished

with a glass handle in the position in Fig. 66.

which it is placed, in the act 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 Eig. 66 the Leyden phial is represented as undergoing
discharge by an instrument 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 manner, 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 internally

with brass filings instead of tin-foil, on account of the difficulty of

applying the latter to their interior ; for this purpose some thm glue

should be poured into them, and the bottle tui-ned 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 over its surface ;
on mvertmg 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, tummg 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 weU 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 generaUy

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 Imed

internally to rather more than half its length

from the bottom, and surmounted with a brass

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-
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ing is thus cut off from contact with the external 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 Fig. 68.

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 cover is thus insulated from the inside coating,

dust is excluded, and a greater stability, is given to

the wire. Thus arranged, the jar wUl retain its

charge much longer than on the usual plan. It was

contrived by Mr. Barker.

(153) The arrangement of the Eev. F. Lockey, by

which the fracture of large jars is almost with

certainty prevented, is shovm in Fig. 69. The wire,

instead of communicating with the interior coating

by means of a metallic chain, screws into the

bar of wood a, which is covered with tin-foil,

the sides of which press lightly against the

inner coating of the jar ; two slender pieces of

wood, h, c, also covered vdth tin-foU, are mor-

ticed into the bar a, and kept in place by a

brass pin at d; the other extremities press

against the sides of the jar close to the bottom

:

vride-mouthed jars should be employed, and if

they slope towards the bottom, the firmer can
the bar a 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 difierent points of the ianer coating, the force of the
discharge is divided into four parts, and not only is the risk of

fracture decreased thereby, but a complete discharge of the jar is

ensured.

A curious fact connected with the fracture of jars, first noticed by
Priestley {History, p. 611), and afterwards conarmed by Bachhoffher
{Blect. Mag., vol. i. p. 282), is, that though a ready passage for
restormg 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 efiect an equal degree of polarized intensity
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Fig. 70.

corresponding to the other portions of the jar, and in like maimer

during discharge more or less time wotdd be necessary to effect their

restoration to the natural state.
_ .

(154) Sir "WiUiam Harris fits up his jars as

seen in Pig. 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, P,

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,

Pig. 71. The first of these. A, consists of a brass

ball which slides vdth friction on a metallic rod,

A D, so as to admit of its beiug placed at any

required height. This ball has a number of holes

perforated in its circumference to receive the pouit

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 seeond centre of

action consists of a larger ball of metal, B, attached

to a firm foot, and placed on the same conductbi;

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 ihv

lower ball, B, and sustains the metallic rod above

described by the intervention of a ball of baked wood, D, the

opposite end of the rod terniinatiug in a similar ball, C, through tlie

9
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substance of whicli the conducting communication with the machine

passes when it is placed on a separate foot. AH 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. (JEncycl. Brit., art. Electricity.')

(155) The discharge of the jar is the passage of the electrical

forces ia 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 ninety-two thousand miles in a second, per-

forming the toTir of the world in about the same time that it requires

to wink with our eye-Uds, 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
tune 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
foUowing experiment was made by Wheatstone :—A circular piece of
pasteboard was divided into three sections, one of which was painted

I 2
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blue, another yellow, and a third red ; on causing the disc 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 electric 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. His 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 revolutions performed

by the mirror was ascertained by means of the sound of a su-en

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 two 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°, indicating 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 indetermination

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 or ELECTEIOITT. 117

appeared to be exactly in the same vertical line, but when the

velocity was considerable and the mirror revolved towards the rigid,

the lines assumed this appearance : — - when it revolved

towards the left, they appeared thus : — in no case were

they seen thus :
=

—

or thus : __:zz^ as 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 electric 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. 3rd. 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 (Eig. 96) ; its intensity may be approx-

imately determined by the amount of repulsion between any two
moveable bodies under its iafluence, or rather by the amount of their

opposite attractions by surrounding bodies under their inductive

influence.

In Eig. 72 is shown the quadrant electrometer, invented
-p'lg. 12^

by Henley for this purpose. It consists of a graduated

semicircle of ivory fixed to a rod of wood d. Erom the

centre of a descends a light index, terminating in a pith-

baU, and readily moveable on a pin. To use it, it is removed
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 efiected without the interference of the

operator. Fig. 73 represents the apparatus of Mr. Lane for this

purpose, a is the prime conductor of an electrical machine ; I the

jar, on the wire communicating with the interior of which is fixed

the arm of varnished glass c, on the end of this is cemented the

brass knob D
;
through this ball the wire / d slides, so that the ball
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Fig. Y3. 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 i and e, the strength of the

charge may be regulated.

(160) Another useful instrument is

the balance electrometer of Cuthbei-tson,

shown in Pig. 74. A B is 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

is a brass hook : the ball I 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/ c, being two

hollow baUs and a tube, which together riJakes nearly the same length

as that fitted on to e : g li, 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 pr

axis resting upon a proper shaped piece of brass fixed in the inside of

the ball I ; that part of the hemisphere towards h is cut open to

Fig. 74.

k

permit that end of the balance to descend till it touches d, and the

upper hemisphere h is also cut open : the arm y is divided into sixty

grains, and furnished with a slider, to be set at the number of grams
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the experiment requires: A; is a common Henley's Electrometer

screwed upon the top of h. The slider is placed loosely on the arm

g, so that as soon, as y A is out of the horizontal position it slides

forward towards /, and the ascending continues with an accelerated

motion till h strikes d.

Now suppose the instrument to he applied to a jar as in the figure
;

a metallic communication by a wire or chain is established between

c and the inside of the jar, h is screwed upon h with its index point-

ing towards h, the increase of the charge in the jar. is thus shown:

suppose the slider to be set at fifteen grains, it wiU cause g to rest

upon /with a pressure equal to that weight : as the charge increases

in the jar the baUs/and g become more and more repulsive of each

other ; and when the force of this repulsion is sufficient to raise

fifteen grains, the ball g rises, the slider moves towards I, and the

ball I, 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 pUlars is fitted

a brass cap having a ring E 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 a 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. The 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. Pig. 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 P, 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. It consists of fifteen jars, the inside coatings of aU 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 coatings. 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 single jar, by connecting the metallip 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 ceiitre 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.

(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

blocks of box-wood four inches square ; melted into red hot globules

iron vdres 25 feet in length and -fioth of an inch in diameter, and
dissipated in a cloud of blue smoke tin wires 8 inches long and -iVth

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, througli

the body of the operator, would be attended with serious couse-
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quences : by employing, however, the balance electrometer of Cuth-

bertson (Fig. 74i), or the simple apparatus invented by Harris, and

shown in Pig. 95, p. 137, all danger may be avoided.

(164) The extent of charge which a jar or battery is capable of

receiving may be considerably augmented by moistening the interior.

It was noticed by Mr. Brooke {GumertsorCs Mectricity, p. 169)

that a coated jar would take a higher charge when dirty than when

clean, and in 1792 Cuthbertson 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 eiglteen

inches of iron wire, took a charge which ignited sixty 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 fimc-

tions of three, but his subsequent experiments on the fusion of wu-es

bV various quantities of Electricity at the same intensity, ledhim to the

conclusion that the increase of efi-ect was equivalent to the addition

of six jars. A jar containing 168 square inches of coatmg, 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 Pig. 76, was found to discharge spontaneously without

aifecting the separation of the balls g /, when the slider was set at

thirty; but when the inside of the jar was moistened by breathmg

into it no spontaneous explosion occurred, but the discharge took

place through the electrometer, and the wire was fused mto balls.

(165) The tendency of jars to spontaneous explosion when very

clean and dry, may be diminished without moistening their msides, by

pasting a sUp of writing paper, about an inch broad, on tbe mner

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 coatmg. The

action of this and of the other means that have been employed for

the same purpose, consists, according to ^mgev {Elements of Mec-

tricitv p. 135), in a gradual diminution of the mtensity 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 conductor. The height of the uncoated rim of small

Jars shol, according to the same authority, be about two or two

ind a half inches; with larger jars a rim of three inches w^U b

sufficient if they are fitted up with an interior paper band. Smger

also recommends to interpose a thickness of writing P^P-~
the coatmg and the glass, which may easily be effected by pastmg
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tte tin-foil first on paper, and afterwards applying tliis combined

coating to the glass. The metallic coatings are thus placed at a

greater distance from each other, and the chance of fracture ia

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 ofvarious phenomena connected

with the charge and discharge of coated glass may here be introduced.

JEx.

Experiments with the Leyden phial and lattery.

1. Eix to the outside.,coating of the jar, a, Eig. ?8, exposing

about a square foot of coated surface, a curved

wire &, terminated by a metallic ball c, rising

to the same height as the knob of the jar J ;

charge the jar, and suspend midway between c

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 c, again attracted,

and again repelled, and this will continue for a

considerable time : when the motion has ceased,

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 c Hkewise

proving the opposite electrical states of the outer and inner coatings.

Bx. 2. Place the jar A, Eig. 79, on the

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 iminsulated

jar C, may be applied as ia Eig. 79, both

jars will receive a charge.

This experiment was made by Eranklin

in confirmation of his theory that when a

jar is charged it contains in reality no

Fig. 79.
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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 machine. In order to demonstrate this still more conclusively

he arranged a series of jars, as shown in Pig. 80, taking care to

Fig. 80.

establish a ^od connection between th^ 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 niunber 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."

{JEh-anhlin'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. Tor 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 Eoyal Society (Jan. 13th,

1848), describes a method of chargmg 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.

Ex. 3. The foUovnng experiment furnishes another beautiful illus-

tration of the theory of the Leyden jar. It is called the luminous

or diamond \,viv. 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 hole i^ths of an inch in diameter, and pasted in five
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rows inside and outside of the jar. The

diagonals of the square pieces are placed

horizontal and vertical, and their points or

angles are separated by about -iVth of an

inch. The rows of the tin-foil squares are

similarly placed on the inside of the jar,

except that their horizontal points nearly

touch one another at the centres of the cir-

cular holes of the outer squares. Duriug

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

metallic spangles becomes momentarily illu-

minated, and presenting in a darkened room

an exceedingly brilliant appearance.

JEx. 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 brought 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 j^ee 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 tJirougl 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.

Ih. 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 wiU 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.

Ua;. 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 untH the outside of the jar is connected

with the earth, when the clappers wiU be set in active motion : thus,

by touching the exterior coating from time to time with the finger,

the beU-S may be made to ring at pleasure.

Ux. 7. Place some gunpowder on the ivory slip of the table of the

universal discharger, Fig. 75, and having unscrewed the balls a h,

insert the points of the wires into the powder about half an inch

apart : on passing an explosion from the Leyden phial through the

powder, it will be scattered in all directions but not ignited, an effect

occasioned, probably, by the enormous velocity (288,000 miles in a

second, according to Wheatstone's experiments) with which Elec-

tricity travels, not allowing sufficient time to produce the effects of

combustion ; that this is the reason is rendered apparent by—

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

Fig. 82.

t

niortar Ke 82, and tl.e circiut interrupted by ten or twelve inches

of in a poreelain basin: nnder tbe.e circumstances the gun-

powder is fired on discharging the jar.
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Pig. 83 represents Mr. Sturgeon's apparatus for firing gunpowder.

The powder is placed in the wooden cup

A, either dry or made up into a pyra-

midical form with a little water. The

brass ball I, which moves on a joiut, is

brought immediately over it, the chains

c d, being connected with the outer and

inner surfaces of a Leyden jar. The dis-

charge takes place, and the powder is
^

inflamed.

Ex. 9. Tie some tow loosely round one of the knobs of the dis-

charging rod, and dip it in powdered resia : place the naked knob

in contact with the outside of a charged jar, and bring the other

quickly in contact with the ball a : discharge will take place, and the

resin will burst into a flame.

Ex. 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 thiclmess of the card outwards ; a strong and peculiar

odour is at the same time developed.

Ex. 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.

Ex. 12. Hang two curved wires, provided Fig- 84.

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 a,

Pig. 84, with the outer coating of a charged

jar, and b with the inner coating, by means a b

of the discharging rod ; when the explosion takes plass the glass

will be broken with great violence.

Ex. 13. Eemove 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 smoke of the

candle, and re-light it.
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JEx. 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 ihe candle very low, and complete the circuit
:
the

jar will discharge itself slowly and put out the candle.

Ex. 15. Eemove 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, brmg

tlie surface of the sugar to nearly the same height as the centre of

the balls. Fix Lane's discharging electrometer, Pig. 73, on the

Leyden phial, and interpose the universal discharger between the

chain / 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, illummat-

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 charge through

them.
Hx. 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 Pig.

85 : connect the square piece of brass a with the

exterior coating, and arrange it at the distance of

about half an inch from the mouth of the cannon :

bring the knob b 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.
, , n . .t,

17. Colour a card with vermilion, unscrew the baUs Irom 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 card it will he 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 fiu^ility with which positive

Electricity passes through air, as compared to negative
;
and on

repeating the experiment in vacuo, the perforation always takes

place at a point intermediate between the two wires.

i:x. 18. To the knob of a large jar A, Pig. 86, screw a small
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metallic stage C, on which place a small jar B
;
charge -pig. 86.

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 briaging 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 electro-

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 vdU be reduced nearly to

a state of neutrality.

Ux. 19. Eill the bent glass tube, c d, Eig. 87, with resin, or sealing-

wax, then introduce two wires, a h, 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

over a clear fire by the silk string e, 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 discharge cannot

take place through it, but as it melts it becomes a conductor, and
then the discharge passes freely.

JEx. 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 Eig. 88.

It 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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Fig. 88. 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

is 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.

Ex. 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.

Trom 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

discharged Hke a common Leyden phial, induction

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 iUuminated 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. . , . -m i.
• -i— •

j-i

Ex 22 One of the most beautiful experiments m Electricity IS that

caUed (though most improperly) the " falling star :" it is produced by

transmitting a considerable electrical accumulation through an ex-

hausted receiver. Singer, in his excellent " Elements of Electricity,

recommends a glass tube,five feet in length and g of an inchm 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 diflused

state ; but by employing the charge of a very large WMensely c}^arged^^

a brilliant flash is obtained through the whole length of the ube^ The

metallic termination in the tube should be a very smal and well

polished baU ; and if care be taken to have the brass caps well rounded

and the air within the tube not too much attenuated the exponmei^

will rarely fail. If the tube be six feet long, it may be four inches m
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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 occasionally try to pass the charge down ; when at a certain

degree of exhaustion, it does so in a brdliant line of white light.

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

Fig. 90.

.liiiiia'miiilHniiiilinBtmTiiii"iHriiiHi»aiiiin»m

explosion of gunpowder by

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

roofnext 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 —

-

are also fastened by hinges to the sides : the building is kept together

by a ridge fixed half way on one side of the roof, so that when the

bmlding is put together it holds it in its place. "Within the house
there is a brass tube 1^ inch long, and f 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 a with gunpowder, and
ram the wire I a small way into the ivory tube ; then connect the
hook c with the bottom of a large jar, interposing a dish of water
as in Eig. 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, froiit, 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.

JEx. 24. Kg. 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

Fig. 91.
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liydrogen, to enter into combination. The metallic wire wbicb 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 m the

foUowing manner :-the mixture of the oxygen and hydrogen gas

being ready in a 4 or 6 oz. stoppered bottle, the cannon is filled watb

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 iar. 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 mclinmg

the plate to allow the excess of the powder to fall off, every Ime

marked by the knob of the jar will be observed covered with the

sulplw-, whilst the minium wiU be dispersed. On wipmg the p ate,

and drawing figures with the outside of the jar, the sulphur wiH 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 foUows:-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 coHected on

the positive, and the minium on the negative portions of the plate,

according to the well-known law of electric attra<;tion. This expen-

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 outhnes

will be formed. This experiment is known as « Lichtenberg s figures

The mechanical effects, and calorific phenomena accompanymg the

discharge of an electric battery, axe exemplified in the foUowmg

'""^nr Between the boards of the press of the universal dis-

charter (Fig 75) lay a piece of stout plate-glass, and send a powerful

change through it, the glass wiU not only be broken into fragments,

but a portion even reduced to an impalpable powder.

M 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 remoying 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.

Ex. 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.

JEh. 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

Fig. 74 a large jar is represented in the experiment of fusing fine

iron wire, a wire being substituted in place of the chain at c. 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- ^^S- ^2.

ratus for deflagrating metallic wires,

iavented by Professor Hare. Two

brass plates s s, are fixed in a pe-

destal by a bolt N, about which

they have a circular motion. On
one of the plates a glass column C is

cemented, surmounted by a forceps

F ; at the corresponding^ plate there

is a brass rod E, 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 T, and

approximating the other knob to the prime conductor, the charge

vml 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 i 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.

Gold wire

Silver

Platinum

Copper

Iron

Tin

Zinc

Lead

Brass

Diameter,

rio of an inch

16 0

1
18 0

1
16 0

_1_
18 0

_i_
18 0

_1
ISO

1 sTT

18 0

5>

Colour of the Oxides on paper,

purple and brown,

grey, brown, and green,

grey and light brown,

green, yellow, and brown,

light brown,

yellow and grey,

dark brown,

brown and blue grey,

purple and brown.

JEx. 30. By the following experiment it wDl 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. 31. 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

Bichman ig lilccwise full of instruction on

this point. Let a plate of coated glass, S,

be placed vertically on a stand, and let two

pith-ball electroscopes, p n, be attached to

the coatings. Bring the coating P into

contact with the prime conductor, the coat-

ing N being in good conducting communica-
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tion with the ground. As the charging proceeds the ball ^ will be

repelled by the free Electricity of P, while the ball n retains its

original position. On allowing the apparatus to remain undisturbed

for some time, the free Electricity of P wiU be gradually dissipated,

and the ball p wiU drop into its original position. Now charge the

plate again, and immediately cut off the communication between N
and the ground. The ball;) will slowly descend towards P as before,

but at the same time n will begin to rise, and by the time p has

reached the position a, n will have risen to h, the angle between the

balls being about the same as at first. Both balls will then slowly

sink tiU the charge is lost by dissipation. If during the descent of

the balls we touch N, the ball n wiU suddenly sink, and p will as

suddenly rise by an equal amount. On removing the finger from N,

p will fall and n 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 n wiU 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 n 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 loth

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 Earaday.

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 an-

:

a small charge of Electricity is conveyed from the prime conductor

of an electrical machine to the inner cylinder by means of a brass

ball suspended by a sUk thread. On now touching the inner coating

of the inner cylinder with a disc of gilt paper iusulated 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 inner 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 inner 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 Earaday's theory of static in-

duction, (78, et 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 leing entirely

engaged to each other hy 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 outside coating will be found in the opposite

electrical state, and inductric 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 Earaday'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

free 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 inductive force from one direction into another, for not the

slightest change is in such circumstances impressed upon the cha-

racter or action of the force, and the terms, "free charge'' and

" dissimulated Mectricity" convey therefore erroneous notions if

they are meant to imply any difference as to the mode or kind of

action (Ux. Besear. 1682—1084). Harris entertains similar views :

a coated jar, he says {Phil. Trans. 1834), 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 tlie

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 resume 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,

Pig. 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 s^jth to the r^oth
of an inch in diameter, and
about 3 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 Mectricity

Fig. 95.

*" -"iiiiiimiiiiiiniiiiiiiiiii iiimimiiiiimiiii^m
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Eor transmitting the explosion through the wire the simple appa-

ratus, shown in Fig. 95, was contrived, c is a brass ball supported

on a rod of varnished glass passing through the mahogany ball /,

supported on the glass pillar g. The ball c 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

at a given height on the baU c, by means of a pointed bent we
attached to a hinge joint at and provided with an insulating handle.

The ball c is in direct communication with the inside coating of the

jar or battery, and the ball J, 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 baUs d and I come sharply into contact,

transmitting the accumulation in a certaia 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 iasulating stand, and its

external coating connected by a vnre with the internal coating of a

second and precisely similar jar, uninsulated and provided with a

Lane's discharging Electrometer (Eig. 73). 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 mne

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 nine degrees. When the second jar was much

smaller than the first, the explosion took place at about each turn of

the plate tiU 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 eflects of the accumulation in either system.
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estimated as before at given intervals, Vfere precisely similar, and

corresponded to an equal number of turns of the pTate, 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 quanti-

ties of Electricity are given off at each revolution of the plate to an

uncTiarged 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. 3°. 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.

(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 separate insulation ; and the jar or battery
to be charged is connected with its outer surface through the inter-
vention of the brass ball 6, as seen in Eig. 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 wbich

the unit jar has ifeceived, the charges being determinable by means

of the discharging balls n n\ By increasing or diminishing the

distance between 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. {PMl Trms. 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 Mectricity, 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 accompUshed by a less quantity of

fluid than at first ; and this second dischai'ge of the unit jar throws a

still less proportion of the diminished quantity into J than m the

previous discharge; and thus it is that, each succeeding charge

reauires less and less fluid for the discharging intensity, and a

corresponding disproportion enters the jar J. '^^^^^''^
f'^'^.

of J becomes considerable, the unit jar will be nearly choked up, and

incapable of receiving any but a very triflmg quantity of fluid

Although however it is doubtless true that at each successive d s-

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 inner sxirface must be also proportionately more charged

each time before the balls connected with the coatings can have the

relations 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, &c., are not

altered. On this subject Professor Paraday 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 n n\ Pig.

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, Pig. 97,

and that being charged up to its discharging point, it contains ten of

positive Electricity ; then these ten will pass on into the large jar as

a discharge spark, and none will remaia 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 n and n' to each other will be the same as before, and the mutual
relation of the inner and outer coating of the unit jar'will be to each

other absolutely as he/ore; for no 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 n\ because of the

re-action backwards. Still, whenever a spark does pass from nto n\
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 n rC 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 qua/ntity of Electricity. Experiment: Two similar jars, each
containing five square feet of surface, being connected together, and
with a Lane's discharging Electrometer (Pig. 73), the balls being set

at -iVth of an inch apart, the discharge took place at the end of two
and a half turns of the plate ; the interval being doubled, the dis-

1
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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 i^tha

of an inch, it required ten turns of the machine to produce a

discharge.

(174) But the free action is inversely proportional to the surface.

Experiment : One of the jars in the former experiment being re-

moved, the balls being set at -Mhs 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 Aths of an inch, the discharge

again took place with five turns; and, on adding two more similar

jars and setting the balls at -^.-th of an inch, or one quarter the first

distance, the discharge still took place withfive 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 dvmmished,

then the discharging interval is directly as the square of the quantity

of Electricity.

Experiment : The balls of the Electrometer being set at Aths of

an inch, the discharge of a single jar took place with 2^ turns; a

second similar jar being added, the baUs remaining as before, the dis-

charge took place withfive twrns ; 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 Aths of an inch, the dis-

charge occurred at ten 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 = from which w^ get Q 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 remammg the

(176) The want of a correct knowledge of these laws has occa-

sioned some uncertainty in electrical inquiries. Thus, in describing

some experiments with

Cuthbertson assumed (Practical Electricity, p. 175, 1/8, 1/9, 180),

that when the slider had been set to 15 and 30 so as to measiu-e

separate charges, the surface being constant, the correspondmg

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

r 1 It was assumed also by Singer (Elements of Electricity.

. In relation to this Bubject, 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 two jars or only on one, but

in the experiment on which lie relies for the demonstration of this,

when the two jars were connected together, the slider of the Electro-

meter should have been set at 7^ 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 tbe slider therefore at 15 grains, Singer 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. douUe the quantity of

Electricity disposed on two jars does not produce four times the
effect, as it would do if the Electricity in one jar only had been
doubled, but only about two and a half 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 quantities are passed through
them {Singer, 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 talten place ; e. g. a given
quantity of Electricity accumulated on coated jars always produces
the same effect on the wire of the Electro-Thermometer (Pig. 94),



144 STATICAL OB FEICTIONAL ELECTEICITT.

whetlier accumulated on thick glass or on tliin, or on a greater or less

extent of surface, the number of jars and the length of the cu^cuit

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 inverse 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 facihtate the

discharge, e. g. when the density of the air is diminished to one-half,

the discharge occurs with one-Tialf of the quantity accumulated; that

is, with one fourth 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 twice the distance ;
in other words,

the resistance of the air is as the sq^uare of tie density directly. Erom

this it would appear that in air highly rarefied, as in the upper

fegions of the atmosphere, no considerable electrical accumulations

can take place; and one of the most beautiful experiments m
Electricity is to pass discharges through long distances m rarefied

air, by which exact imitations of summer Ughtnings 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-conductmg

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° Eah. The insulating

Tjower of air depends therefore solely on its density, and it would

anuear also that heat (if material) must be a non-conductor of

Electricity, since it does not in the least degree impair the msulatmg

^°7l8lf The supposed conducting power of a vacuum is unphiloso-M as a space free from all matter can scarcely be said to have

anv positive qualities whatever ;
the reason an electrified body

discharges to a conducting body in vacuo more readily than m air is,

because there is less restraining power in consequence of non-con-

duct'g particles of air. The discbarge does not however occur 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 toward 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 is as the surface multiplied by the interval

the accumulation can pass. When the surface is constant, it is as

the interval ; when the interval is constant, it is as the surface. 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 square root of the
attractive force.

3°. 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 wiU be as the square
of the quantity of Electricity.

4°. 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.

6°. The free action is in direct proportion to the square of the
quantity of Electricity, and in inverse 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 qs the Electricity is

L
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increased the surface is decreased, the attractive force is as the/ourffe

power of the quantity of Electricity.
_

6°. The effect of an electrical explosion on a metallic wire depenas

exclmively on the quantity of Electrioity, and is not influenced by the

intensity or free action ; it is diminished by accumulating the Ji-lec-

tricity on a divided surface ; it is as the sgvM-e of the quantity ot

Electricity. It is as the square 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.—It was

with an apparatus constructed on the principles

of the Leyden pHal, that Earaday succeeded m
proving by the most decisive experiments that

induction has a particular relation to the different

hinds of matter through which it is exerted. A

section of this ingenious apparatus is shown in

Eig. 98 a a are the two halves of a brass

sphere, with an air-tight joint at 6, like that of

the Magdeburgh hemispheres, made perfectly

flush an°d smooth inside, so as to present no

irregularity ; c is a connecting piece, by which

the apparatus is joined to a good stop-cock d,

which is itself attached either to the metalHc

foot e, or to an air-pump. The aperture within

the hemisphere at / is very small: ^ is a brass

coUar fitted to the upper hemisphere, through

which the sheU-lac support of the inner ball and

its stem passes : h is the inner ball, also of brass

;

it screws on to the brass stem i, terminating above by a brass baU

B • n is a mass of shell-lac, moulded carefully on to i, and serving

both to support and insulate it and its balls h B. The shell-lac stem

I is fitted into the socket y by a little ordinary resinous cement more

fusible than shell-lac appHed at m in, 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 sheU-lac stem untouched as an

insulation between the ball h and the surrounding sphere a a. The

ball h has a small aperture at n, so that when the apparatus is

exhausted of one gas and filled with another, the ball h may also

itself be exhausted and filled, that no variation of the gas m the

interval o may occur during the course of an experiment

ri84^ The diameter of the inner ball is 2-33 inches, and that ot the

surrounding spliere 3 57 inches. Hence the width of the intervening
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space through which the induction is to take place is 0'62 of an inch •

and the extent of this place or plate, i.e. the surface of a medium
sphere, may be taken as 27 square inches, a quantity suiBciently

large for the comparison of different substances. Great care was

taken in finishing well the inducing surfaces of the ball h and sphere

a 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, 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 witb the other, to observe what the

ultimate conditions of each were. For a detailed account of the

method of manipulating, and the precautions necessary to obtain

accurate results, we must refer to the original paper, of the author

{Experimental BesearcJies, Eleventh Series, 1187 et seq.)

(187) The question to be solved may be stated thus : suppose a an
electrified plate of metal suspended in the air, and h and e two exactly

similar plates, placed parallel to and on each side of a at equal dis-

tances and uninsulated ; a will then induce equally towards h and c.

K in this position of the plates some other dielectric than air, as

1
shell-lac, be introduced between a and c, will tbe induction between

• them remain the same ? Will the relation of c and & to « be unal-
' tered notwithstanding the difference of the dielectrics interposed
! between them ? {JExp. Eesear. 1252.)

(188) The first substance submitted to examination was shell-lac,

! as compared with air. Eor this purpose a thick hemispherical cap of
i shell-lac was introduced into the lower hemisphere of one of the
i 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),

t each apparatus being used in turn to receive the first charge before

1
its division by the other; and as it had previously been ascertained
tthat both the instruments had equal inductive power when air was in
^ both, it was concluded that if any difference resulted from the intro-
iduction of the sheU-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

L 2

i
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that cotdd be bestowed, an extraordinary and unexpected difference

appeared, and the conclusion was drawn that the specific inductive

capacity of sheU-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-/6

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 Paraday

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 an*.

(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 lull

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 the experiments with sheH-lac (188), Faraday first

observed the singular phenomenon of the return charge. He 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 m nme

or ten minutes would rise up to oO« 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 h and

B 98, above and within. It was then discharged, opened, the

ahell-fac tiken 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, assummg 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. Earaday also sought to

produce it without induction, and with one electric power, but faile.I
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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 induction

upon a polarity of the particles of matter.

(194) Faraday was at first inclined to refer these effects to a

pecuhar masked condition of a certain portion of the forces, but he

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 ball : 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 dielectric, 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 charge 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 described.

(196) The relation of induction to the matter through which it ia

exerted, is weU 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 discs. The middle disc is charged with a certain quantity of

Electricity, and the connection of the two exterior discs with the

ground is cut off. If the 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 shell-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 Earaday's great discovery originated

with Matteacci. (Meet. Mag. vol. ii. p. 186.)

Some of Matteucci's later experiments gave him results which

induced him to doubt the accuracy of the explanation, given by

Earaday, 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 theball experienced the same loss of Electricity, whethertouchedby

gum-lac, or sulphur, or by glass covered with a coat of gum-lac varnisli

yU of an inch thick ; and by constructing a kind of box of mica, the
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interior surface of which was covered with lac varnish, he compared

together air, sulphtir, glass, and gum-lac, and found the effects the

same in each.

(197) Lateral discha/rge.— WhQn&l&vgG 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 tiU 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 discJiarge ; 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 finite spark from either side alternately, whilst the

jar rests on the insulator.

Kwe 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 greateut wlieii 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.

Ux. 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 e C, and the outer coating J, be examined
;
they will all be

found in the same electrical state, which state wiU be precisely that

exhibited by the outer coating and knob, whilst charging, and the

small residuary charge will be plus.

Ex. 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 showiug that the Electricity of the spark varies

with the coatings.

Ex. 3. Immediately after the discharge, apply a metallic body to

the coating J ; a residuary spark will be thrown oflF, which spark

obviously cannot be caused by any lateral explosion caused by the dis-

charging rod.

Ex. 4. After this residuary spark has been taken from the outer

coating, examine the jar, and it will be found agaiu slightly charged

as at first, showing the spark to be merely a residuary accumulation.

Ex. 5. Charge a jar, exposing about two square feet of coating,

with a given quantity of Electricity, measixred by the unit jar w,

let a conducting rod terminating in a ball r project from the outer

coating, and place near it the electroscope E. Discharge the jar

through the rod c c 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 spaxk

will vanish altogether.

Ex. 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—that is 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 offeree when the Electricity is discharged from a greater or

less extent of surface, whilst double, treble, &c., quantities, when

discharged from double, treble, &c., 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.

^x. 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.

^x. 8. Connect the jar with the ground, and place a small quantity

of percussion powder enclosed in thin paper between the discharging

conductor c, Pig. 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 charge.

JEx. 9. Let a circular piece of wood between two and three feet in

diameter be covered with tin-foU, placed on a stool, and connected
with the earth as shown in -pig 99
JFig. 99. Let sparks be

now taken between the

prime conductor and the

ball a. 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

difterent 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 two 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..

Ex. 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 h c,

Fig. 100. Sparks were

passed from the machine

upon a, from which they

discharged themselves at d,

to the conductor c, and

passed along it to B ; but

under no circumstances

would they pass the spaces

jc « X, 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 0, connected with the same pipes, and in the same dn-ection

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 h at e, the sparks ceased to appear.

Ex. 11. Let a long brass rod, terminating in the ball A, Fig. 101,

be connected with the prime conductor of a large machine in vigorous

action; let a correspondmg 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 h connect the plate

with a good discharging train, while

a smaller brass rod c, terminating in a

brass ball is connected with the same

discharging train by the stout wire

c. 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 c rests on the

brass plate, no sparks will occur

Fig. 101.
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between it and the rod B ; but when c 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 c be or be not

attached to the smaller rod. Sere the reason why sparks are not

obtained between B and C, while the latter rests on the brass plate,

is because the resistance in the direction B & is less than in the

direction B C c, and sparks are obtained when the rod c does not

touch the brass plate because the resistance in tbe direction B C c is

less than in the direction B h.

(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 tbe 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 vsdtb 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 Eig. 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 Eig. 102, which is copied from

the actual effects of the electrical discharge. By the result of the

explosion represented in Eig. 103, 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 Eig. 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, 3, 8, 9, 10, &c. ; so little is there any tendency to a
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Fig. 103.

lateral discharge even up to tlie point of dispersion of tlie metallic

circuit in which the charge has proceeded : indeed, as Harris observes,

BO 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 iufluence 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 indistinctness 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 thfe 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 Loorais (American Journal of
Science, 1850, p. 320), as having been observed in several houses in
l^ew 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 entii-ely 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



158 STATICAL OH FEICTIONAL ELECTEICITY.

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. 3rd, 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 conductors with which we are acquainted.

Mr. Weekes foiind 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 mia. 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 hroom ; though the same instrument, when

mounted with pointed metallic vsdres, 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 {Phil 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 gumrlac, 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 plumulse 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 Electricity 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, describes 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. In fourteen days from the time

of sowing, the plants in the negative jar had grown to 2f inches,

those in the positive jar to 2i inches, and those in the ordinary state

to li 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, fiUed 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 smaU

metalHc 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 thn-d

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 actuaUy 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 ol

those which liad been raised under the influence of Electricity. The

attention of the author was subsequently again called to this subject

by tho extraordinary eff-ects reported to have resulted from the
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application of Electricity to the soil, and from his having been
solicited to take a part in the formation of an Mectro-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) Chemical effects.—Dr. Priestley first inyestigated 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 acid 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 PUl. 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 ]789, by Messrs
Dieman, Paetz, and Van Troostwyck, associated with Mr. Cuthbert-
son. Eor the experiment they employed a glass tube a foot long,
and one-eiglith 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 distiUed water, from which the air had been extracted
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 poweriul 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

1 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
1
agent. In the latter case, however, it may be supposed to have acted

1
mechanically, or by the heat evolved in its passage through a badly

^ conducting aeriform fluid.

M
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(211) In 1801, Dr. "Wollaston published in the Philosophical

Transactions a description 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 ^^rength ot

the charge of Electricity to the quantity of water, and that tbe

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. « Havmg, he

says, "procured a small wire of fine gold, and given to it as fine a

point as I could, I 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. I coated several wu-es

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^ of an inch m diameter

With another point, which I estimated at a succession of spaiks

one-twentieth of an inch in length afforded a current of small bubbles

°
r212^ In these ingenious experiments, however, true electro-

chemical decomposition was not effected: that is, ^h- ^^^^

regulates the transference and final place of the evolved bodies had

J influence." The water was decomposed at both poles mde-

pendently of each other, and the oxygen and hydrogen gases evolved

at the wies 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 Earaday, by

aSstituting a wire, or the finger, for one of them -a change which

Toel not at all interfere with the other, though it stops all action

at the charged pole. This fact may be observed by turnmg the

„,achine 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

sinele bubble will appear on that wire."
tVr

fsiS^ The following beautiful experiments, made by Earaday (E.r

•

BesearL series v. 462 et sc^.), prove that, so far from electro-chemical

decomp s depending upon the simultaneous action of t.o ^^et^

^
it-l£ may act as a pole, decomposition proceedmg therewith

rceularly and truly as with metal.
. , •

, ,

fxlece of turmeric paper, not more than 0 4 of an inch ni length,
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and 0 3 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 a, 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 n 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.

t train a, and its extremity brought opposite to a point p, connected

vwith the conductor of the machine. After working the machine for

aa short time, acid was developed at both corners towards the point,

' i. e. at both corners receiving the Electricity 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-

J'.nected with the conductor of the machine, so that its pointed
I .extremity was opposite a point upon the discharging train. When
1 M 2
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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 w-hich no metallic commnmcation

with the decomposing matter was allowed, but loth poZ.. formed of

air only. Pieces of turmeric and litmus paper, a I (Fig. 106), moist-

Fig. 106.

ened witb solution of sulphate of soda, were support^ed on wax

between the points, connected with the conductor ot the machine

and the discharging train, as shown in the figure; the mterval

between the respective points was about half an inch On working

the machine, evidence of decomposition soon appeared, tbe pomts h

and a being reddened from the evolution of acid and alkali.
_

Lastly, four compound conductors of litmus and turmeric paper

were arranged as shown in Eig. 107, being supported on glass rods
;

Fig. 107.

a h a h

<EI>\>t
J
—'— ^v.;

— ^--1—^ '

and on working tbe machine carefully, so as to avoid sparks and

brushes evidence of decomposition was obtained in each.

(214) Notwithstanding, then, the absence of metalhc poles, we

bave here cases of electro-chemical decomposition precisely similar to

tbose 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 tbe poles, but at the

T)art3 of tbe body whicb is suffering decomposition.

(215) The arrangement shown in Eig. 108 waa employed by

Earadav for effecting electro-chemical decomposition by common
i^araaay

_ Electricity. On a glass plato,

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 c

with an electrical machine, and

tbe other by the wire y with a

Fig. 108.
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discharging train, or with the negative conductor. Two pieces of

line platinum wire, bent as in Fig. 109, were provided, and so arranged

that the part df was nearly upright, while '

^.

the whole rested on the three bearing

points^ e f. The points^ n thus became d\

the decomposing poles. They were placed

on a piece of filtering paper wetted with <

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 ^ ; a similar piece, moistened in muriatic acid, was very

soon bleached at the same point, but no efifects of a similar kind took

place at n. A piece of turmeric paper, moistened in solution of

sulphate of soda, was reddened at n 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 p was on the litmus, and n 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 eflTected

by a voltanelectric current. (See ^x. Researches, third series, 309 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

AVollaston 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 "WoUaston's experiment this is not the case. If with

a constant pair of points the Electricity be passed from the machine

iu sparks, a certain proportion of gaa is evolved ; but if the sparks be



IGG STATICAL OR FRICTIONAL ELECTEICITY.

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

common Electricity can decompose water in a manner analogous to

that of the voltaic pile. But when I consider the true effect 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

bour, 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 whicb 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

snfficient 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

Electric Eluid," has succeeded in decomposing water ly 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

hydrogen 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-

ffical effect of this arrangement is described as being entirely novel,

the sensations produced by the electro-magnetic macliine being

exactly imitated ; but Mr. Goodman did not succeed in efiecting the

polar decomposition of water by it, the gas generated being a mixture

of oxvgon and hydrogen at each pole: but when the Electricity was
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collected by means of points, in connexion witt 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' tiu-ning, 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. Groodman determined to attempt decomposition

by unguarded ones. Having at hand two hammered platina wires,

vdthout any glass or other coatiag 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 usual 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 tioofold 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

j

wire was hammered at its extremity, until it formed a flat plate, whose area was

I about ten or twelve times the diameter of the wire : then, with a pair of scissors

it was cut into as fine a point 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.

L



168 STATICAL OB FRICTIONAL ELECTRICITY.

(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 vsdth

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.

(223) The currents were next introduced into the glasses, without

any guarded pole whatever, copper vdres being substituted :
in two

minutes and a half gas was evident upon every termination :
and,

lastly, two thick unguarded wires were inserted in a sinyle wine-glass,

one wire proceeding from the positive, and the other from the nega-

tive conductor,—in three minutes bubbles appeared : in Jive 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. Pive 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 true electro-polar, although there is

no direct proof that such is really the case.



ATMOSPHERIC ELECTRICITY. 169

CHAPTEE VI.

ATMOSPHEEIC ELECTEICITT.

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 atmospliere 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 the 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. " I saw 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 nil, then

negative. These oscillations from positive to negative were frequently

repeated
;
yet the Electrometer constantly denoted a little before the

lightning only E or + E and never —E We noticed in

the valleys of Aragua 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 maxima and two Qninima eyerj 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 maximum 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 maximum a few hours after, then

diminishes till sun-rise, and proceeds in the order already indicated.

The intensity 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 ineans 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 weU 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 G0°, and kept there for a feAV

minutes, the Electroscope being iminsulated ; 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) Bead, who made many experiments on the Electricity of

the atmosphere, employed the conductor, or " thunder rod," shown

in Yw. 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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Fig. 110.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, II

H, is to defend the glass rods, B
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, L, 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, IST, 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, 0. The bell N, which has a

metallic commimication S, 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 Pig. Ill, 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.

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 fovir-pronged fork, from which the copper wire
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e proceeds, and is conducted to a second insulated funnel d, enclosing

H 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 « ; / is a smaller ball connected with a bent wire

passing into the gun-barrel .y, and capable of being brought to any

required distance from the ball e; the gun-barrel passes through the

stone-work of the window, and is metallically connected with the

earth by the iron rod h. There is also an arrangement not shown m

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-pol«/-J^

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 funnels, one of which is represented in Eig. 112. It is

made of copper, about foiir 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 sufilcient 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

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, " Woli me

1
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tangerey On the same plane witli the conductor is fixed another

arrangement having a metallic communication 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.

(231) 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 baU, 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 Ms 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 screwed 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

horn a scorching sun succeeding much wet, or vice versd) draws near,

tlie 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 baU of the conductor and one of equal

size carefully connected with the nearest spot of moist ground. 1
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usually connect a large jar with the conductor, which increases the

force of, and in some degree regulates the number of the explosions

;

and the two halls between which the discharges pass can 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 force to

the former, indicating the passage of two oppositely and equally

electrified zones of tlie 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, fearfidly

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 efiect consequently takes place, during which
the windows rattle in tlieir 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 eff"ect, which is not a little increased by the
pauses occasioned by the interchange of zones. Grreat 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 STirface, on one side only. This battery, when fully charged,
will perfectly fuse into red-hot baUs thirty feet of iron wire, in one
length, such wire being of an inch in diameter. "When this
battery is connected with three thousand feet of exploring wire,
during a thunder storm, it is charged fuUy 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 dist.ance from each
other as to cause a discharge Avhen 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



17G STATICAL OH FEICTIOKAL ELT5CTRICITT.

weakened with each successive pair till all dies away, and not enough

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,

increasing 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. Eirst 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 helow 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 itijluencing 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 concentric

and opposite electrical zones. I was at first ijiclined 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, &c., Ac,

and compared the Electricity which resided on every part of their
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surfaces with that which was communicated to insulated primari/ con-

ductors, and I found no difference in the residence of the electric

fluid, as in both primaiy 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 suldivided 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 inductive influence begius, 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 manner 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.

Eudely speaking, evaporation seems to be the main cause. I should,

in speakiug of the conducting nature of clouds and vapours, make use

of a new term, and call them disseminated conductors, 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 efiects ; 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 forcibly 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
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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 mercury 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. Erom 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-mch

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,

/or upwards ofJive lours, 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 atmosj)here : 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. Sad 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 ot

understanding this intricate science?"

(23i) Amongst those individuals in whom the splendid electrical
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achievements of Mr. Crosse excited an ardent taste for atmosphenc
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 eiFect 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
m 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
efi'orts 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 philosopher 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 description of some brilliant

electrical phenomena observed during a grand hail-storm which
occurred 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, wiU be found another equally interest-

N 2
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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 principle 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 sufaciently 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.

(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 aerial 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 coUected

;

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

j.oor Eichman'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

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 Pig. 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 leas than two

inches thick), and firmly

cemented into a base-

board, which is secured

to the groimd 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. J 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, c 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 nicety

;

it is connected with the ground by a chaia 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 suf&cient height from the groimd 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 ofi" the box. On ordinary

occasions, that is, when no unusual exhibitions of Electricity arc

Fig. 113.
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anticipated, the balls of tlie 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 o'ight 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 vrith 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 tlie 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 ia the three

difierent 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 hiUs in

Westmoreland, and in the North Eiding 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

L
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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 difEiculty 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 bvmdle 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 strmg towards

the kite, where the wire was broken, were occasionally beautifully

illuminated. The noise from the string in the air was like to the

hissing of an immense flock of geese, with an occasional rattling or

scraping sort of noise.

" Two non-commissioned officers of the Eoyal 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 plajdng 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-

I'erence. 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. Eonalds, 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 Eeport 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 Eichmond, upon a promontory, formed by a flexure

of the river Thames, its least distance from which is 924 feet. The
nearest trees (elms) are about 13 feet lower than the top of the con-

ductor, 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 eflScient insulator. A safety conductor,
in good communication with the earth, is attached to bhe 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 Yolta'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
1
of the straws, which is so graduated as to indicate half the distance

1 in arc between the extremities of the straws, in half Parisian lines,

I each of the divisions, which are at equal distances from each other,

1 being equal to half a line. It is clear from this construction, that
I upon measuring the distance between the straws in a right line,

" the sine of half the angle subtended ly the extremities of the straws
1 is proportional to the electric tension of the charger No. 2 is so con-
5 structed that each division is exactly equal to five of No. 1, and the
c circular arc is graduated to read at once in terms of No. 1. The
c difference in the electrometer consists in the straws of No. 2 being

L
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Fig. 114.

lieavier 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 same

force. One degree of Henley's Electrometer is nearly equal to 100

divisions of Yolta, 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 Yolta 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.

(245) A pair of portable Yolta'

s

standard electrometers, used occasion-

ally in experiments on induction,

absorption, &c., of atmospheric Elec-

tricity, and very useful for observations

on mountains, &c., is shown in Fig.

114. The instruments are constructed

in strict accordance with Yolta' 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 ith

as much. The conductor, C, is a very

light conical tube of copper, about 3

feet 6 inches long, which scrcAvs on the

cap of the Electrometer, and carries on

the top a helix of small copper wire, on

which, when an observation is about to

he made, is placed the lighted solfawllo.

or sulphur candle, of Yolta, composed

of about 10 threads of lamp cotton

coated and imbued with sulphur wliih^

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

is ^

s'

cane.

(246) Immediately un- Fig. 115.

derneath the extremity of J —

\

that arm of the conductor

upon which the Henley

Electrometer is fixed,

placed the spark measurer

and safety valve. This

ingenious contrivance is

shown in Eig. 115. The

length of the spark is mea-

sured by means of a long

index, E, which exhibits the

distance of two balls, S S',

from each other on a multi-

plying scale T T, S being

attached to a rod, Y, which

is raised and lowered by
means of a glass handle, W,
a forked piece, X, &c. V
slides accurately through

the base Y, and the piece A. The bolt Z is in immediate commu-
nication with the safety conductor. Attached to the extremity of

another of the horizontal arms of the conductor is one of the wires

of a Grourgon's Galvanometer, for measuring Electricity of high

tension. In times of violent rain it gives strong indications, but Mr.
Eonalds places no dependence on it as a measurer of Electricity.

(247) The gold leaf electroscope and the

distinguisTiing electroscope used in the Kew '
*'

Observatory are shown in Eigs. 116 and 117.

A, Eig. 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,
it 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, Pig. 117, consists of a very thin Leyden phial,

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 fths of an inch distant

from each extremity of the phial. The intervals

D C, B C, are coated with sealing-wax inside

and out. A, thus prepared, is fitted to a bottle

with a metaUic 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

upon a bracket a few feet distant from the con-

_ ductor, to wHch, when used, it is approached by

hand to some distance proportionate to the height of the charge. It

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 o

lowering the tension of the conductor or injuring the gold leaves, let

the height of the charge be what it may.

(248) Dviring 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 deducmg

the annual and diurnal periods of the electrical tension. The toiiow-

ing is a very brief rSsumi of Mr. Eadcliffe Birt's elaborate discussion

{Bep. British Assoc. 1850) of the 10,526 readings; 10,176 were

positive, 324 were negative, and 26 were not employed in the dis-

cussion The greatest number of positive observations (104/)

were recorded at 8 a.m., and the least number (566) at 6

AM but this latter number Mr. Birt considers as probably some-

what too low; the hour of minimum tension appears to be 2

AM a gradual rise taking place from that hour untd 6 a.m.

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.m.,

when a maximum is passed, after which it gradually dechnes until

4 pm the epoch of the diurnal minimum, 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-
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siderably above the maximum of 10 a.m. From 10. p.m. to mid-
night the diminution of tension ia 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—St^nmer.—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 P.M. and midnight

: 2 a.m. is the epoch of the principal mini-
mum, the tension gradually rising until 10 a.m., the forenoon maxi-
mum; the succeeding minimum occurs at noon, gradually rising till

6 P.M., and then rapidly till 10 p.m., the principal maximum, from
which time till midnight the decline is very considerable.

Winter.—Oi 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 a.m., and rapidly to 10 a.m., the forenoon maxi-
mum, then gradually sinking till 4 p.m., the afternoon minimum, and
again rapidly rising till 8 p.m., the epoch of the evening, evening
maximum, the fall from which till midnight being enormous.

In both winter and summer a double progression is most distinctly
exhibited. The points of maxima and minima are well marked

;
and,

in most eases, present a tolerable fixity of epoch. The presence of
fog mostiy 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 maxima 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 maxima, in most instances
removed from each other by an interval of twelve hours, the principal
occurring at 10 p.m., and the inferior at 10 a.m. 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 ia
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 correapondence was shown as
to the months exhibiting the greatest degree of humidity and the



190 STATICAL OU FRICTIONAL ELECTEICIT-?

.

greatest electrical tension. The tension at sunset was, with but few

exceptions, higher than at sun-rise.

(251) Negative MectricHy.—The number of readings (324) 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, 1^4.^), previous to the fall of any ram, the Henley

electrometer rose to 90° P., and sparks IH inch in length passed

from the conductor. The charge changed to N. shortly after the rain

began, rising to 55° of Henley, and sparks Ath 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 ram, 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 readmgs 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 {PUl.

Mag vol. xxxvi. p. 161) as a point of peculiar prominence and he

believes that the entire process of nubification is mtimately 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 e&^cted, 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. E. Phillips (FM. Mag., vols.

.XXV. and xxxvi.) adopts the same view. In his exper.meiits on the

Electricity of steam he found that a jet of steam imparts positive

lleclicity to any substance that it touches, while at th-^^^^^^^

the steam may as a whole be more or less negative. When particles

of water are projected through a steam cloud they are -pposed to

lllc together the minute positive particles, thus becommg 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

reader 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

tion as the steam is passing, the water

receives a charge of negative Electricity.

If steam alone, or water alone, be intro-

duced into a tin pipe, no electrical effects

are exhibited ; but if steam and water be
mixed a positive charge is indicated.

Great increase in the fall of rain previous

to the occurrence of lightning has been
noticed by several observers; and Mr.
Birt's answer to the question—"Is the
sudden gush of rain which is almost sure
to succeed a violent detonation a cause or
a consequence of the electric discharge?"

—

seems a satisfactory one. The rain in

most cases precedes the lightning flash,

which is the result 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 Eoyal Observatory at
Greenwich, under the superintendence of
Mr. Glaisher. B is a copper tube, on
which the lantern, containing a lamp. A,
which is always burning, slides. The 'rod

Fig. 118.
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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. ihe

glass cone is protected from rain, &c., by a copper umbrella, 'from

which proceeds the wire communicating with the electrical mstru-

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

sin-le-leaf pendant gold leaf electroscopes, with Zamboni s dry electric

piles (Pig 10, p. 30) ; but as the communicating wne P 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 explormg

conductor after the exact model of the one at Kew, on the summit

of the Astronomical Observatory, a position in every respect unex-

"'msfA very valuable instrument for observing the Electricity of

the atmosphere, simple in its construction and certain in its results,

o wt"h any ni^mber may be made perfectly comparable with each

othir was invented by the late M. Peltier and caUed by him the

Ztionmecirometer. It is thus constructed
if^^^^f^f!^^^^^^^^^

a hollow ball of copper, four inches m diameter, is placed at the top

^f a r d of the same metal, which is terminated at its lower extrenn y

t a much smaller ball. Prom the last mentioned ball, msulat d

from the glass cover by a lump of shell-lac, descends a copper rod

w^ch Hflates and forms a kind of ring. At the centre of this

ring a small copper needle, which forms the essential part of^e

instrument moves freely balanced on a pivot. When he Electio-

TererTs in its natural site the needle is brought to the m.gne .

mer^ian by a much smaller magnetic needle, which is paraUel to t

rnd W immediately above it. Another copper needle mu h

"fcker than the moveable one, forms a system with the rod wh h

thicker tnai
sheU-lac, and fixed mio the

'Tn sCd Th "e metallic p.t of the apparatus is

wooden stana.
communicated from it neither to

insulated, and
"'^^^J ^^J, l,e established

the glass coveJ *
^^^.^^^^^

,.th tie gr ates are^

J horizontally. To prepare the

,erews, .Inch
^--^^l^l^J^,, ^ p,„eed that the fixed

;reTa:.t^:\hrdLtio; of the magnetic meridian. In th„
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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 tlie 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 ofi" 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.

(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 eqau
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 Hke manner a negative tension of the atmosphere is

indicated, when the instrument on being lowered, gives a positive
sign. The indications afi'orded by this Electrometer are simpler and
more readily interpreted than atmospheric electrometers of the usual
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 baU,'

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

o
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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, raia, and the force of

the wind, none of which circumstances affect 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 Eoyal 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 V Obser-

vatoire ^Boyale de Bruxelles, tom. vii. 1849. His experiments show

that, 1st, the atmospheric 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 theu^

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. 3rd. The absolute maxima and

minima of each month foUow a course precisely analogous to that of

the monthly means ; the means of these extreme terms equaUy 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

Electricity 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 included 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 trom

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 p.m. in the evening in summer, and towards 6 p.m.

in the winter. The interval of time which separates the two maxima
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is therefore more than thii-teen hours at the epoch of the summer
solstice, and eight hours only at the winter solstice. 4thly. The
minimum ofthe daypresents itselftowards three o'clock in the summer,

and towards one o'clock in winter. 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, occurs 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 et seq.) have, however, induced Electricians to modify

their views on this subject. M. Peltier has, indeed, endeavoured to

prove {Annales de CUmie et de Physique, t. 4, 3rd series) that vapour

produced at a temperature below 230° Eahr. never 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

from the simple evaporation of saline or pure waters. Whence then
does the Electricity of clouds and fogs proceed? According to

Peltier's views, the terrestrial globe is a body charged 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 tension. 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. Accordiagly 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 mfluence of the earth renders these clouds more resinous in the
upper part than in the lower. As long 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 2
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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 vitreous, and in the latter with resinous Electricity.

Peltier applied his theory to the explanation of the various forms of

clouds and fqgs, and various other meteorological phenomena. We

must refer our readers to his various memoirs. Annales de Cliimie at

de Flysigue, t. iv. 3rd series; Bulletins de VAcademie Boyale de

Bruxelles, 1842-3; Traite des Trombes ; Compes Bendus from 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 Abbe Nollet reproduced the

conjecture of Grey, attended with more substantial reasons
;
but it

was reserved for the great American philosopher, EranMin, 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 simHar 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 dso

of animal life. A thunder-storm is the result of an electrical dis-

turbance arising from the accumulation of active Electricity m

masses of vapour (clouds), condensed in the atmosphere. Agreeably

with the laws of induction, a mass of electrified vapour determmes an

opposite electrical state over that portion of the earth's sui-face

directly opposed to it ; the particles of intervening an: assume a

peculiar forced electrical state, which has been tQxme^ 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 Eig. 119, let T

renresent a mass of clouds charged with positive Electricity,

and V the opposed portion of the earth's surface rendered indue

teously negative ;
a, b, c, d may be taken to represent four particles

of intermediate air, the electrical forces in which are, under the

influence the cloud, no longer distributed in a state of inactivity

over their surface, as shown in e, where the blaek 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' Elottricismo, Bologua, 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 tbe 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 ; but 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 eartb ; 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 large 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 tbe 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 bas 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, vdthout 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. Its under surface is level, as if it rested on a smooth

plane. The wind is hushed, and everything appears preternaturally

calm and still.
, -, „ , c

- 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 tliey move about, tbey 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 near 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 clouds, 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 sometimeSj on broad and well-defined lines, from

cloud to cloud, and sometimes shootiug 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 the ignorant a thun-

der-holt, and erroneously supposed to be attended by the fall of a

solid body. The report of the thunder is also modified according 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 cart-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 disctarge tlirougli a circuit of many milea 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 an-, 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 cotirse 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. Tlaese 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

i^oise_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 aii- 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 ten seconds. Hence, the length of

the flash determines th e 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

poiat 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, Tliunder.



202 STATICAL OB TUICTIONAL ELECTEICITT.

aud 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 sufaciently 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, atBrabourn,

in Kent {Meet. 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 le found the chimney levelled

from 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 thii-teen 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 m a letter to J\lr.

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 hetv:een thefire-place and the windoic, just beyond my bed curtam,
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attended by a very loud, sharp, stunning noise ; it seemed like the

dischai^ge of a cannon, a volley of mortar fragments flew all over the

room. Afterwards, a second perhaps, came the thunder. Tlie blaze

was elliptic, about four feet horizontally, as perfectly distinct as the

blaze of a gas light ; its outHae 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 body appeared to have entered the chimney through the side of

the pot, in lohich it made a hole large enough to admit tioofingers, 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, forcing 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 tbe wooden mantel-shelf fastened to

the bricks, when it broke into the room'^burstingboth canvas and paper,

and forcing the wood-work about an iach 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 ofi" 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 taU 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.

(273) Arago * dividesthephenomena oflightning 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

eff'ects 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 have a progres-

sive motion.

" It is more than probable," observed Sir W, Harris {Essay on the

Mure of Thunder-storms, p, 35), " 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 di-awn 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 anass 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 efl'ect. The appearance termed

globular lightning may be the result of similar discharges ;
it is no

doubt always attended by a difl"usely 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 pomts

immediately through which it continues to force its way, and where

* Anuuaire du Bureau des Longitudes, pour 1S38.



LianTNiNG:—riBB bills. 205

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. ]Mi\ Hearder, of Plymouth, once witnessed a discharge of
lightning of this kind on the Dartmoor Hills, very near him. iSeveral

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 brilliancy down its

whole length, to a rivulet at the foot of the hill, where it termi-
nated.'

"

(274) That the appearances termed fire-halls 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 MelviUe." 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

baU of blue fire roUing 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 feaxful explosion, and shattered
the maintop-mast in pieces.

The account from the journal of the "Lady Melville" {Meet.
Mag. vol. i. p. 283) is as follows :

—

"At four, P.M., a great deal of wind; lightning and heavy black
clouds passing over head; at half-past six a hall offire struch 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
crackHng noise like a roll of musketry, with vivid sparks, breaking
several of the large iron hoops which surround the mast, and scattering
the fittings in all directions. A sailor, on approaching the hole on
the deck, was scorched so severely from helow upwards, 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 roUing along the

hiU towards the building in which the party had taken shelter."

Harris thinks that in many cases, in which distinct 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 to-windward. This

was evidently a sort of glow disclarge, or St. Sehno'sfire, produced

by some of the polarized atmospheric particles yielding up then-

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 nearing the ship, the point of discharge

became transferred to the head of the mast : and the strikmg 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 Hghtmng,

termed by the observers, the " rising of the ball through the mast of

the ship." The fatal occurrence on the Malvern HiEs, is another

instance of the same kind. It 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: wliilst the

greater number of discharges described as globular lightnmg, are, as

already observed, most probably nothing more than a vmd 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.*

* Katui-e of Thunder-storms, p. 39.
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(275) Some very remarkable appearances of lightning, during a

terrific storm whicli occurred in the neighbourhod of Manchester,

on the 16th of July, 1850, were observed by Joule {Phil. Mag.,

vol. xxxvii.), and Clare (ibid. p. 336). Each 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 striTcing 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. S. Strickland to the JElectrical Magazine (vol. ii. p. 125).
We quote certain parts of this description as illustrating the identity

of Jire-laJls 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 counting
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 ^isjive fire-balls were in view at
the same time

:
their flight was not so rapid as to be called instan-
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taneou8, for I could at times watch one through its course before

auother appeared
;
they all ended with two or more crackling reports,

crossing each other in aU directions, strildng the trees at aU heights,

and also striking the gronnd." Mr. Strickland suggests that hese

romarkahle phenomena may have been occasioned by the resistance

oifered to the electric fluid by the unusually dry state of the earth,

there having been scarcely a shower of rahi since the precedmg

January ; the electric fluid " laying piled, as it were on the ground

in masses or heaps, and flnally making its escape by the roots of

trees or by projecting masses of soUd rock." This peculiar form of

di harge seLs to be weU explained by referring it to the con

tinuous'charge and discharge of iry air, the particles of -

are charged to a sufficient degree of tension, move onwards, making

room fo? others. This form of discharge is

.^---^f
^

^ ^^^^

thunder; but that it is not less destructive m its effects than the

moTe common lightning flash, appears from the oUowing case

Lorted by M. Eegnier, in a letter to M. Merimee. (Beport of the

leporcea uy Bi.
g \ ,oifii «A irirl eiijhteen or twenty

French Acmlemy, August, 1846.) A giri, eignw

vears of age, was reaping with her father and mother m hot, %
weTtler at 3 p.m. the father saw a cloud approachmg, and expecting

I st rm to be at hand, he sent bis daughter homeward, he and his

wife ™t nding to overtake her. The girl set out in a direction

Wrd tie clfud; and the father, in a few ™ments. tu^ed^to^^^^

what had become of her, and was surprised to see h r ^ few pao s

from him lying on her face. On approaching, te found her

moWeTs L lifeless. Three hours after the event M Eegnier

r:lta-ed the ju^. ie to the
^f^^^^^^^^J^^ ^^^r

the position, as they told bim, in which she 1^=^

^^ '"^^^y^^^

arms were not forward, as occurs m ordinary falls, where time is

Ten for this instinctive action; her dress was not raised but her

r . was three or four paces firom her. On exammmg the body,

trtrre maXs ^s if oi\ burn on the right groin, and un er the

M and there were a few drops of blood m the right ear

ttrwt^' there were no external hurts; but the body was not

:tned Tt condusion arrived at waa, that ^eath —

d

T^M^tnL notwithstanding the declaration of the father of the

^ 1oSnnTd that he iii lot hear the sU,htest no«e. M. Eegnier

?^ r, thlfthe electricity rose from the earth, because the bonnet

thinks that the e.e y
^^^^^ ^^^^^^^^ ^

Z.t:lf^-^^ ro^dei end might give when acting from below

"^an) A curious case is related by Professor Thomson, of Gtogow
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{PUl. Mag. vol. xxxvii. p. 54), where two bell-wires hanging parallel

to each other were attracted, 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 Bendus, December 16, 1844),
be understood by referring to the yery 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, &c., but there
is no indication of the attractions and repulsions that are peculiar
to static Electricity. When the conductor is 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 insiafficiency. Now when
lightning strikes a building, there are, on account of the excessively
unequal conducting properties of the materials over which it passes,
powerfud actions of static Electricity. Wherever the Electricity is

an-ested 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) Ligltning Conductors.—To Eranklin, whose active mind was
constantly directed to practical appKcations 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 wat
to erect by the side of the budding 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 given 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 soH, or, if possible, with a
spring of water, and it should be carried above the highest point of
the building. Great care should be taken that every part of the rod
"he perfectly continuous, and that its substance be sufficient to prevent
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any chance of its being melted: perfect Becurity 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 invite the lightning any more

than a rain-pipe attracts the rain which faUs 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 described was considered by the French philosophers

{Annales de Chimie et de ^Bliysique, 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, hoAvever, related by

Loomis {American Journal of Science, 1850, p. 320), 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

liftecn or twenty inches from the tops of the chimneys, should like-
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•wise be soldered to tlie roof. The Hglituing being transmitted prin-

cipallj 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 centre of the chateau of Boisyvon near Vire, 9-1

metres in length above the top of the roof The electric 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, O'll 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 soHtary instance ofa 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
iDjury though furnished with no less than eight conductors {FUl
Trans, vol. Ixxii. p. 377). On the 12th of May, 1777, {PhU. Trans.)
the board-house at Purfleet was struck and damaged ; in February,
1829 {Annales de Chimie, t. xl. 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 " mtre Dame de la Garde," at
Genoa, was struck and damaged, a conductor having been applied
to It in the preceding year {Sammlungen zur FhysiJc for 1782, vol.

P 2
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ii., p. 588). But in these, as in many other instances that might he

quoted, the conductors appear to have discharged their duty most

efficiently, conveying away in safety the great mass of the explosion

whHe the small amount of damage that was in each case sustamed

was occasioned by the lightning having Ufurcated, or Ufurcaied

he/ore 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 aU 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 mches wide and

one-fifth of an inch thick, led in two lines across the adjacent fillets

of the flutes of the column, and appHed in lengths of ten feet, umted

by dovetailing. The whole is pinned to the masonry by copper nails

secvu^ed with lead. The conducting plates are united to the orna-

mental bronze work surroimding the capital, which is agam con-

nected with bands of metal, traversing the back and sword of the

figm^e, 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 metaUic plates, representing flames of fire :

between this and the floor of the gallery, are four thick bars of n-on

supporting a set of iron steps. One of these bai's an mch thick and

Le inches wide, is connected with the iron rail of the staircase

which reaches to the bottom of the building (Flnl Trans vol. Ixiv. p.

389) The whole height of this structure, including the one at its

summit, is 202 feet ; it has never yet been damaged by lightnmg
_

72^4 -When the electrical explosion faUing on the conductor is

verv dense the rod sometimes becomes covered mth aluminous glow,

alda Wwhi..ing sound is at the same time heard. T :s luun-

nous appearance is however of a perfectly harmless character and

nvuWl the conductor be of sufficient capacity, it is unattended

S a^y clr effect: it appears to be a sort of glow discharge

nmween metal and air immediately in the points of contact,

A .V be classed with the phosphorescent flashes attendant on

^:Z':^'or with theUreLing 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

oiu* insignificant arrangements, we can obtain a lateral discharge of

sufficient intensity to ignite gases and to communicate shocks,

the efiects of similar explosions from a conductor 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

aU 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 conduc-

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

hole, about a quarter of an inch

deep, and nearly an inch vsdde, is cut in the gable shaped board, and

this is filled with a square piece of wood of nearly the same dimen-

sions. It should be nearly of the same dimensions, because it must

go 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. Prom 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 pillai* is loosely fixed in the bottom board, so that

it may move easily roiind 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 op^posite 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 hght-

ning. When the passage is uninterrupted, the Electricity passes

quietly down, but when impeded it produces the most violent eftects.

(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

Mectricity, p. 83), illustrates the 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 L 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 r 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 wiH be struck, but no damage will be done to

the mast, and the fire wiU 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 iUus-

Fig. 122.

trating the power of pointed bodies to discharge the Electricity of

the clouds without attracting them. It is a modification of an old
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experiment of Prnuklin's {Letters, p. 121). c ^ & 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 wdth a lock of fine cotton w'ool, and suspended by

conducting threads from the arm c pi, 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 cp b to assume an inclined position. If the arm be now caused

to move upon its centre p, so as to allow the artificial cloud 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 estabhshed. 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' unceasiug

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 laminae 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 vpires 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

afi 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 Pigs. 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 circuit, it will

not at aU influence the passage of the electric fluid along the shorter

luie, 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 Magazine (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 184-2 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 there are not more than 40

recorded cases of ships struck by lightning

thouo-h numbers of remarkable instances

in which the conductors have carried ofi\,

tranquilly as it were, large streams of

atmospheric Electricity. In no case has

any ill 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 friglitful

extent. It thus appears that ships, not

furnished with the new conductors, have

been struck by lightning more frequently

than ships having such conductors, in the

proportions of 3": 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 ly lightning has vanished altogether from the records

of the navy.

(291) Volcanic 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 oif 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



TOLCANIO EKUPTIONS:—TOBNADOES. 219

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 aiid

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 volcano, 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

volcano, 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

volcanic 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 tornadoes, are really electri-

cal phenomena, or whether they are caused by heat evolved from

condensing vapour. The subject came under the investigation of the

Prench 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 wiU 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

with rapidity. The column was terminated by a cap of fire. To
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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

agreeahle 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, aad then proceeded slowly along an avenue of

willows, the roots of which entered the water, and being dm-ing this

part of its progress much diminished in size and force, it proceeded

slowly over a plain, and finally, at a distance of more than a thousand

yards from Cbatenay divided into two parts, one of which disappeared

in the clouds, the other in the ground.' ' The following is the exi^lana-

tion ofiered by Peltier. "In contemplating the rise and pro-

gress of this phenomenon w-e 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. Plashes, 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* tbe

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 ri«e

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 (Experimental Observa-

tions, 1836) the electrical hypothesis, but he thinks that the idea of

Peltier, that the cloud acts as a conductor, is tmtenable. 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 fl^ashes which we call lightnbig, 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

1836 by Dr. Hare himself on visiting the scene of a tornado at ISTew

Brunswick, appear well to accord.

(294) In the Comptes Rendus (Oct. 21, 1844), there is a report of

the phenomena attending a dry tromhe, or tornado, which occurred

at Escalqueus. It 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 toolc 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 ia 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 Erench 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 upon our
town, and committed such ravages, that at the present moment it

might be supposed that the town had been submitted to aU 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 zinc roof of tbe 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 zinc roof was carried off in the twinkling

of an eye, and the whole fa9ade 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 an 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,

rive or six large vessels have been completely wecked, 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. It 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 Avinds. 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.

V. All the immediate phenomena observed in waterspouts are due

to Electricity. They are 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 cither 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 whence result currents directed from

the exterior to the interior, and proceeding from all surroundmg

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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sea 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 efiects 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 electric 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,

1°. 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 crystaUizes
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 induc-
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 80 violent, within limits so very confined, whUe leaving the

1 surrounding places calm.

(297) That which renders the ivaterspout so remarkable is the
. circumstance of a double cone being formed when the phenomenon
I IS complete, one cone pointing downwards from a cloud, whilst
another points upwards from the sea. Captain Beechey, in the



224 STATICAL OB EBICTIONAL ELECTEICITY.

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 ram,

thunder, and Hghtning, 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 rana

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 lapwiiig 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 gast of

wind, it gradually receded. On the dispersion of this magnificent

phenomenon, we observed the column to diminish graduaUy and at

length retii-e from the cloud from which it had descended in an

undulating form ... • A Ull offire was observed to Precipitated

into the sea, and there was much Hghtning. The co umn of the

waterspout first descended in a spiral form until -et
f^f̂ ^^J

column a short distance from the sea. A second and a thn:d were

afterwards formed, which subseciuently united into one large column,

fd th again separated into three small spirals, and then dispersed

The barometer was not affected, but the ^1^-—r
f^U eigh

degrees. The gyrations were in a direction contrary to that of the

hands of a watch."
. -r. i • i„4. ono

(298) Another waterspout, seen by Captain Beechey m lat. 20

N and lone 22° W., was thus described and illustrated by him m a

^tt fto Cob^^^M iLa. of Stor^ns, p. 400) :
" The day had been

very sultry, and in the afternoon a long arch of heavy cumuli and

Si rose slowly above the southern horizon: while watching its

Tvement, a watLpout began to form at a ^l-^
the

^^^^^^

side of the arch, that was darker than the rest of the line. A thm

cone (Eig. 125 first appeared, which gradually became elongated,

cone (.J^ig. ; ir-i

^^^^.^.^^ ^^.^e^ ^th

„ 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 hitlierto been

undisturbed, but when the co-

lumns united it became per-
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Fig. 126.

Fig. 127.

ceptibly agitated, and was almost immediately whirled in tlie air

Avith a rapid gyration, and formed a vast basin, from tbe centre of

whicb 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

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. Thi^ dis-

I charge appeared to have an

I effect upon the' waterspout,

which now began to retire.

' The sea, on the contrary, was

]
perceptibly more agitated, and

Ifor several minutes the basin

( Continued to increase in size,

E although the column was con-

ssiderably diminished. (Fig.

1127.) In a few minutes more

tthe column had entirely dis-

>appeared, the sea, however,

sstill continued agitated, and

cdid not subside for three

nniautes after all disturbing

ccauses from above had vanish-

£ed. This phenomenon was

iimaccompanied by thunder or

ghtning, although the showers of rain which fell so suddenly seemed

o be occasioned by some such disturbance. Two days afterwards

e got into the south-east trade-wind ia lat. 0° 33' S. and long.

221° 40' W."
(299) That magnificent meteorological phenomenon, the aurora

orealis, is by many supposed to be in some way connected with

ectricity, and its appearance may be imitated with great exactness

y passing a stream of Electricity from the conductor of a machme

through a tube partially exhausted of air. The same variety of

olour and intensity, the same undulating motions and occasional

oruscations, and the same inequality in the luminous appearance are

Bxhibited as in the aurora, and when the rarefaction is considerable

various parts of the stream assume that peculiar glowing colour
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wliicli 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 Eive thus (Gomptes 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 vdth it, and terminates externally iu 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 eqg.

(300) 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 followiug 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. Erom half-past nine to ten, there w^as a large, luminous,

horizontal arch to the southward, and several faint concentric arches

northward. It was particularly noticed that aU 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. Tiie

intensity of the light, the prodigious number and volatility of the-

beams, the grand intermixture of all the prismatic colours in tbeiX;
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utmost splendour, variegating the glowing canopy with the most
luxuriant and enchanting scenery, afforded an awful, but at tlie same
time, the most pleasing and sublime spectacle in nature. Every one
gazed with astonishment, but the uncommon grandeur of the sdene

only lasted one minute ; the variety of colours disappeared, and the

beams lost their lateral motion, and were converted into the flasliing

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."

(301) "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 acquired 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 aU 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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is 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 not continue long to the north 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 hali-past

eleven was no longer visible.
n •

-. i,-^

"The colour of the light was most frequently yellowish white,

sometimes greenish, and once 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 Hght was always increased in

intensity The electrometer was tried several times, and two com- •

passes exposed on the ice during the continuance of this aurora, but

neither was perceptibly affected by it. We Hstened 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 tune, ihe

intensity of the Hght was something greater than that of the moon

in 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

luminous sheets met and overlapped. The phenomenon had all the

appearance of being full as near as many of the clouds commonly

seen, but there were none of the latter to compare them with at the

*^^302) The commencement and successive phases of a complete

aurora have been thus graphicaUy described by Humboldt (Cosmos,

Sahine^s translation, vol. i. p. 180): "Low down on the honzon,

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 graduaUy rises, and attains a

height of eight or ten degrees. The colour of the segment passes

into brown or violet, and stars are visible 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 as the bright arch

does not appear until after the segment, Argelauder considers that

the latter cannot be attributed to the mere effect of contrast with its

bri^rht margin. The azimuth of the highest point of the luminous

arch when carefully measured, has been usually found not quite m

the magnetic meridian, but from five to eighteen degree, from it, on

h "de towards which the magnetic declination of the place

directed In high northern latitudes, in the near vicmity of the

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 bluisli white tkrougb

gradations to green and crimson. In the common Electricity

excited by friction it is also found that tbe spark becomes coloured

only when a violent explosion follows higb tension. At one moment

the magnetic streamers rise siugly, 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 iu a quivering sea of flame, the splendour of which no descrip-

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 coruscations during bright sun-

shiue. 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 no

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 often 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 Alton, on the coast of "West

Pinland, in lat. 70 N., during the winter of 1838—9. (BecquereVs

Traite de Meteorologie.) " Between the hours of four and six in

the afternoon the sea-fog, which constantly prevails in those regions,

becomes coloured on its upper border, or rather is fringed with the

light of the aurora, 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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blackisli 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 or less regularity. The length of these rays was often very

varied, but they all converged to that point of the heavens indicated

by tbe 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

wrould then continue 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 intensity. 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 Hght 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 vrind, as

represented in Eig. 128.

Fis-. 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 lon^ 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

maffnitude 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 brightne'ss

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 arc, 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 Alton."

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 counting 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 Eiver, 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 cold. Parry, Eranklin, and Eichardson,

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 paraUel to the dipping-needle, and that

the bows, coroniE, 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 boreaUs is composed of

real clouds of luminous matter, floating in the atmosphere, which

frequently arrange themselves in series of Hues or columns, parallel

to the dipping-needle. What is the nature of this matter? This

question is answered by Biot in the following manner {Lardncr and
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WalTcer^s 'Electricity, vol. ii. p. 235) :
" Among material substances

certain metals alone are susceptible of magnetism
;
since, then, the

luminous matter composing tbe aurora obeys th6 magnetic influen''.e

of the eai-th, 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 clouds, 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-

ductibihty of the metallic clouds arising from the extremely rarefied

state of the metaUic 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, liglvt 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 afi'ected 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 foUows, 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



234 STATICAL OR TRICTIONAL ELECTRICITY.

meteoric light proceed; therefore the extremely minute rays com-

posiug 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 volcanic

eruptions ; and several volcanoes have been, and stiU are, in activity

round the place where the magnetic pole is situate. These eruptions

are always accompanied by electric phenomena. Thunder issues from

the volcanic 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 volcanic dust will be carried to an elevation exceeding that of

common 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 Erench philosopher. More

recently De la Eive (Fhil. Mag. 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 vdth 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 certam

degree of energy, by humidity, rain, snow, &c. De la Eive 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.
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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 ft

contrary direction, from the equator to the south 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, Jialos 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.

(307) The reason why these phenomena appear at the magnetic and

not at the terrestrial pole, is illustrated experimentally by De la Eive

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 occasionally 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 ciu-rent 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 are 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 Eavenna

and Pisa ; as did also Mr. Barlow {Phil. Mag., vol. xxxiv., p. 344)

in the telegraph apparatus on the Midland line.

(308) At the meeting of the British Association at Corlt, in

August, 1843, Mr. Nott (Athencstm) 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 wKicli 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 electric 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 rheo-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 briHiant

ring, the under part, towards the globe, being comparatively dark,

while above, all round the axis, were foUating diverging flames, one

behind the other. When the atmosphere was very dry, it had merely

the appearance of a beautiful electric brush.

(309) Earaday has thrown out the idea (though with his usual

caution), that the aurora borealis and australis may be connected

with currents of Electricity induced by the earth's rotation. " I

hardly dare venture," he says (Ea;. Eesear., 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. Eox, who

observed the deflections of the magnetic needle at Ealmouth 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. Nott's ingenious

experiment, above described, may be considered as, in some degree,

an experimental illustration of this theory, ^

(310) Eecent experiments (Jlumholdt) 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, aU the three manifestations of

terrestrial magnetism, the declination, inclination, and force, are

afiected 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

as 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 Earaday'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 seJf-lwninous ; that

besides the light which as a planet it receives from the central body,

it 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 not, he adds,

improbable the moons of Jupiter and the comets radiate a light gene-

rated ly themselves in addition to the reflected light which they

receive from the sun,

(311) Induction of atmospheric JElectricity on the wires of the

Electric telegraph.—According to the observations of Professor Henry
of Philadelphia {Phil. Mag. vol, xxx, p. 186), the wires are sometimes

struck by a direct discharge of lightning which is seen coarsing along
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the wire in a stream of light ; sometimes passing mth 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 occurs,

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 electi-ical

condition of the atmosphere surrounding the wire at one pla<;e 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 determme

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 currents

would be feeble.
• ,i

(313) A fruitful source of disturbance of the needles is the power-

ful currents produced by induction, by flashes of lightning occurrmg

perhaps many miles off This is iUustrated 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

bv silk strings round the ceiling of a room, a current was mduced m

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 Bol^^-^gJ

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 n

altrnate directions, was produced on the we. Sparks have mdeed
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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 j^,fc

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 diminish the sensi-

bility of the magnetic needles.

(314) 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. Mag. vol. xxxiVi p. 344), that in two
telegraphs proceeding northerly and north easterly^ i. e. from Derby
]Sr. towards Leeds, and from Derby JST.E. towards Lincoln, the direction

of the disturbance was always contrary to those proceeding southerly

and south-westerly, e. g. from Derby S. towards Rugbyj. and from
Eugby S.W. to Birmingham. He found currents at all times per-

ceptible in telegraph wires between two earth conductors, 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 a.m., to eight

P.M., and returning in the opposite direction during the remamder

of the twenty-four hours ; the movement of the galvanometer needle

being subject to disturbances whicb are the greatest during the

prevalence of aurorcB ; that the direction in which these currents

alternate is from N.E. to S.W., the effect not depending on the

direction of the vnre itself, but on the relative direction of the two

earth connections.

Barlow also made simultaneous observations vnth tbe 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 S. {i. e. from eight or nine 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 tbose 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 Eive considers them to originate in

the atmosphere.

(315) The extraordinary influence of the aurora lorealis on the

needles, and sometimes even on the beUs of the electric telegraph, is

thus noticed by Mr. Walker, superintendent of the Electric

Telegraphs to the South Eastern EaUway Company, in his entertain-

ing little work, entitled, "Electric Telegraph Manipulation:" "At

sucb times needles 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 witb greater

or less intensity, their motions being inconstant and uncertain.

These phenomena have occurred less frequently on the part of the

line between Eeigate and Dover, which runs nearly E. and W.; on

the part between London and Eeigate, which is nearly N. and S.

When, however, they do make their appearance on the telegraph m

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 Eamsgate,

these deflections have been a much more common occiurence, even

when the other parts of the line were unaffected, and when no

auroral phenomena were noticed. Tliis branch nearly coincides with

the curve of e^ual dip. A dipping needle inclmes downward to the
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same angle 6S"'40' at all. places along tbia 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 at times coiiect

Electricity from the atmosphere, and aftect 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 Earaday, 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 '(8B).

The telegraph wire is covered vnth gutta percha, the insulation of

which is tested by submerging the coUs 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

irisulation in the wire is immediately shown by the deflection of the

galvanometer, yet so perfect 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 360 pairs of

plates 4x3 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 aflected ; 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 ojDposite

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
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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 mHes 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 flo^dng 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, &c. ; a wave of force having been sent mto the

wire which gradually travelled along it, and made itself 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 opposite directions

from each extremity of the wire, while no current was gomg mto 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.

(318) The effects above described depend upon lateral induction,

and are necessary 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 withm

the wi^e 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.
_

f319) It is this lateral induction of the wire carrymg a current

which has occasioned such discrepancies in the measurements

of the velocity of Electricity as given by diflerent -^rmie^^^^^^^^

Thus meatstone (154), with copper we, made it. . . 288,000

* Walker, in America, with telegraph iron wire .
.

• Liebig and Kopp's Report. 1850 (Translated), p. 168.
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UiloB per second.

* O'Mitchell, in America, with telegraph iron wire 28,524

* Frizeau and Gonnelle, copper wire 112,680

i

* Ditto . iron wire 62,600

t A.B.G-., copper, London and Brussels telegraph . 2,700

t Ditto, copper, London and Edinburgh telegraph 7,600

But in regard to the long circuits 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,

(320) 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 Eoyal Listitution (Jan. 20,

1854), in which these associated cases of current and static effects

were first described. A long copper wire, having at the end on a

metal ball, was insulated in the air ; its end e con- j-jg. 129.

nected with the earth, and the part near m 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

s, so that the spark just freely passed there, and

then connecting n and 0 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 occupied altogether in the wire, which in a little

longer time than before effected the whole discharge.

• Liebig and Kopp's Eeport, 1850 (Translated), p. 168.

t Athenaeum, January 14, 1854, p. 54.

R 2
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(321) Beautiful illustrations and records of the facts above stated

were obtained by Mr. Clarke witb a Bain's printing telegraph. Tlie

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 Ime ot

the current was recorded. The following experiments were made

:

the three lines were side by side, and about O'l of an inch apart.

The pen m belonged to a circuit of only a few feet of wn-e, and a

separate battery : it told whenever the contact key was put down by

the finger ; the pen n was at the earth end of a long air wn-e and

the pen o at the earth end of a long subterraneous 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 circuit current through the pen men the

pens m and n were in action, the m record was a regular line ot equal

thickness, showing by its length the actual time during which the

Electricity flowed into the wires, and the n 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. iiut

when pens m and o were in action, the o Une did not begin untd

some time after the m line, and it continued after the m hne had

ceased, i.e., after the o battery was cut off. Eurthermore, it was

faint at first, grew up to a maximum of intensity, continued at that

as long as battery contact was continued, and then graduaUy dimm-

ished to nothing. Thus the record . 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 ot

lateral static induction along the wii-e; by the attainment of a

maximum and the after equality, it showed when this mduction

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

TOh the pens and o the conversion of an intermitting into a

continuous current could be beautifully shown, the earth wire, by

Z static induction which it permitted, acting n. a—
^1^^^^^^

to the fly-wheel of a steam engine, or the air-spnng of a pump.

Thus when the contact key was regularly but rapidly depressed and

raisedrthe pen made a series of short lines, separated by uiter.als
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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 continuous. If _^he

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

indi\ddual 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 n 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. Paraday 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 static and the dynamic 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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CHAPTEE VII.

GALVANIC OR VOLTAIC ELECTRICITY.

Various forms of the galvanic or voltaic battery-Law of Ohm-Wheatstone s

application—The Rheostat.

(323) Galvanic arrangements—VoUa's fmdamental experiment.—

Two polished metallic discs, one of copper and the other of zinc,

about three inches in diameter, and each provided with an insulating

handle, are brought into contact, holding them by then- handles;

they are then separated, especially avoiding friction, and brought

successively into contact with the collecting plate of a condensmg

electroscope (92), the zinc 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 tnne by touch-

ing them with the finger, a considerable amount of divergence of the

leaves of the electroscope may be produced. The electric eflfects

thus obtained were considered by Volta to be due to a pecuhar

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-

eluding Pfaff, Marianini, Eechner, Zamboni, Matteucci, &c.; 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

Eabroni, WoUaston, CErsted, Becquerel, De la Rive, Schoenbem,

Earaday Grove, &c. We shall endeavour, in a future chapter, to

present 'an unbiassed view of both sides of this interesting philoso-

phical question. .

(324) It has been shown by Mr. Grove (Elect. Mag. vol. i., o/),

that Volta's experiment is equally successful if the contact is pre-

vented hj the interposition of a circle of card, and he conceives the

action between the discs to be somewhat simUar to that which oc^

casions a coin, when allowed to remain for some time on a pohshed

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 ofpaper 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 fric-

tion produced by the pressure of the discs against the paper. Mr.

Gassiot has, however {Fhil. Mag., Oct. 1844), repeated the experi-

ment in the following unexceptionable manner : two plates, one of

copper and the other of zinc, four inches in diameter, were attached

to the insulated pillars of his micrometer electrometer {Fhil. Trans.

1840, p. 185) ; the plates were carefully approximated to about T^oth

of an inch. "When thus adjusted, a copper wire was attached to each

of the plates and also to the discs of the electroscope, which were

fixed at about ith of an inch apart ; the leaf of the electroscope was

raised, so as to allow it to swing clear of the two discs, 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 or 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 disc in connection with the zinc plate,

and if by the plus terminal, the leaf wiU be attracted to that in con-

nexion with the copper plate, which are precisely the same results as

foUow 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

easv to understand that increase of chemical action

must give rise to increased augmentation of the

electrical force. If we take two plates of diiferent

kinds of metal, platinum and zinc, for example,

Figs. 180 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
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Fig. 131.

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 circle. The

moment the circuit is broken by separating the metals, the current

ceases, but is again renewed on making them again touch either m

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

= exposed. It 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 afi'orded for the decompo-

sition of water, and has but little, if anytlung, to

do with the formation of sulphate of zinc ; not chemical action

alone, but chemical decomposition being absolutely essential to the

development of current Electricity. The force originates with the

zinc, passes in the direction of the arrow through the bquidto the

platinum, and thence back through the wires B C, to the zmc. This

is called a simple galvanic circle.
^

(327) To prove that the wire connecting the platinum and zmc

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 m 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 sulphuric

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 zmc 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 zinc (the metal a one

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-
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sider the transference of the hydrogen to take place hj the propaga-

tion of a decomposition through a chain of particles extending from

the zinc to the platinum, as in Pig. 132, 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 zinc undergoes decomposition, its

chlorine combining with the metal, and ^

its hydrogen displacing and combining

with the chlorine of the second particle,

the hydrogen of which combines with the chlorine of the third, and

so 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 siilphate of zinc has little,

if anything to do with the business, it being to the decomposition of

water that the efiects are to be ascribed.

(328) Now there is nothing in the appearance of the liquid be-

tAveen 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 PhilosopJiy, p. 413).

" 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, M'hich will fly off under its full influence.

Such analogies are 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
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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 zinc 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

iodine 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 zinc 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 zinc :
then the

hydrogen of the hydriodic acid followed the same course, and dis-

charged itself against the slip of platinum foil in communication with

the zinc.

(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 zinc 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 zinc form numerous voltaic circles, transmitting the cur-

rent through the acid that moistens them, and liberating a large

quantity of hydrogen gas,

(331) An important fact, of which a beautiful practical application

was 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 zinc

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 zinc, it is preserved, and the

zinc undergoes a chemical change. Davy found that the quantity of

zinc requisite to effect a complete preservation of the copper was

proportionably very smaU. 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 eflect was the same. Sheets of copper, pro-

tected by and T^-g- part of their surface of zinc, 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

A- to TTo, there was no corrosion or decay of the copper ; with

to there was a loss of weight : but even t-oVo 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 Tinluckily

it was found, that unless a certain degree of corrosion take place in

the copper, its sui-face 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. Eeinsch proposes

{Jahrh.fur Praht. 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 mollusca from adhering to the bottom of the

vessel as efiectually as verdigris.

(332) There are many modifications of the simple galvanic circle
;

the original cylindrical battery, Eig. 133, consists of a double cylinder

of copper closed at the bottom to contain the

acid, and a similar but smaller cylinder of zinc,

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 Eoyal Institution, under the direction of Mr. Pepys,

Fig. 134. 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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acid were required to charge this battery,

and when it is stated that a piece of platinum

wire may be heated to redness by a pair of

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.

(333) 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 quantity of Electricity

obtained from the voltaic pile is no greater than that from a smgle

pair of plates, it is its intensity alone that is increased ;
an important

fact which has received much elucidation from the important labours

of Faraday.

(334) The original instrument of Yolta is shown

in Eig. 135. It consists of a series of silver and

zinc, or of copper and zinc plates, arranged one

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

zinc 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 wirfes

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

^ill not in any sensible manner increase the di-

vergence of the gold leave3,-its intensity, therefore, is not materially

augmented.

Fig. 135.
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(335) An electric pile was constructed by De Luc, from which

much useful information respecting the direction of the electric

current in these cases of excitation may be derived. This instrumeut

consists of a number of alternations of two metals, with paper inter-

posed: the elements may be circular discs of thin paper, covered

on one side with gold or silver leaf about an inch in diameter, and

similar sized pieces of thin zinc foil, so arranged that the order of

succession shall be preserved throughout, viz., zinc, silver, paper,

zinc, 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 d/ry file on a much more extensive scale. It consisted of

twenty thousand series of silver, zinc, and double discs 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 Iriglit sparks could he 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 toW of an inch in diameter.

It gave a disagreeable shock, felt distinctly 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 chemical action, for saline com-

pounds tinged with the most delicate vegetable colours underwent

no change, even when exposed for some days to its action.

(336) On examining the electrical state of the dry electric column,

it is found to resemble thaat 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-

tionally increased: the zinc ex-

tremity is positive, and the silver

or gold extremity negative : as

may be proved by laying the

column on the caps of two gold

leaf electroscopes in the manner
shown in Pig. 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. 137, 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 zinc ends of two columns are connected with the two

gold 'leaves a contijiued repulsion will be kept up between the leaves,

they being then similarly electrified.

(337) 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 beUs.

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 rmgmg during

fourteen months was kept up. We are informed by Mr. Singer, that

De Luc had a pendulum which constantly vibrated between two

beUs 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 zinc, and covering the other Side ^vlth

finely powdered black oxide of manganese. On cutting disc> out of

this prepared paper, and pHing them upon eaxih other to the ntimber

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 {Flnl. 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

Le'vden battery to a considerable degree of intensity, and obtained

direct sparks of A of an inch in length. He ultimately succeeded in

obtaining chemical decomposition of a solution of iodide of potas-

slum, the iodine appearing at the end composed of the black oxide of

manganese.
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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 zijac

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 suu 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

a rest of a few days. The application of the dry pile to the electro-

scope has been already alluded to (52).

(339) Wben a series of some hundred couples of zinc 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.

34..0) The following were some of tbe results obtained from this

battery 30 pairs afforded a slight spark, sufi&cient 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

incl^._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 especiaUy at the

negative side ;—1200 pairs gave a constant small stream of the fluids,

between two wires or two pieces of tin-foH, placed xi o of an incb

apart, such wires or pieces of foil not laving heen previously IrougU

into contact. This stream, when received by the diy hands, was

exceedingly sharp and painful. A pith-ball, i 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 leing connected witli the foot of the instrument,

tbe leaves continued to strike the sides. This latter is a proof ot 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 ii^uch greater

addition to their power than one might promiscuously haVe imagined.

With 1600 pairs the stream between two wires not previomly brought

into contact was very distinct; 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 ofik>si e

poles of the battery : the two other ends of the wires are brought to

?h distance of about of an inch from each other. The moment

h 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 being 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.

(34!l) When the opposite poles of tbe 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, beard at a considerable

distance. Each 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 efiects would undoubtedly be exceedingly

violent ; we have not, however, heard that any person has yet
"

ventured to experience them.

(342) To avoid the trouble uf 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, vrith 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,

ia then, laid flat upon tliose combined slips, a cover is fitted on

s
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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 into 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 tbe 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 xVth 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

Pio-. 138. A, is a sectional view of a dry wooden box, lined with

Fig. 138.

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 conductmg

communication of metal to the rod C C. D, similar strips havmg

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 i^.,

a thin brass plate three inches square, placed horizontally on tbe

con.bined 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, L, 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 baUs, is a hole drilled

to receive the wires of communication M,

(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

is equivalent in power to many superficial feet of common coated

glass. It is not calculated to be charged to a higb intensity, as

in sucli 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

tbe breast and shoulders, and cause a constant stream of light to

pass between two wires i of an incb 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, whicb 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 yearis,

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-
screw 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

8 2
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from 40 ; this was evidently occasioned by the great resistance

which the current had to encounter from the bad conducting 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,

whHe 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

jiegative wire it was thrown down in much less quantity, though

in a more compact form; occasionally, 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 everv variety of tree and shrub, some particles starting

up into the lengthened form of the poplar, whilst others spread

laterally, assuming the appearance of fern : in less than a minute

the flame of the candle becomes darkened by the quantity of pre-

cipitated solid matter, which, as long as both wires remain m the

flame goes on increasing. Occasionally the carbon on the wires

comes into contact,-when a bright spark is seen, and the arbo-

rescent appearance for a moment vanishes. When the finely divided

carbon on the wires is brought into contact out of the flame, the

spark is exceedingly brilliant, and four or flve times as large as

the spark from the clean wires, especiaEy when Jiot ; a snap also

is heard.
, , n ^ , ^ i.

(34.G) Connected with a mica battery (consisting of twenty plates

of mica, each four inches square), 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 scintillaMons 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, suflicientiy

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 i of an mch

in diameter, suspended by a filament of silk, was kept up rapd y

between the plates, placed i of an inch apart. The mo ion ot the

ball has been kept up unceasingly for a fortnight and three weeks

together.
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(347) A very extensive arrangement of tlie water battery is

described by Mr. Grassiot {Pliil. Trans. 1844). It consists of 3520

pairs or series of copper and zinc 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 3520 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 imperfect ; 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 copper wires from the extreme

cells with the plates a and h of the double electroscope, Fig. 139, the

condensing plate p being removed, this instantly produces a con-

siderable and steady divergence of the gold leaves ; and on applying

the usual tests, the plate h, connected with the copper extremity,

gave signs of vitreous, and a connected with the zinc, of resinous

Electricity. If a 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 h diverged by

induction ; if in this state h was touched, and then removed from the

influence of a, it was found charged with the opposite Electricity.

(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 inches 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 T>Vth of an inch. When

the double electroscope (Fig. 139) was included in the circuit, and

the discs a and I 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 Effects.—Eov 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 lefore, or independently of,

the actual development of the chemical effects.

(351) 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 a of the

double electroscope (Pig. 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 I 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 tremidous 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 ceU, and that

the current is a collection or accumulation of discharges of Elec-

tricity of tension. When 320 cells were employed, the greatest

care being taken to insure perfect insulation, not the slightest

evidence of any chemical action taking place in the ceUs could be

obtained previous to completing the circuit, although there was

sufficient intensity to elicit sparks through T^th 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 tension
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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 ternii-

nala of the battery lefore their actual contact, 3rd. That these

static eflfects 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 current may be regarded

as a series of discharges of Electricity of tension 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

efiects elicited from a voltaic series are direct evidence of the first

step towards chemical combination or dynamic action.

(353) It is easy to see that many inconveniences must attach to

the pile of Yolta, 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 Pig. 140, which consists in a row of small glasses or cups,

containing very diluted sul-

phuric acid, in each of which

is placed a small plate of

copper, about two inches

square, and another similar

sized plate of zinc, not

touching each other, but so

constructed that the zinc

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 acidiilated water rapidly, and thirty

will give a distinct shock to the moistened hands.

(354) Another arrangement of the plates is shown in Eig. 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

Fig. 140.



264 GALTANIO OB VOLTAIC ELECTEIOITT.

Dr. Fyfe has shown {L. Sf JE. Phil. Mag. vol. xi. p. 145), increases

the electro-chemical intensity of the electric current, as compared

Fig. 141.

Fig. 142.

with that evolved by dilute sulphuric acid in the proportion of

seventy-two to sixteen. An important modification was that sug-

gested by the late Dr. Babington, and shown in Fig. 142 : the plates

of copper and zinc, 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 eflfect. 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 Eoyal 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. "WoUaston, 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-

sents the bar of wood to

•whicli the plates are

screwed ; S £ J3 the

zinc plates connected

with the copper plates

GCC, 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-

efficient voltaic battery.

It appears, from the experiments of Mr. Christopher Binks (Z. Sf JE.

Phil. Mag. for July, 1837), that a still further extension of the

copper would be attended with a considerable increase of power. He
remarks that whatever may be the care taken to procure two plates

of zinc 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 :

zinc plates he also finds to lose less the first time of immersion than

during the second and third.

' (356) The arrangement shown in Fig. 144 is tbat of Professor

Hare, of Philadelphia. It combines the advantages of the compound

Fig. 143.

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.

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 zinc.

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. IM
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
Fig. 146.

of copper

and zinc plates for a

voltaic battery, the con-

trivance of J. - A. Yan
Melsen, of Maestricht,

is shown in Fig. 146.

The copper soldered to

the zinc in each pair

envelopes the zinc 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 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. U7. Fig. 148.

J
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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 immersed into 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 7i inches high. By its means a

platinum wire -gV 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 -h- of an inch thick, and 15f inches long,

became intensely red, and fell into fragments. An iron wire oV of

an inch thick, and 15f 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 efibrt to separate them.

(358) 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 available 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 zinc itself, formed at the generating plates, was reduced at the con-

ducting plates, which became ultimately so incrusted with metallic

zinc 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 zinc surfaces to become opposed to each

Proceedings of the Electrical Society, p. 186.
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Fig. 149.
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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 Eue, 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.

Pig. 149 represents a section

of one of the cells of Daniell' s ori-

ginal "sustaining" or "constant"

battery; « 5 c J is a cylinder of

copper, six inches high and three

and a half inches wide ; it is open

at the top a h, but closed at the

bottom, except a collar ef, one inch

and a half wide, intended for the

reception of a cork, into which a

glass syphon tube
ff
h ij hia fitted.

On the top a b, 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

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, Imno, 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 m o, any addition causes it to flow

out at the aperture h. 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 a, at the top of the zinc rod. Various

connections of the copper and zinc 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 zinc 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 principal

objects were to remove out of the circuit the oxide of zinc, (which has

been proved to be so injurious to the action of the common battery,)

as fast as the solution ia formed, and to absorb the hydrogen evolved

upon the copper, without the precipitation of any substance that

might deteriorate the latter.
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(359) The first is completely effected by the suspension of the zinc

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 zinc and the copper, by means of a fine platmum

wire, ^i-^ 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 circuit 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 m

this manner, 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 the 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.
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length of tlie zinc rods exposed to the action of the acid was found
to be no more than four inches and a quarter. {Philosophical

Transactions, 1836.)

(361) 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 zinc, and allows the replacement of zinc rods

at a very trifling expense ; it secures the total absence of any annoy-

I
:
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 fiv6 minutes of action, and when they

;
are first connected in pairs, and afterwards in a series of ten, the

I quantity amounts to seventeen cubic inches. Eight inches of pla-

itinum wire, 2^ of an inch in diameter, may be kept permanently
I 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

1 laboratory purposes. To this end he constructed an oxygen cell, by
s substituting a plate of platinum for the rod of zinc, enclosing it in
t the membranous tube, which is closed at the upper end by a glass
i tube, bent in a proper form to deliver the disengaged gas, under a
I receiver. In this arrangement the hydrogen is absorbed as before,

Iby the oxide of copper, but the oxygen, to the amount of eighty
I cubic inches per hour, is given off from the platinum.

(362) Eig. 151 represents a single cell of the constant Fig. 151.

Ibattery, a cylindrical vessel of porous earth being subati-

ttuted for the bladder diaphragm, which proved very
iinconvenient on account of its becoming rapidly corroded,

aand pierced by the sharp edges of the crystals of metallic

•copper, deposited on the copper plate. These porous
jq'ars were, it seems, first employed by Mr. Dancer,* of
ILiverpool, and they are now composed of the thinnest
liunglazed biscuit ware, a most excellent material. The
bbattery, shown in Eig. 151, consists of a cylinder of copper, containing
aa tube of biscuit ware, which has a solid rod of zinc supported in its

ccentre
;
the cylinder is furnished with a perforated shelf, upon which a

sBupply of crystals of sulphate of copper is placed, so that the battery
bbemg once charged, will maintain an equal action for many hours.

* Golding Bird's Elements of Natural Philosophy.
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Fig. 152. Fig. 152 represents a set of six

of the above batteries, and Fig.

153 a set of ten large ones, tbe

copper cylinders being eighteen or

twenty-one inches high, with zinc

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 cells of the smaller size, six inches high, and

three and a half inches in diameter, forms a very efEcient 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 Avhich 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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(363) It was found by Mr. Daniell {Transactions of the Boyal
Society, May 30fch, 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 circalating force of both simple and

compound voltaic circuits increases, with the surface of the con-

ducting plates surrounding the active centres. On these principles

lie 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 collected 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^epelled 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 manner.

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.

(364) Mr. Gassiot afterwards, with the view of ascertaining the

;

possibility of obtaining a spark before the circuit of the voltaic

1 battery is completed, prepared first 160, and then 320 series of the
< constant battery in half-pint porcelain cells, excited with solutions of
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sulphate of copper and muriate of soda; but although the effects

after the contact had been completed, were exceedingly brdliant, not

the slightest spark could be obtained. He mentions m 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 tl^-

^
apparatus was used under every advantage, and the other effect

produced were in every respect in accordance with the extent of the

eLments employed, stm no spark could be obtained unt^ the circui

was completed : even a single fold of a sM
^f^^^^^^f^^^l

of dry We paper, was sufficient to msulate the
^^^^^

batterv though after the circuit had been once completed, it fused

Slim heated sixteen feet four inches of No. 20 platmum

^""^^

(365) rig. 154 represents a single cell of IMr.

Smee's voltaic arrangement, which, considering its

advantages to arise from a mechanical help to the

evolution of the hydrogen gas, he calls the cUmico.

mec-hanicah-h^ttevj. The circumstances which led

the author to the construction of this admirable

battery, are detailed in a paper inserted m the

16th volume of the i. and E. PML Mag

observes, that " the influence of different conditions

of surfaces is a subject which has escaped all

experimenters, which is singular, as many mu^t

have noticed that in a circuit the greatest quantity

-.==^ of gas is given off at the corners, edges, and pomts

FoUowing this hint, a piece of spongy platinum, consistmg as it

dot :?an infinity of^oints, was placed

.inc, when a most violent action ensued, so ^^^^
^^^^ ^^^^^^^^^ ^'^H

could be entertained of its forming a very powerful battery, ihe

C^e nZe of this material precludes it from being thus used and

her orel^ was determined that another piece of platinum should

be Ited with the finely divided metal This experiment -
attended with a similar good result, and the energy of the meta

thus coated was found to be surprising After a variety of exper

n^f» Mr Smee found that silver plates were preferable tor rc

1; ^he precip tated platinum, and he gives the followmg
ceiving the precipi^a i

^^^^^^

,a water, to

^^^^^ ^ to be formed by

p atmum is to

^J^^^^' ^^^t, ,
,,,eo, after tbe lapse of

n^^SrtXXI .iU be coated ,vitb a flue blae. 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.

(366) 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-screw. 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 suflB.ciently wide to embrace the zincs

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

T 2
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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 eqiiaUy

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 zmc

is retained on the zinc side of the battery. It may also be arranged

as a circular disc battery, or as a Cruickshank, each cell bemg divided

or not by a flat porous diaphragm ; but whatever arrangement is

adopted, the closer the zinc is brought to the platimzed 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 excitmg

Kquid as bv that means there is a chance of getting a deposit on the

negative m'etal, copper in particular is apt to get precipitated, in

which case the platinized silver should be immersed m dilute sul-

phuric 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

pubHc; it is simple in its construction, remarkably manageable in

its applications, and elegant in its appearance. It is soon set m

action, and as quickly cleaned and put aside; and
-f^^-^^^^

not the constancy of the admirable battery of Darnell, or the won-

derful energy of the battery of Grove, it may be kept m active

operation for six, eight, ten, or more days, when a sufficiency of acid

is'supplied to it ;
hence, its extensive application in the art of electro-

"t367ria a paper read before the Eoyal 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 then: difference. He

then describes some experiments which he considers as possessmg a

h\<rh interest as they prove a well-known .chemical phenomenon to

detnd oTSectrici^ thus tighten the link .^lich binds these

sciences ; and they led to the discovery of a vo^aic ^m^^^^^^^^^

much more powerful than any previously known. Gold-leat is well

known to be unaffected by either nitric or by muriatic acid alo^,

r \. •

a mixture of the two acids the metal dissolves. Mr.

Itve Se btwl of a tobacco-pipe (F.g. 156) into the

ITa wine-elasa; into this he poured pure nitric acid, whUe

gli: I'^ei with uinriatic'acid to the .a»e level
;
hi this

uZJ two atrip, of gold-leaf were aUowed 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 occurred

to Mr. G-rove to substitute zinc for the gold ; and on submitting it

to the test of experiment, he found that a single pair, composed ot a

strip of amalgamated zinc, an inch long and a quarter of an inch

wide, a cylinder 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

zinc, he was eventually induced to give it the preference.

Mr. G-rove 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. 156. Fig. 157.

Fig. 157 represents a single cell of the nitric acid battery, the zinc
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cylinder Z, open at both ends and divided longitudinally, is plunged

into a glass or stoneware vessel containing dilute sulpliuric acid, and

the platinum plate P, Pig. 158, which is corrugated to give it greater

surface, is immersed in a porous cell containing common nitric acid.

The sectional diagram, Pig. 159, exhibits the mode of fitting

Fig. 159.

Fig. 158.

up four pairs of zinc and platinum foil plates, as recommended by

the inventor. A B O D is si trough of stoneware or glass, with

partitions UHU dividing it into four acid proof cells. The dotted

Hues represent four porous vessels, of a parallelopiped shape, so much

narrower than the ceUs 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 foU, which are fixed

to the zinc by little clamp screws. Common roUed zinc, about one-

thirtieth of an inch thick and weU 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.

Pig. 160 represents a battery of four cells arranged
,

in series, aud

the first set of plates, removed from the porcelain trough D, showing

very clearly the arrangement. A. 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 screw with the zmc at a.

(369) On the evening of March 13, 1840, Mr. Grove delivered at

the Eoyal Institution a lecture on voltaic reaction aud polarization.
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Fig. 160.

and afterwards exhibited two batteries, constructed as above de-

scribed. Tbey were charged some time previously to tbe 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 platiuum 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

efiects 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 efiects 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 JE. 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 0-4 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 an 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

sulphiu-et of antimony is decomposed, and the metal brilliantly

deflagrated.

' (370) The following explanation of the superior power of this

battery is given by Mr. Grove {L. and JE. 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 zinc,

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, zinc 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, theoretically, should

evolve 213 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 crimping 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

chapter.
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tery was introduced by M. Bunseu {Archives de V Electricite, No. 7,

103
;
Fogg. Ann. vol. Iv., 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 introducing 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 carbon, and

polished on a plate of grey stone. Bunsen's battery has the cylin-

drical form of Darnell's, Pig. 161. Each 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 cylinder 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 (Be la Hive's Treatise, vol. i. 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, andDe la Eive 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 m-

creased five-fold. To keep the carbon thus saturated with acid, it is

surrounded by a glass cylinder, so as to keep an annular space be-

tween, which is filled with nitric acid. The two cyHnders 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.

(372) In the following series, the metals are arranged according to

their electrical characters, and in the same relation to each other as

zinc has to copper, so that any one of them operates as zinc 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. Zinc.

Hence, as we have already seen, a galvanic series of platinum and

zinc is more powerful than one of copper and zinc ;
and the latter

again more powerful than one of lead and zinc, &c. It is not, how-

ever, to be understood, that the power of any two metals in the table

depends upon the number 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 senes

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 wa^ thrown out by Jacobi,* that by adding more carbon to

that which us.ually enters into the composition of cast-iron, we should

probably arrive at a compound whose galvanic propertt'es would be

equal to those of platinum. The object may be obtained by a species

* See hiB " Galvauoplastic Art," translated by Mr. Sturgeon, p. 4.
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of cementation, or bj re-melting cast-iron with additional carbon in

closed vessels.

(373) This high negative character of carbon enables us to under-

stand how it is that cast-iron and zinc form so effective a voltaic

cii'cle, standing as iron and zinc do immediately next each other in

the above series. It was Mr. Sturgeon who first formed a large bat-

tery of these metals, (Annals of Electricity, vol. v.) It consisted of

10 cast-iron cyliadrical vessels, and the same number of cylinders of

amalgamated roUed zinc, with dilute sulphuric acid. The cast-iron

vessels were 8 inches high and 3^ inches in diameter. The zinc

cylinders were the same height as the iron ones, about 2 inches in

diameter and open throughout. The iron and zinc cylinders were

attached in pairs to each other by means of a stout copper wire. The

zinc 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.

(374) A prodigious battery, probably the largest ever made, in

which cast iron was the negative element, was constructed by Dr.

Callan {Phil. 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 zinc 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-

lore 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 ceU 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.

(375) 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 zinc

end a brilliant light was instantly produced. The copper wire was

graduaHy separated from the brass ring, until the arc of light was

broken. The greatest length of the arc was about 5 inches. The

length of the arc of light between charcoal points could not be deter-

mined, in consequence 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

zinc 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.

(376) 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 zinc, or more than 13,000 four-

inch plates, and to a Grove's containing 14-0 square fe6t of platma.

The largest copper and zinc battery ever constructed was that made

by the order of Napoleon for the Polytechnic school, and which con-

tained 600 square feet of zinc ; 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 {PUl. 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, ddute

sulphuric acid scarcely exerts any action. It may be platmized 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 ^'id 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 {Fog. Ann. vol. i. 255).

"The intensity of the voltaic 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

force between zinc and iron is smaller than between zinc and copper,

silver, or platinum ; nevertheless the current of the zinc-iron circuit

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-zinc ; and it was found that the interposition

of a wire of Grerman silver, fifty feet long, weakened the current from

the iron-zinc more than that of the copper-zinc ; 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 circuit, not only as

weak, but even weaker than that of the copper circuit. Professor

Poggendorff did not, however, succeed practically in effecting this.

(378) Mr. Eoberts has, however, offered an explanation (i. and

E. JPhil. 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 is one of the most powerful and strenuous sup-

porters of the Contact Theory of Gralvanism. It is 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-zinc 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

as 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 metals ; 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 electromotiveforce gene-
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Fig. 162.

rated by the iron-zinc, is not so great as in that of the copper-zmc

battery : but the quantity 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-zinc

than by a copper-zinc galvanic pair.

(379) Mr' Eoberts 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. Meet. sec. p. 357). Tor general purposes

it consists of twenty single negative iron, and twenty single positive

zinc plates, of six inches square, arranged alternately in a frame of

wood, and connected in the following

peculiar manner. Let the numbers

and z, Pig. 162 represent the zinc, and

the letters and i, the iron plates ;
let a

and h 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 c, 2 to d, 3 to e, 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.
c -c<\

•

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, as it can with no trouble be put into, or taken out of, its

box. The plates are put into a frame

made of bars of wood, as in Fig. 163.

The plates are kept from touching each

other by strips or rods of wood about

i or i 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

1
'

Fig. 163.

1
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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 zinc.

(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 JSJ. Phil. Mag., vols, ix., x., and xi., several

papers on this curious subject wiU be found, by Schoenbein, Paraday,

and others ; but we must confine ourselves here to the simple facts,

I'eferring 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, neither 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. 1'35, 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. 1"37, 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 suiB.cient 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 cedfeed.

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 circumstances, 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 vsdre, 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 bri<:ht

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 alove the fluid,

action was excited in the indifferent wire. A common wire was

made to touch an indifferent one, and both dipped into nitric acid,

the indifferent one going in Jirst : by this means the common we
was rendered indifferent, not being in the slightest degree acted on

by the acid ; the second wire rendered indifferent a third
;
the thu-d,

a fourth ; and so on. This experiment was found to 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 always returned to the active state, but were

again made indifferent by repeating the process.

5°. A vnre, polished very bright, and protected by platinum, was

immersed in a solution of nitrate of copper in nitric acid, which

acted very strongly on common 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 remam m

contact an hour or two, and then removed, the wire was left m the

peculiar state, exhibiting the curious phenomenon of a piece of

polished iron remaining untarnished in a solution of acid mtrate ot

copper The wire thus inactive, on being touched with a piece ot

common iron was instantaneously rendered active, undergomg rapid

solution and becoming covered with a coating of copper.

6° A piece of common 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 itselt

inactive ; but if it was first thrown tato 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 hy the fire, m 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 m every

case every wire was thrown into action, when either was touched m

fVip acid with an active wire.

7« In order to observe the electrical plienomena, a galvanometer

wal used iB the mamer described by Faraday , a platiuum ,vire™
Tonne ed with one of the cups, and the other end dipped ,nto a glass

ntling nitric acid, of the above strength; if now, an .on-wrre

Is conn!cted first with the other cup of the galvanometer, and then

I other end immersed in the acid, it was i.>active, and no deSccfon
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of the needle took place ; but if it was first put iato the acid, and

afterwards connected with the galvanometer, it was active, and the

needle was deflected in the same manner as if it had been zinc, i.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 platinum, 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 voltaic 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 eviuced by the galvanometer ; but

when either was thrown into action by being touched by a common
wire, that wire became instantly as zinc, and the needle was strongly

deflected.

9°. K 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 communication 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 protect 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 tooh place in any length of time, even when the platinum was

: removed ; but it always commenced when the inactive vrire was once
• touched in the acid with a common iron-wire, or with a piece of

I 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 vsdth 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 tliat 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 for the electrical current, the needle of the galvano-

meter leing quiescent; hut when it was put into an active state the

electrical current passed. Here then we have the iron made mactive

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 mate

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. 12, is not an effervescing action, the iron is slowly

dissolved; when a piece of clean metal is dipped in it, it speeddy

becomes covered with a brown substance, which is graduaUy depo-

sited, but dissolved by agitation.

14°. When iron-wire is made the positive electrode of a galvanic

batteiJy, consisting of fifteen or twenty pairs, and dilute nitric, 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 gtvmg off oxygen

from the decomposed water, while the platinum wire becomes sur-

rounded with a greenish fluid (nitrous acid) : any other mode ot

closing the circuit will not answer, and if, while oxygen is given oil

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.

IS' The same phenomena occur with diluted acid, only hydrogen

eas 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 oface 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 ii-on 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 it the

connecting wire be removed, and the cups joined by another m the

mrnner before described, that end in the cup in which the platinum

TeTative 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 of&ce 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 JE. Fhil. 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 hand, either amalgamated zinc, or a compound of zinc 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 zinc.

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 (X. and JE. Fliil. 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 so 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.

u 2
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1°. Half the surface of a strip of copper was amalgamated and

immersed with a strip of zinc in water, acidulated with 4 th ot

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

°
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 zmc, 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, weU 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.

40 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 ot the

sulphate were added to the solution. t •

(384) In these experiments it is shown that mercury, which, m its

normal state, is well known to be inefficient as the positive metal of

a voltaic combination, is in many cases equaUy mefficient as a nega-

tive metal from its faculty of combining with the cations of elec ro-

lytes, which renders it equally positive with the metal with which it

is voltaically associated, and the opposed forces neutrabze 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 no arrested.

r385^ The application of these experiments to the phenomena

presented by amalgamated zinc, Mr. Grove thinks evident; all the

Tet rogeneous metals with which the zinc may be adulterated, and

which form minute negative elements, being amalgamated, become by

T\Z\.^ eauallv positive with the particles of zmc, and conse-

'^^Z^l^^P— of anoLr metal to complete the

circu t all action is arrested as in the case of pure zmc. The fact

of am Igamated zinc being positive with respect to common zmc, of
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its precipitating copper from its solutions, and other anomalies, are

also explained by these experiments.

(3S6) 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. AAisn vertical, and 5 -B a

Fig. 164.

horizontal section of the wooden trough rendered water-tight. It is

grooved at the sides, as seen in B B, so as to receive the zinc plates

Z Z : 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

zinc, 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
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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

contaet 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 metaUic communi-

cation with the immersed platinum, and for the purpose of raising or

depressing the potassium in its cell, a moveable mercury cup formed

the medium of communication. Erom this the potassium hung sus-

pended by its wire, upon which a smaU weight was affixed to insure

the continuous contact and close appHcation 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

{Phil Mag. Dec. 1842 ; Fliil. Trans, part ii., 1843 ;
and part ii. 1845).

It consisted originaUy 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 Pig. 165. The tubes were charged with dilute sulphuric acid, sp.

gr. 1-2, 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 circuit it stood at

40°, and was slightly deflected when two were interposed.
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Fig. 165.

^
3rd. A brilliant spark visible in broad dayliglit was given between

charcoal points.

4th. Iodide of potassium, hydrochloric acid, and water acidulated

with sulphuric acid, were severally decomposed: the gas from the

decomposed water was eliminated in sufilcient 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.

Wheh the tubes were charged with atmospheric air, no efiect 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 oxygen 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 (P7«Z. 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

diiring an experiment, without changing the liquid in which the

tubes are imm.ersed, the form of cell shown in Yig. 166 was adopted.

Fig. 167. b c d eia a parallelepiped glass or stone-

ware vessel, such as is commonly used for

the outer cells of the nitric acid batteries.

The tubes are cemented into pieces of

wood ai, a c, and can, with the wood, be

separately detached from the trough, as

shown in Pig. 167. At the aperture or

space a a, 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 foU is turned

up round the edge of the tube, and brought

into connection with a binding-screw

In Pig. 168 a battery and five cells of this

Fig. 168.

screvzed iato the wood

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 tlie platinum, a series of ten

cells was constructed in which the platinum reached only 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 phatinum.

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 zinc 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 connected 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.

(392) 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.

J t, • -J r Notable effects. Slight symptoms
Oxygen and carbonic oxide . • ^ ^

& ./
r

of decomposing water.

Oxygen and chlorine . .
C Considerable action at first,

*

(_
scarcely perceptiblein24! hours.

Chlorine and dilute sulphuric acid About the same.

Chlorme and hydrogen . . f
^^^^^^^ .^^^^^^^

''^^^^

(
composing water.

Chlorine and carbonic oxide. . (
ceUs decomposing

water.

Chlorine and olefiant gas . . Feeble.
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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. A.lter 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 meaHs

which it affords of obtaining perfectly pure nitrogen. AU 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

adio'ining 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 pouits 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 circuit, 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 tenor 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 nitrogen was decom'posed ; he subsequently, however,

found that the increase was due to the addition of hydrogen, and

that in order to obtain the efiect with certainty two points were

essential; first the exclusion of any notable quantity of atmospheric

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 vdth hydrogen and atmospheric air, to allow

these to remain in closed circuit until all the oxygen is abstracted,

and a little hydrogen added by the electrolytic efiect 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

pwre 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. G-rove does not, however, venture a positive opinion ;
the fact,

as he says, " that gaseous hydrogen should abstract oxygen from

Tiydrogen 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

Pig. 169. In this battery, oxygen and den-

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 iastance 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 needle 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, alcohol, ether, &c., were thus

tried, and all produced notable voltaic eftects, 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.
p i. i, j

(394) Ohm's law.—hi 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 P

denote the actual force of the current, E the electromotive force,

and B- 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 tension. According to the

chemical theory, it is the af&nity 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 ofElectri-

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 formulae,

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 tension, 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 cases the

circuit be completed by & 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,

E ^ n E
E «E

But it is very different when the circuit is closed by an imperfect

conductor: for a resistance which might weaken to a considerable

extent ^ might not sensibly diminish
^ ^ ' 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 E, the resistance in the

battery cell, which varies directly with the distance between the

plates and inversely as the area of the eflBcient section of the liquid,

and which Daniell has shown to be the mean of that of the opposed

faces of the metals ; and we have 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,

_ __E
^ ~ E + r

In a single circle closed by a good conductor, the value of r 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 E
^ = ir&B r I

S + S

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.

Z = The length of the conductiug 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 directly proportional

to the distances of the plates from each other in the Uquid, and

to the specific resistance of the liquid; and is also mversely

proportional to the surface of the plates in contact with the

liquids.
, • j- i-i

3°. " The resistance of the connecting wire of the cu-cuit is directly

proportional to its length, and to its specific resistance, and inversely

proportional to its action."

(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 parallel to, a common variation needle, the

force of the current acting on the needle was determined by Ivamtz

to be proportional to the product of the sine into 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

Physics) 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-

tion of

Needle.

Intensity

of

Current.

Deflec-

tion of

Needle.

Intensity
of

Current.

Deflec-

tion of

Needle.

Intensity
of

Current,

1° 0-0001 31° 0-1016 61° 0*5179

2 0-0004 32 0-1087 62 0*5451

3 0-0009 33 0-1161 63 0-5740

4 0-0016 34 01238 64 0-6049

6 0-0025 35 0-1328 65 0-6380

6 0-0036 36 0-1402 66 0-6735

7 0-0049 37 0-1489 67 0'7119
8 0-0064 38 0-1579 68 0-7533
9 0-0081 39 0-1673 69

10 0-0100 40 0-1770 70 0-8475

11 0-0122 41 0-1872 71 0-Q014

12 0-0145 42 0-1978 72 0-Qfifl8

13 001 70 43 0-2088 73
14 0-0198 44 0-2202 74 1 •

1 004
15 0-0228 45 0-2321 75 X xOOO
16 0-0259 46 0-2445 7fi

17 0-0293 47 0-2574 77 J. OOOrt
18 0-0330 48 0 2709 7a 1 •'^l Ofi

19 0-0368 49 0-2850 79 X \jO t t

20 0-0409 50 0-2997 X OOO'i
21 0-0452 51 031 50 81 9-(l4.71

22 0-0497 52 0-3313 82 2-3133
oo 0<5 z ooob

24 0-0694 54 0-3653 84 3-1061
25 0-0647 55 0-3840 85 3-7378
26 0-0702 56 0-4035 86 4-6830
27 0-0759 57 0-4239 87 6-2551
28 0-0819 58 0-4455 88 9-6133
29 0-0882 59 0-4683 89 18-8034
30 0-0948- 60 0-4924 90 infinite.

(399) Otm 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 -w hich the needle
•wras suspended, the intensity of the current being proportional to
the number of degrees which the torsion inde.'c was moved back.
Pechner 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
inversely 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 a in 10
seconds is made under the influence of another current 6 in 5
seconds, then a : I = ^i- ..

-J,- = . .^i^. ^ 25 : 100 = 1 : 4.
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.

Therefore the intensity of the current h 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, ccetervs panhus as

the Uauadrate roots of the areas of the surfaces in action; from

which it follows that to construct a battery, the intensity o whose

current shall be double that of another given battery, t^e excitmg

surface of the former must be 16 times greater than that ot the

^^(loO^ In their verifications of Ohm's theory, the German and

French electricians adopted Eechner'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. Por this purpose he invented an instrument which

he calls a rleostat ; it consists essentially of two cylmders, one of

wood on which a spiral groove is cut, and round which is coiled a

wUe of very small diameter, and the other of brass
;
by means

of a hanL any^art of the wire can be unwound from the wooden

cylinder and wound on to the brass. The coils on the wood cylmder

being insulated and kept separate from each other by the groove, the

ZLt passes through the entire length of the we coiled upon

that cylinder, but the coils on the brass cylinder not being msula ed,

thfcurrent passes immediately from the point of the wire, which is

'
contact with the cylinder, to a spring in metallic;o—cation

^th the wires of the circuit. The effective part of the length of

I^e wire is therefore the variable portion which is on the wooden

cvUnder. The cylinders are six inches in length and 1| inch m

lamete ; the threads of the screw are 40 to the inch and the wire

tTf brass .^th of an inch in diameter. Very thm and badly

coBducUng mSLl is employed in order to introduce a greater resist-

anceTnt'the circuit ; a scale is placed to measure the nun^er of

cons unwound, and the fractions of a coil are determined by an

index wWch is fixed to the axis of one of the cylinders and pomts to

the divisions of a graduated scale.
telegraph

(401) Eor measuring very great resistances, as long telegrap
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wires, or imperfectly conducting liquids, "Wheatstone employs a

series of coils of fine silk covered copper wire about the ^-J-g- 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 cylinders, 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 units 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 reduped 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 274i miles. Por measuring
comparatively small resistances, Wheatstone employs a cylinder 10|
inches in length, and 3i in diameter, round which is. wound 108 coils

of a copper wire -^\-t}i of an inch thick, any part of which can, 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
circuit, aud the degree of accuracy with which these changes are

required to be measured. This form of rheostat 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 convolution)

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
;
Pig. ] 70 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.

Fig, 171.

(402) By means of bis rleostat, Wheatstone has sbown that the

number of turns of the cylinder requisite to reduce the needle of

the galvanometer from one given degree to another, xs an accurate

meaLe of the electromotive force of the circuxt. He has also

"that similar voltaic elements of various ^^^^^^^^^^^
ably to theory, have the same electromotxve force

;
that he ekc^o

H^otive force increases exactly in the same proportion as ^b^J^^
of simHar elements arranged in series ;

and that ^^^^ ^.^^^^
for decomposing ^ater is placed in the circuit, an electromotive lorce

Votorelements formed of m amalgam of potassium «tK zmc,

en rgetic electromotive force is exhibited by a votac"
Ttifg of amalgam of potas,ium. sulpUunc ae,d, and a pla of

platinum covered «th ^ « -
f P/^j^^.^f ^ ,0 tf W.aston's

such elements being equal to 33 ot Uanieii s, or

cells.



EFFECTS OF THE TOLTAIC CUEEENT. 307

CHAPTEE VIII.

EFFECTS OF THE VOLTAIC CTJEEENT.

Luminous, thermal, magnetic, and physiological phenomena.

(403) On 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 low: 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 {Exp.
Besear., 371, et seq.) that two wires—one of platinum and one of
zinc, 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 rhj 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 voltaic 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 relaijon 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 calorimeter 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-.

X 2



308 GALVAlSnC OB VOLTAIC ELECTEICITT.

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 maybe; pairs of copper and zmc one

quarter of an inch square, being quite as effectual as 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 mtensity. From

the largest calorimeter that was ever constructed, we can obtam no

direct shock, and only feeble electro-chemical effects, whHe thirty or

forty pairs of zinc and 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 intensity/ 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 (363). In

the Proceedings of the Electrical Society (4to. volume), a series of

experiments performed with a sulphate of copper battery, consiskng

of 160 cells, are detailed. The deflagration of mercury is described

as most brilliant; and the length of the flame between charcoal

points, was three-fourths of an inch. Zinc turnings were speedily

deflagrated, and their oxide was seen floating about the room, in

these experiments, the following interesting result w^sfrst obtained

:

• With the aid of the electroscope shown in Fig. 172, constructed by Mr.

172. Gassiot, the Rev. Charles Pritchard {Phil. Trans.

1844) obtained signs of tension in a smgle ceU

excited by dilute sulphuric acid with platinum

and zinc. 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 discs

must be adjusted with care, so as to aUow the

^ leaf to be equidistant from each. If B is con-

, r -11 V ot+,.o,.fpd to B' or the disc attached to the zmc, anu u

;:itip;—An': ... . .... .t^« - b *e

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 no 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 north 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 to revolve from left to right as the

hands of a watch. When the position of the magnet was reversed,

the flame revolved from right to left. The appearance of the flame

was not imlike 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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Fig. 173.

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 zinc, a brilliant white Ught, tinged with

red. The experiments may be performed by fixing a plate of pohshed

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 Hght.

Mr. De la Eue has contrived the

arrangement, shown in Tig. 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-

^1 !n nected with the terminal wires of the battery
:
by this

means 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 wu-e m the

yoltaic 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. Earaday has also shown {Ex^enmental

Researches, 853, note) that the same quantity of Elec-

tricity which, passed in a given time, can heat an mch ot

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 circumstaaces axe the same tor

"^OsTiiw^^aeneral Pasley who first applied the h^.ng

power of the galvanic battery to a useful practical purpose AATiile

enlged in operations on the river Thames, he was written to by Mr.

PalX mectro.netallurgy, p. 297), who recommended him
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to employ the galvanic battery, instead of the long fuse then in use,

and ^er 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 Eoyal Greorge at Spithead, as is

well known.

(409) The destruction by gunpowder of the Eound Down Cliff on

the line of the South Eastern Eailway, 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 10,000Z. and twelve months'

labour saved.

The following account is abridged from the Eeport in the Times

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 woidd be superfluous, therefore, to speak of its vast height, were

not the next cliff to it on the west somewhat higher : that cliff is

Eound-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. As a

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 TTinnel, 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 centuries. 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 lbs. of gunpowder were placed, and in the centre chamber

7,500 lbs., making in the whole, 18,000 lbs. 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 calculated 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. Each

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 Eoyal 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 sufaciently hot to ignite gunpowder to a distance of 2,300 feet

of wire.

" Exactly at twenty-six minutes past two o'clock, a low, taint,

indistinct, indescribable, moaning subterranean rumble was heard,

and immediately afterwards the bottom of the cliff began to beUy

out and then abnost simultaneously about 500 feet in breadth of the

suuimit began gradually but rapidly to sink. There was no roaring

explosion, no bursting out of fire, no violent and crashing splittmg

of rocks, and comparatively speaking very little smoke: for a pro-

ceeding of mighty and irrepressible force, it had little or nothmg of the

appearance of force. The rock seemed as if it had exchanged its solid

for a fiuid nature, for it glided Hke a stream into the sea, which was

at a distance of 100 yards, perhaps more from its base, filling up

several large pools of water which had been left by the recedmg tide.

As the chalk, which crumbled into fragments, flowed mto the sea

without splash or noise, it discoloured the water around with a dark,

thick inky-looking fliiid; 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-

sioned 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 m passing

through such an immense mass of limestone, it must have been JiL-

. The principal gaseous results of the combustion of giinpowder are carbonic

oxide IbTnracid. nitrogen, and sulphurous acid; the solid residue consists of

I boul 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 (PJdl. Mag. Dec.

1845 ; P/l^7. Trans. 1847) that there is a striking difference between

the heat generated in a platinum wire by a yoltaic 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 ia 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 vdth 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 containiner three ounces of water. A thermometer was

placed in the water in each vessel, the copper wires were connected

so 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 not visibly

ignited ; the temperature of the water, which at the commencement

of the experiment was 60° Pahr. 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 erolved in

Oases surrounding tlie wire. tlie voltameter per minute.

Hydrogen 7-7

Olefiant gas 7 0
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Cubic inches of gafl evolved in

Gasses surrounding the wire. the voltameter per minute.

Carbonic oxide ^ ^

Carbonic acid
^'^

Oxygen .

^'^

Nitrogen
^'^

(412) Experiments were made by Mr. Grove in order to ascertain

wbetber the phenomenon was occasioned by tbe varying specific beat

of tbe media surrounding tbe 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

possess a certain conducting power, and thus divert a portion of the

current from the wire. An experiment, however, with a battery of

500 ceUs of the nitric acid arrangement failed to show the slightest

conducting power either in this gas or in atmospheric air. Neither

can the cooHng 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 cooling effects than atmo-

spheric air ; and olefiant gas, which closely approximates air, and is

far removed from hydrogen in specific gravity, much more nearly

approximates hydrogen, and is far removed from air m its coohng

effect. On the whole, Mr. Orove is inclined to think that although

influenced by the fluency of the gas, the phenomenon is mamly due

to a molecular action at the surfaces of the ignited body and ot 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 ? AVhy may not the surface of hydro-

gen be as black, and that of nitrogen as white to the ignited we ?

Mr Grove thinks this notion to be more worthy of consideration as

it may establish a link of continuity between the cooling eftects of

different gaseous media, and the mysterious effects of surface m

catalytic combinations and decompositions by solids such as platinum.

Whatever may ultimately prove to be the real cause of the coolmg

influence of different gases, it is evident from Mr. Grove s experi-

ments that it is to be referred to some specific action of hydrogen, as

Telfferences of effect of all gases other than
1^);^-^"^^^^^^^^

compounds, are quite insignificant when compared with the differences

berween the hydrogenous and other gases. Mr. Grove (the tendency

o whose m^^^^^^ to make practical applications of the facts disclosed
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bby science) suggests that the experiments now detailed may ulti-

miately find some beneficial applications in solving the problem ot

aa safety-Hght for mines . A light wliich is just able to support

-itself under the cooling efi-ect of atmospheric air, would be extm-

...mished by air mixed with hydrogenous gas ;
indeed it is almost

ifmpossible to obtain the voltaic arc in hydrogen, though in nitrogen,

vwhich is equally incapable of combining with the termmals, it can

Ibe obtained without difficulty.

(413) Kg. 175 represents the appearance presented by the voltaic

Fig. 175.

flame between pencils of well-burnt boxwood charcoal, or which

answers better, between pencils formed of that plumbago-like sub-

stance found liniug 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 Eive, with a Grove's battery of forty pairs {Proc. Meet. Soc),

that the luminous are 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- -pig. 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 in 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 pouit 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, whicli must be formed in air as well as

in vacuo.

It is this more rapid consumption of the positive, than the negative

carbon which has 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 Duboscq's lamp pressed

upwards by a spring, the action of whicb is regulated by an endless

screw set in motion by a lever, which is worked by an electro-magnet

;

tbis electro-magnet, enclosed in th.e pillar of the lamp, is only active

when the circuit is complete, tbe 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 regiilator

Fig. 177. is shown in Fig. 177. The negative

carbon JST 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. E is an

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 regulatuig
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the spring B. Suppose now Fig. 178.

the voltaic current to pass with

its full intensity round the

electro-magnet E,the armature

on the lever will be imme-

diately attracted, the resistance

of the spiral E will be over-

come, that end of the lever

will descend, and the rod K
will be restrained or trigged by the spring I: as the distance
between the ignited carbon K P increases, the current circulating
round the electro-magnet gradually diminishes, till the force of the
spiral E 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 elec'tro-
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 cooHug influence of the external air, they are enclosed
in a glass cylinder and a metallic reflector E, which may be removed
at pleasure, is placed behind them.

Kg. 179 represents the arrangement of Poucault's experiment of

Fig. 179.

throwing the image of the carbon terminals during ignition by means
of a lens on a screen. It shows in a beautiful manner the gradual
wearing away of the positive and the increase of the negative carbons
Ihe small globules or specs observed on the charcoal 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

foUow 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 necessarHy

be more intense.

Ey experiments performed with an arrangement of thirty-six pairs

of his nitric acid battery, Mr. Grove estabHshed the foUowing

points:—
,

1°. If zinc, mercury, or any oxidable metal constitute the positive

electrode, and platinum the negative one, in atmospheric air, whHe

the disruptive discharge is taken between them, a voltameter inclosed

in the circuit, yields considerably more gas than with the reverse

arrangement.

20 In an oxidating medium, the brilliancy and length of the arc

are (with certain conditions) directly as the oxidability of the metals

between which the discharge is taken.
_

3°. In an oxidating medium the heat and consumption of metal is

incomparably greater at the anode than at the cathode.

40 If the disruptive discharge be taken in dry hydrogen, m azote,

or in a vacuum, no difference is observable between the heat and

licrht whether the metals be oxidable or inoxidable, or whether the

oxidable metal constitute the positive or negative electrode.

50 The volume of oxygen absorbed by the disruptive discharge

taken between a positive electrode of zinc and a negative one of

platinum in a vessel of atmospheric air, is equal to that evolved by a

voltameter included in the same circuit.
^ ^ , ,

f4l5) A remarkable analogy between the electrolytic and disrup-

tive discharges is here presented, but there are two elements which

obtain in the latter which have little or no influence on the former,

viz the volatility and state of aggregation of the conducting body.

Thi's was shown remarkably in the case of iron, which m air or m

oxygen gave a most brilliant voltaic arc, while in hydrogen or a

ZIm, with the same power, a feeble spark only was perceptible at
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the moment of disruption. Mercury, on the other hand, gave a
tolerably brilliant spark in hydrogen, azote, or a vacuum, and one
more nearly approaching to that which it gives in air.

(416) It has been established by Faraday, that in electrolysis, a
voltaic current can only pass by the derangement of the molecules of
matter; that the quantity of the current which passes is directly

proportional to the atomic disturbance it occasions : he deduces from
this, that the quantity of Electricity united with the atoms of bodies

is as their equivalent numbers, or in other words, that the equivalent

numbers of diflferent bodies serve as the exponents of the comparative

quantities of Electricity associated with them {Eccperimental Be-
searches, 518, 524., 732, 783, 836, 839). « Now," observes Mr. Grove,
" what takes place in the disruptive discharge ? When we see

dazzling flame between the terminals of a voltaic battery, do we see
Electricity, or do we not rather see matter, detached, as Davy sup-
posed, by the mysterious agency of Electricity, and thrown into a
state of intense chemical or mechanical action? Matter is un-
doubtedly detached during the disruptive discharge, and this discharge
takes its tone and colour from the matter employed. JS'ow, as this

separation is effected by Electricity, Electricity must convey with it

either the identical quantity of matter with which it is associated, or
more or less

;
more it can hardly convey,'and if less, some portion of

Electricity must pass in an insulated state or unassociated with
matter, and some with it." Mr. Grove proceeded to institute some
experiments vdth a view of determining whether the quantity of
matter detached by the voltaic disruptive discharge was definite for a
definite current, or bore a direct equivalent relation to the quantity
electrolyzed in the liquid portions of the same circuit. The great
difficulties attending such an inquiry defied accurate results; but
siifficient was gathered to afford strong grounds for presumption that
the separation of matter in the voltaic arc is definite for a definite
quantity of Electricity, and that the all important law of Earaday is

capable of much extension ; and uniting this view with the experi-
ments of Earaday on the identity of Electricity from different sources,
and with those of Eusinieri on the statical electrical discharge, it

would foUow as a corollary that every disturbance of electrical equili-

brium is inseparably connected with an equivalent disturbance of the
molecules of matter.

(417) In a paper published in the Transactions of the Eoyal
Society (Fhil. Trans, part i., 1847), De la Eive has communicated
some further researches on the voltaic arc, and on the influence
which magnetism exerts on it, and on bodies transmitting interrupted
electric currents. The length of the luminous arc has a relation to
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the greater or less facility with which the substances composing the

electrodes possess of being se-gregated, a facility which may depend

upon their temperature diminishing their cohesion, upon their

tendency to oxidize, upon their molecular state, and, lastly, upon

their peculiar nature. Garhon is one of the substances which pro-

duces the longest luminous arc, a property which it derives from its

molecular condition, which renders it particularly friable. When a

plate of platinum was made the positive electrode to a point of

platinum, the negative electrode of a nitric acid battery of fifty pairs

in rarefied air, a circular spot presenting the appearance of one of

Nobili's coloured rings was formed on the plate, the result evidently

of the oxidation of the platinum : it was not so vivid in ordinary air.

When the plate was negative, and the point positive, the former

became covered with a white circular spot formed of a vast number

of minute grains of platinum, which having been raised to a high

temperature, remained adhering to the surface. This also was larger

in the pneumatic vacuum. With a point of coke negative, and a

plate of platinum positive, an arc more than twice as long as before

was obtained, and the light, instead of being a cone, was composed of

a multitude of luminous jets diverging from different points of the

plate, and tending to various parts of the point of coke ;
the heat was

also much greater, and the platinum plate was soon perforated.

With the point of coke positive, and the platinum plate negative, the

heat was still very great though the arc was less. With a platinum

plate and zinc point the effects were most brilliant, white oxide of

the metal being precipitated (in air) upon the platinum plate, and a

black deposit in the vacuum of the air pump. An iron point gave in

air a deposit of red oxide, and in rarefied air a deposit of black oxide.

With a point and plate of copper the arc had a beautiful green colour.

When mercury was used the luminous effect was most brilliant, the

metal was excessively agitated, rising up in the form of a cone when

it was positive, and sinking considerably below the positive point

when it was negative.

When the arc is formed, it is those parts of the circuit which

present the greatest resistance to the current which become the

hottest. The metal, which is the worst conductor, is the most

strongly heated. AVhen both the conductors are of the same material

the development of heat is not uniform, it being much greater on the

positive side. With a silver positive and platinum negative point,

the latter becomes incandescent, the silver being much less heated

;

with two silver or two platinum points the positive one alone becomes

incandescent throughout its whole length.

In consequence of its good conducting power, a voltaic battery wiU
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Fig. 180.

heat to redness a greater length of silver wire than of platinum
;

nevertheless, if a compound wire be formed of several alternate links

of platinum and silver, as shown in Tig. 180, and disposed between

the poles of a powerful

battery, the platinum links

wiU become red hot during

the passage of the current,

while the alternate silver

links will remain dark. The

charge, which passes freely along the silver, meets with resistance

enough in the platinum, to produce ignition.

(418) Influence of magnetism on the voltaic arc.—It was first

observed by Davy that a powerful magnet acts upon the voltaic arc,

as upon a moveable conductor traversed Fig. i82. Pig. 181.

by an electric current ; it attracts and

repels it, and this attraction and repulsion

manifests itself by a change in the form

of the arc, which may even become broken

by too great an attraction or repulsion.

Pig. 181 represents the voltaic flame be-

tween two cylinders of plumbago, and

Kg. 182 the curved form which it assumes under the influence of a

magnetic pole.

De la Eive found that an arc cannot be formed between two iron

points when they are magnetized, unless they are brought very close,

and then, instead of a quick luminous discharge, sparks fly with noise

in all directions, as if the transported particles disengaged themselves

from the positive electrode*with great difficulty. The noise is analo-

gous to the sharp, hissing sound of steam issuing from a locomotive,

and this is the case whatever may be the nature of the negative

electrode. "When a plate of platinum was placed upon one of the

poles of a powerful electro-magnet, and a point of the same metal

vertically above it, and the voltaic arc produced between the point

and the plate, the former being positive and the latter negative, a

sharp hissing sound was heard ; when the conditions were reversed

the efi'ect was totally difierent ; the lumiaous arc no longer maintained

its vertical direction when the electro-magnet was charged, but took

an oblique direction, as if it had been projected outwards towards

the edge of the plate ; it was broken incessantly each time, being

accompanied by a sharp and sudden noise similar to the discharge

of a Leyden jar. The direction in which the arc was projected

depended on that of the current producing it, as likewise on the

position of the plate on one or other of the two poles. When a copper
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plate was made the positive electrode on a pole of the electro-magnet,

tliat portion of the surface lying underneath the negative poiut

presented a spot in the form of a helix, as if the metal melted in this

locality had undergone a gyratory motion round a centre, at the

same time that it was uplifted in the shape of a cone towards the

point. The curve of the helix was fringed with tufts similar to those

which mark the passage of positive Electricity in a Leyden jar.

"When the plate was negative, and the point positive, no such marks

were produced. With two copper points, the hissing sound was so

loud, as to bear a resemblance to distant discharges of musketry, but

for this the magnet was required to be very powerful, and the battery

power intense. The hissing soxmd was the result of the easy and

continuous transport of matter more or less liquefied from the

positive electrode, while the detonations were probably the effect of

the resistance opposed by the same matter, to the disintegration of

its particles when it was not sufiiciently heated.

(419) The magnet causes these effects by producing a change in

the molecular constitution of the matter of the electrode, or rather in

the highly diffused matter which forms the voltaic arc. That the magnet

really does exert a molecular modification of the particles of matter

subjected to itsinfluence,is proved bythe sounds producedwhen electric

currents are sent through metallic bars when placed on the poles of the

electro-magnet; bars of iron, tin, zinc, bismuth, and even of lead, emit

distinct sounds when traversed by a current from five to ten pairs of

the nitric acid battery, while resting on the pole of a powerful magnet

;

copper, platiaum, and silver bars do the same, and mercury enclosed

in a tube of glass emits an intense sound. De la Eive also found

that helices of metals were sonorous, as were dilute sulphuric acid, and

solution of common salt. It is the opinion of De la Eive that the

influence of magnetism on all conducting bodies impresses on them,

as long as it lasts, a molecular constitution similar to that which iron

and generally all bodies susceptible of magnetism possess naturally.

(420) Eor experiments on the sounds produced in metallic wires

by the passage of a voltaic current through or round them, a sounding

board may be employed on which the wires or rods are kept in a state

oftension, by a weight of nine or ten pounds ; the electric current may

be sent through the wires, or through helices of copper wire

surrounding but not touching them ; the current must not be

continuous, but broken at regular intervals by means of a mechanical

contrivance called a commutator. Those metals which are the worst

conductors give the most pronounced efiects, but iron far surpasses

every other metal, after which comes platinum. The sound given out

by a well-annealed iron wire, when it transmits the current, is very
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strong, greatly resembling the sound of churcli bells in the distance.

De la Eive suggests that it might perhaps be advantageously employed
in the electric telegraph. The tone of the sound varies with the

velocity with which the discontinuous currents succeed each other •

when the succession is very rapid, the sound resembles the noise

which the wind makes when it blows strongly.

(421) The vibratory motion which results from the magnetization

and demagnetization of soft iron is shown by the following beautiful

experiment. In the interior of a bobbin, or a bottle surrounded with
a wire rolled into a helix, are placed some very small discs or filings of
iron

; when the discontinuous current traverses the wire of the helix,

the discs or filings are seen to be agitated, and to revolve round each
other in the most remarkable manner, the filings have the perfect

appearance of being in ebullition ; if the current is intense, they dart
in the form of jets like so many fountains. The motion of the filings

is attended with a noise similar to that of a liquid wben it is boiling.

(422) The heating power of the voltaic flame is so intense that
the most refractory substances succumb to it; platinum, iridium, and
titanium, which withstand the heat of the most power- Fig. 183.

ful furnace, are readily fused. To exhibit these effects

a small cavity is bored in the positive gas coke electrode,

which serves as a crucible. Pig. 183 ; into this the

metal is placed, and the current is transmitted from a

battery of not less than twenty of Grrove's or Bun-
sen's arrangements, as shown in the figure; the metals

are not only fused, but are actually converted into

vapour and disappear.

(423) The conducting powers of metals, or their capacity for trans-
mitting Electricity, have been estimated very differently by different

experimenters, as will be seen by the following table, in which the
relative lengths of wires which, with equal diameters, conduct the
same quantity of Electricity, are expressed in numbers.

BECQTTEEEIi, OHM. DAYT.
Copper . . 100 Copper . 100 Silver 109-1
Gold

.
'93-6 Gold . . 67-4 Copper 100-

Silver
. 73-6 Silver . 35-6 Gold 72-7

Zinc
. 28-5 Zinc . . 33-3 Lead 69-1

Platinum
. 16-4 Brass

. 28-0 Platinum . 18-2
Iron . 15-8 Iron . . 17-4 Palladium 16-4
Tin . . 15-6 Platinum . . 17-1 Iron . 14-6
Lead . 8-3 Tin . . 16-8
Mercury . . 3-45 Lead .

. 9-7

Potassium . 1-33

X 2
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LENZ. AT 32° FAHE. EEISS. POUILLET.

Silver . 136-25 Silver .
148-74 Gold 103-6

Copper .
100- Copper . 10000 Copper .

100-0

Gold . 79-79 Gold . 88-87 Platinum 22-5

Tin 30-84 Cadmium 38-35
"Rra . •

f 16-2

Brass 29-33 Brass 27-70 1234

Iron 17-74 Palladium 18-18
Ca«?t Steel

y 130
[20-8

Lead '

.

14-62 Iron 17-66

Platinum 14-16 Platinum 15-52
Iron J

15-6

Tin 14-70 ll8-2

Nickel . 13-16 Mercury .
2-6

Lead 10-32

Harris gives the following order (^Trans. Boyal Soc. Edinhurgh, 1834:)

but does not express the relative conducting powers numerically ;—

silver, copper, zinc, gold, tin, iron, platinum, lead, antimony, mercury,

bismuth. His mode of examination was to pass the current from

the battery through equal lengths and sizes of the respective wires,

his electro-thermometer (Fig. 94) being included in the circuit
;
the

conducting powers of the metals, which were kept cool by being

surrounded with cold water, were estimated by the height to which

the liquid rose in the stem of the instrument. By thus experimenting

Harris arrived at the following deductions.

1°. That for certain and given small forces, the differences in the

conducting powers vanish, each metal being equally efficient. 2°.^ The

differences in conducting powers become more apparent within a

certain limit as the force of the battery increases. 3°. The principle

arrived at by Mr. Children, that the heat evolved by a metal whilst

transmitting a charge is in some inverse ratio of the conducting

power, is only true in employing charges within the limit of the

transmitting power, and when the force is great, the best conductor is

most heated, when less, the inferior conductor.

(424) Some other results obtained by Harris with his electro-

thermometer are worth recording. The heat excited in a metallic

wire by a simple voltaic arrangement is exactly in the inverse ratio of

the distance between the plates, and directly as the quantity of metal

immersed in the exciting liquid. When the wire is very thin, it is

more heated by a feeble current than a thick one, but with an

increased power, the thick wire is the most heated, the thin wire

being iinable to transmit the whole of the power. The influence of

heat in diminishing the conducting power of a metal is shown by

includinty a length of about 6 inches in the circuit together with the

electro-thermometer, and when the liquid is at its greatest height,

heating it by a spirit lamp, the fluid immediately falls, and continues
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to descend, as tlie wire becomes more and more heated
; on removing

the lamp, and allowing the wire to cool, the liquid recovers its former

elevation ;
when, on the contrary, the wire is artificially cooled by

pouring ether on it, the effect on the electrometer is increased. A
ydve that is heated to redness through its entire length by a voltaic

battery, may be fused by suddenly dipping a portion of it in cold

water, which is the common mode of demonstrating the influence

exerted by heat on the conducting power of metals. With a series

of 160 cells of the constant battery, Walker was unable to
'
heat

platinum wire -g^th of an inch in diameter, though sixty inches of

T^th of an inch in diameter were made red-hot. But with the same

battery arranged in a different manner, thirty-four inches of the

thicker, and only twenty-seven of the thinner were heated. The size

of the wire heated by a battery depends on the extent of the surface

of the electro-motive elements, the length heated depends on the

number of the series, the quantity of Electricity remaining the same.

This has been verified by Walker, in his experiments with the

constant battery above referred to (Trans. Meet. Soc. p. 69), and is

precisely what theory would lead us to expect. Paraday found (Uce.

Besear. 853, note) that the same quantity of water was decomposed

by a battery, whether half-an-inch or eight inches of red-hot wire

were included in the circuit, and he observes that a fine wire may
even be used as a rough but ready regulator of a voltaic current

;

for if it be made part of the circuit, and the larger wires communi-

cating with it be shifted nearer to, or further apart, so as to keep the

portion of wire in the circuit sensibly at the same temperature, the

current passing through it will be nearly uniform.

(425) Magnetic phenomena.—The influence of magnetism on the

voltaic arc has already been alluded to ; the consideration of the

mutual relations of the magnetic and electrical forces belongs to

another division of our subject, and we only refer to them here for

the purpose of describing some instruments which are much used for

determining the intensity of hydro-electric currents. These instru-

ments are called galvanometers or galvano-multipUers, and are founded

on the important discovery of Oersted, made in the year 1819. The

fundamental fact observed by this philosopher was, that when a

magnetic needle is brought near the connecting medium (whether a

metallic wire, or charcoal, or even saline fluids, of a closed voltaic

circle), it is immediately deflected from its natural position, and

takes up a new one, depending on the relative positions of the needle

and wire. If the connecting medium is placed horizontally over the

needle, that pole of the latter which is nearest to the negative end of

the battery always moves westward ; if it is placed under, the same
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Fig. 184.

pole moves to the east. If the connecting wire is placed parallel

with the needle, that is, brought into the same horizontal plane in

which the needle was moving, then, no motion of the needle in that

plane takes place, but a tendency is exhibited in it to move in a

vertical circle, the pole nearest the negative side of the battery being

depressed when the wire is to

the west of it, and elevated when
it is placed on the eastern side.

If the battery current be sent

above and below the needle at

the same time, but in oppo-

site directions, the deflection is

more powerful, for the current

traversing the wire above the

needle conspires equally with the current passing along the wire

below, to deflect the needle from its natural position, and to bring

it into a new one, nearer to right angles to the plane of the wire.

(426) If, instead of simply passing once over and once \inder the

needle, the conducting wire be caused to make a great number of

convolutions, the deflecting power of the current will be propor-

tionately increased, and an instrument will be obtained by which

very feeble currents may be readily detected. This then is the

principle of the galvanometer, the simplest form of which is shown in

Pig. 184, but to which, to adapt it to the detection of very minute

currents, various forms have been given ; in all the convolutions of

the wire are multiplied, and

the lateral transfer of Elec-

tricity prevented by coating it

with silk or sealing-wax.

Fig. 185 is a vertical section

of the torsion galvanometer of

the late Professor Eitchie.

The following is his descrip-

tion of its construction:

—

"Take a fine copper wire,

and cover it with a thin

coating of sealing-wax, roll it

about a heated cylinder, an

inch or two in diameter, ten,

twenty, and any number of

times, according to the delicacy

of the instrument required.

Press together the opposite

Fig. 185.
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sides of the circular coil till they become parallel, and about an

inch, or an inch and a half long. Fix the coil in a proper sole, and

connect the ends of the wires with two small metallic cups, for

holding each a drop of mercury. Paste a circular slip of paper,

divided into equal parts horizontally, on the upper half of the coil,

and having a black line drawn through its centre, and in the same

direction with the middle of the coil. Fix a small magnet, made of

a common sewing needle, or piece of steel wire, to the lower end of a

fine glass thread, while the upper end is securely fixed with sealing-

wax in the centre of a moveable index, as in the common torsion

balance. The glass thread should be inclosed in a tube of glass,

which fits into a disc of thick plate glass, covering the upper side of

the wooden box containing the coil and magnetic needle." {PMl.

Trans 1830, p. 218.)

(427) The sensibility of this instrument is very much increased

by neutralizing the magnetic influence of the earth, by employing

two needles, which was first done by Professor Gumming of

Cambridge, and afterwards on an improved principle by JSTobili. The

neutralizing needle in his instrument is attached to the principal

one
;
placing them one above another and parallel to eacb other, but

with their poles in opposite directions. They are fixed by being

passed through a straw, suspended from a thread. The distance

between the needles is such as to allow the upper coil of the wires to

pass between them, an opening being purposely left, by the separa-

tion of the wires at the middle of that coil, to allow the middle of

the straw to pass freely through it. A graduated circle on which

the deviation of the needle is measured, is placed over the wire, on

the upper surface of the frame of the instrument, having an aperture

in its centre for the free passage of the needle aiid straw. The whole

of this arrangement will be easily understood, by imagining another

needle to be suspended to the one above the coil in Pig. 185, moving

within the wire, and having its poles turned the reverse of those of

the upper needle. The instrument as thus constructed is called the

astatic needle galvanometer. In NobUi's instrument, the frame was

twenty-two lines long, twelve wide, and six high. The wire was of

copper covered with silk, one-fifth of a line in diameter, and from

twenty-nine to thirty feet in length, making seventy-two revolutions

round the frame. The needles were twenty-two lines long, three

lines wide, a quarter of a line thick, and they were placed on the straw

five lines apart from each other.

(428) The advantages of Kobili's instrument consist in the direc-

tive force, arising from the influence of the earth's magnetism being

nearly balanced, and a double rotatory tendency being given to the
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needles. The lower needle is acted upon by the sum of the forces

of the currents in every part of the coil, and the upper needle is

acted upon by the excess of force in the upper current which is

nearest to it, which force, of course, acts in a direction the reverse

of that in which it acts upon the lower needle, being situated on the

opposite side ; but since the poles are also in a reversed position, the

rotatory tendency becomes the same in both needles. M, Lebailiff

has extended the principle of Nobili's galvanometer, by employing

four needles, two within the coil, having their poles similarly situated,

and one above, and one below, having their poles reversed. He
likewise employs five parallel wires, each sixty feet long for the coil,

instead of one length of three hundred feet; by this means the

current is divided into five parts, and made to flow through five

difierent channels, with the alleged advantage of increasing the

quantity, and diminishing the intensity of the Electricity ; it is not

decided whether this is the case, nor is the advantage of employing

four needles sufficiently obvious.

Eig. 186 represents an elegant modification of Nobili's galva-

Fig. 186. nometer. The bobbin is surrounded with

some two or three thousand turns of very fine

and well-insulated copper wire. The needles

are suspended by a single fibre of bleached

and baked silk. "When the instrument is

not in use the upper needle rests on

a graduated card, from w^hich it is raised

when about to be put in action, by a simple

mechanical contrivance, at the top of the

glass shade. The axis joining the two needles

must be brought exactly in the centre of the

card, which is easily eflected by means of

adjusting screws. The upper needle is brought exactly to zero

of the scale by turning the card, by means of a button, under-

neath the base of the instrument. A good galvanometer should

not make more than two oscillations a minute, and should return

exactly to zero. It is almost needless to say, that the table on which

it stands should contain no iron, and that all iron vessels should be

removed, as far as possible, from its neighbourhood. It is covered

with a glass case, to protect it from currents of air. So exquisite a

test of the presence of minute quantities of Electricity, is a delicate

galvanometer, that, by it, Schoenbein {Pog. Ann. xlv. p. 263) was

able to prove a change in the composition of chloride of cobalt, when

that salt in solution was changed blue by the action of heat.

(429) The following illustration of the increase of the power of



THE GALYANOMETER. 329

the current by employing tlie astatic system, is given by Peschell

{Elements of Physics, vol. iii. p. 107) : Suppose that the multiplier

wire woimd 333 times, then the original cm-rent vpould act on the

Joiver needle with a force of 666, and on the iipper with a force of

333 times, what it would have possessed bad the wire made but a

single circuit
;
adding both together, with a force 999, or 1000 times

as great. Both needles made, with a similar position of their poles,

57 vibrations in a minute, an astatic needle only 9. As the direct-

ing force of the earth's magnetism is proportional to the squares of

these numbers, in the common needle this force will be 3248, and in

the astatic needle 81 ; in the latter therefore it is 40 times less, and

by consequence the electric current acts with 40 times the force

upon it. The deflecting power of the original current will therefore

be increased by this galvanometer 1000 x 40=40,000 times. The

two needles in the astatic galvanometer, should be as similar as pos-

sible, but not of precisely the same magnetic power, a slight degree

of directive force being necessary in the system, otbervrise it would

remain in equilibrium in all azimuths. The frame on which the

wire is wound should not be fixed, but moveable upon an axis, so

that by a simple mechanical contrivance it may be brought into any

required position with respect to the needles.

(430) The sensibility of a galvanometer is judged of by the slow-

ness of the oscillations of its magnetic system ; it may be considered

sufficiently delicate, if they are at the rate of one a minute : but it

not unfrequently happens that either from too strong a current,

being sent through tlie instrument ;—from the contiguity of a mag-

netic bar ;—from the reaction of the magnetism of the two needles
;

or from some difiference in their dimensions, and the quality of the

steel ; the galvanometer after a time loses a portion of its sensibility.

By subjecting the needles to the following treatment, (Matteucci)

the original delicacy of the instrument may be restored, but the

operation requires considerable care and tact, and it is not an un-

usual occurrence, to spend whole days in the arrangement of a galva-

nometer for a course of delicate experiments. The first thing to be

done is to note carefully the duration of an oscillation, then to ascer-

tain which is the weaker of the two needles, for this purpose the

upper one is first removed ; if now the system remain in its position,

it is clear that the needle removed is more feeble than the other
;

if, on the other hand, the needle which remains, returns of itself, it is

evident that the needle taken away was the stronger of the two.

The weak needle is then re-magnetized by passing a small bar magnet
a few times along it from end to end, taking especial care not to

arrest the motion of the bar or to return it on itself: the needle is
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then returned to its place, and the duration of an oscillation of the
system again determined

; if it has become greater, a proof is obtained
that the sensibility of the galvanometer has been increased : should
too much magnetism have been given to the needle, a portion must
be taken away by reversing the motion of the magnetising bar along
it. This is a nice operation and frequently gives a good deal of
trouble.

(431) It is usual for the maker of a galvanometer to mark on the
scale, an indication by which the experimenter is enabled to ascertain

from the direction of the deviation of the needle, the direction of the
current. For this purpose we find marked on the scale two letters

A and B, the same two letters are also marked on the side of the two
extremities of the galvanometer. By a fiirst experiment, the operator

determines once for all, by means of a single electro-motive element,

zinc and copper for instance, to which letter the point of the needle

is carried according as the current enters into the wire of the instru-

ment by the extremity A or B ; of course in the single voltaic pair

the current is from the copper to the zinc.

(432) Before commencing a series of experiments, the marked in-

dications of the galvanometer should be verified, which may easily be
done by plunging the extremities of two wires, platina and copper,

into distilled water, and allowing the current of Electricity thereby

determined to pass through the instrument, the direction of the

current is from the platinum to the copper, through the galvanome-

ter.

(433) In his researches in electro-physiology, M. Dubois Eeymond
employed a galvanometer containing 4560 coils of copper wire, and

he has more recently had an apparatus constructed by M. Sauerwald

of Berlin, with from 25,000 to 30,000 coils ; with this instrument, be

detected the existence of electric currents in nerves and in muscles
;

but to &t it for these delicate investigations, it was necessary to

make corrections for certain irregularities of action, arising from two

causes
;
Jlrst, from the axes of the needles never being rigorously pa-

rallel, in consequence of which the system is never accurately in the

meridian; and second, from the impossibility of obtaining copper

wire absolutely free from iron, the consequence of which is that the

needle never stands exactly at zero. The correction applied by Dubois

Eeymond is an improvement of that origiaally adopted by Nobili, and

consists in placing in the interior of the galvanometer, facing the

zero, a small magnetized fragment -ijV of an inch in length, which com-

pensates the disturbing action as long as the needles are near zero,

but the action of which is null, as soon as they move throiigh a few

degrees.
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(434) The Sine G-alvanometer (Fig. 187), consists of a single

magnetized needle surrounded with a coll which is moveable on its

axis ; it acts on the principle that the intensity of tlie current varies

as the sine of the angle of deflection, and is applicable rather to tlie

determination of the intensity of strong currents, than to the detec-

tion of weak ones. The Fig. 187.

instrument is placed in

the magnetic meridian,

and when the needle is

deflected by the current,

the coil is turned until

it again coincides with

the new direction of the

needle, the exact paral-

lellism of the needle and

coil, being determined with the aid of a lens. The number of degree's

which it was necessary to turn the coil from the zero point to adjust

it to the new position of the needle, is read off on the graduated

scale surrounding the coil. This is the exact measurement of the

angle which the needle forms with the magnetic meridian, and also of

the intensity of the current, by which the needle has been deviated

;

but this is also equal to the horizontal force of terrestrial magnetism,

in virtue of which, the needle tends to return to the magnetic

meridian, and this being equal to the sine of the angle of deflection,

the intensity of the current is of course the same, and its value may
be determined by reference to a table of natural sines.

(435) Professor Callan's sine galvanometer {Phil. Mag. X. S.

vol. vii. p. 73), consists of a mahogany circle 2 feet 4 inches in

diameter, and nearly 2 inches thick, in the circumference of which is

turned a groove | an inch wide and 3|- inches deep ; of seven concen-
tric coils of f of an inch copper wire in the groove, and well insulated

from each other ; of a strong frame in which the circle is moveable
on an axis and always kept in a vertical position ; and of a compass-
box, which, by means of a slide 3 feet long, and at right angles to the
circle at its centre, may be moved in a direction perpendicular to the
circle to the distance of 3 feet from it, so that the centre of the
needle, which is a bar 5i inches long, will always be in the axis of the
coil, and that the line joining the N. and S. points of the compass-
box will be always parallel to the horizontal diameter of the mahogany
circle and coil. Prom this description it is evident that (no matter
where the compass-box is placed on the slide) the needle is parallel

to the mahogany circle and coil, or perpendicular to their axis when-
ever it points to 0°. Hence, if a voltaic current sent through the
coil deflect the needle, and if the cii'cle and coil be turned round so
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as to follow the needle until it points to 0", the needle, no matter
where it may be placed on the slide, will then be parallel to the coil

aiid perpendicular to its axis.

The effective part of the earth's magnetism in impelling the needle

to the magnetic meridian is also exerted in the direction of a perpen-

dicular to the needle or of the axis of the coil, but opposite to that

ia which the magnetic force of the coil acts. Since the needle is

kept at rest by these two forces acting in opposite directions, they

must be equal. But the effective part of the earth's magnetism in

impelling the needle to the magnetic meridian varies as the sine of

the angle which it makes with the meridian ; therefore the magnetic

power of the current flowing through the coil also varies as the sine

of the angle which the needle, when it points to 0°, makes with the

magnetic meridian. If the connection with the battery be broken,

the needle will immediately return to the magnetic meridian. The
graduated circle of the compass-box will give the number of degrees

the needle was deflected from the magnetic meridian. Eor measuring

the angle of deviation, a graduated circle about 13 inches in diameter

ia used ; it is attached to the upper part of the mahogany circle, and

at right angles to it, and to the axis about which it is moveable.

When the current is sent through? coils, the deflection is so great, that

ouly. very feeble currerits can be measured on the sine galvanometer.

When the needle isjn the centre of the coil, this galvanometer, used

as a sine instrument, large as is its diameter, is incapable of measuring

the power of a current produced by a single circle of the cast iron

battery : but by sliding the compass-box and needle 2 or 3 feet from

the coil, a current of very great power can be measured.

(436) The Tangent Galvanometer (Figs. 188 and 1 89) consists of

a large circle or hoop of copper ribbon covered with silk, fixed verti-

Fig. 188,
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cally upon a graduated circle, exactly in the centre of which is placed,

either by suspension by a silk thread, or on a cap resting op a pivot,

a very short but intensely magnetized needle. The hoop is placed

exactly in the magnetic meridian, and when the cm'rent is transmit-

ted through it, the needle deviates, and the force of the current is

proportional to the tangent of the angle of the needle's declination,

whence the name given to the instrument. The needle is provided

transversely with a long light copper needle by means of which the

angle is measured. This instrument is not so sensitive as the sine

galvanometer, but is applicable to currents of very high intensity.

The tangent of the angle of deflection may be learned, without calcu-

lation, by reference to the table of natural tangents. An instrument
called the differential galvanometer has been used for the determina-
tion of the relative force of two currents. It consists of a galvano-

meter with two perfectly similar wires wound round the same frame
;

now, if two currents of precisely the same intensity be sent in oppo-
site directions through these wires the needle will obviously remain
at zero, but if one current be more powerful than the other, the
needle will move, indicating the strongest current, and showing by
the amplitude of the deviation, by how much, the strongest current
exceeds the weakest.

(437) For the detection of currents of small intensity, such as
those produced by thermo-electric action, neither of the galvano-
meters above described is adapted, the length and the thinness of
the wire opposing too great a degree of resistance to the passage
of such feeble forces. The wire for such purposes should make but
few turns round the needle, and should be at least s^-th of an inch
in thickness, or, as Fechner recommends, should consist of a single
strip of copper, and an astatic needle having the freest possible
motion.

(438) A large and very sensible thermoscopic galvanometer was
invented by Dr. Locke, professor of chemistry in the medical college
of Ohio, and by him communicated to the Phil. Mag., in August,
1837. The object proposed by Dr. Locke in the invention o/this
mstrument was to construct a thermoscope so large that its indi-
cations might be conspicuously seen on the lecture-table by a
numerous assembly, and at the same time so delicate as to show
extremely small changes of temperature. How far he succeeded,
wiU appear from the foUowing very popular experiment he was
in the habit of making with it. By means of the warmth of the
finger applied to a single pair of bismuth and copper discs, there
was transmitted a sufficient quantity of Electricity to keep an
eleven-inch needle weighing an ounce and a half, in a continued
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revolution, the connexions and reversals being properly made at

every half turn.

The greater part of this effect was due to the massiveness of the

coil which was made of a copper fillet about fifty feet long, one-fourth

of an inch wide, and one-eighth of an inch thick, weighing between

four and five pounds. This coil was not made in a pile at the diame-

ter of the circle in which the needle revolved, but was spread out,

the several turns lying side by side and covering almost the whole of

that circle above and below. It was wound closely in parallel turns

on a circular piece of board eleven and a half inches in diameter, and

half an inch in thickness, covering the whole of it except two small

opposite segments of about ninety degrees each ; on extracting the

board, a cavity of its own shape was left in which the needle was

placed.

The copper fillet was not covered by silk, or otherwise coated for

insulation, but the several turns of it were separated at their ends by

veneers of wood just so far as to prevent contact throughout. In

the massiveness of the coil this instrument is perhaps peculiar, and

by this means it afibrds a free passage to currents of the most feeble

intensity, enabling them to deflect a very heavy needle. The coU

was supported on a wooden ring furnished with brass feet and

levelling screws, and surrounded by a brass hoop with a flat glass

top or cover, in the centre of which was inserted a brass tube for the

suspension of the needle by a cocoon filament. The needle was the

double astatic one of Nobili, each part being about eleven inches

long, one-fourth wide, and one-fortieth in thickness. The lower part

played within the coil, and the upper one above it, and the thin white

dial placed upon it, thus performing the office of a conspicuous index

underneath the glass. For experiments in which large quantities of

Electricity are concerned, this instrument is quite unfit : but it is

well adapted to show to a class, experiments on radiant heat with

Pictet's conjugate reflectors, in which the differential, or air thermo-

meter, affords to spectators at a distance but ail unsatisfactory

indication. For this purpose the electrical element necessary is

merely a disc of bismuth as large as a shilling soldered to a corre-

sponding one of copper, blackened and erected in the focus of the

reflector, while the conductors pass from each disc to the poles of

the galvanometer. With this arrangement the heat of a non-

luminous ball at the distance of twelve feet will impel the needle

near 180°, and if the connexions and reversals are properly made will

keep it in continued revolution.

(439) We have seen (49) tliat the lightness and flexibility of

gold-leaf have rendered that metal highly valuable to the electrician
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in the construction of instruments for appreciating minute quantities

of statical Electricity. The same material, with the addition of a
magnet, may be arranged so as to form probably one of the most
delicate tests possible, of the existence and direction of a weak
ffalvanic current. A slip of gold leaf is retained in the axis of a
glass tube by a metallic forceps at each end, and a strong horse-

shoe magnet is fixed with its poles on either side of the middle of
the tube ; on causing the electrical current to pass down the gold
leaf it will be attracted or repelled, laterally by the poles of the
magnet, according as the current is ascending or descending. (Cum-
mine's Manual of Electro-dynamics.)

(440) Mr. Sturgeon also describes (Lectures on Galvanism, p. 80)
an instrument in which a single gold leaf is employed, but instead
of a magnet a dry electric pile is used :

" A glass phial has its neck
cut off and is perforated on its two opposite sides, for the intro-
duction of two horizontal wires. These wires are formed into
screws and work in box-wood necks which are firmly cemented to the
bottle, with their centres directly over the perforations. Through
the centre of a wooden cap, cemented to the top of the bottle, passes
a brass wire tapped at its upper extremity for the reception of a
metallic plate, and from its lower extremity hangs a very narrow
slip of gold leaf pointed at its lower end, which reaches just as low
as the inner baUs of the horizontal wires. The bottle stands upon
and is cemented to a boxwood pedestal. Upon t^^o glass pillars
fi.xed to a wooden base is placed horizontally, a dry electric pile,
consisting of about one hundred pairs, or rather single pieces of zinc
with bright and duU surfaces. The poles of this pile are connected
with the two horizontal wires by thin copper wires." The sensibility
of this instrument Mr. Sturgeon states to be very great. A zinc
plate about the size of a sixpence being attached to the upper end of
the axial wii-e, on pressing upon it a similar sized copper plate, the
pendant leaf leans towards the negative baU, and when the copper is
suddenly lifted up, the leaf will strike ; when the plates are reversed
the leaf leans towards, and strikes the positive ball.

(441) Mr. Iremonger describes (Proceedings of the London JElec
tncal Society,) an ingenious galvanometer on hydrostatic principles
" A smaU bar magnet is attached to the bottom of an areometer • this
apparatus bemg so weighted that the ball may float just below the
surface of pure water. Over the proof glass, containing the said
areometer, is passed a De la Eive's ring placed rather below the level
of the lower pole of the magnet. N^w, on passing a voltaic current
through the ring, the magnet and areometer are forced downwards •

but at the same time I accompany this motion by a corresponding
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movement of the ring, by which means the descent of the floating

apparatus is continued till the electro-magnetic forces are in equili-

brium with the upward pressure of the liquid. Now, the pressure of

liquids being simply as their height, the different degrees of any

equally divided scale attached to this instrument, will be of equal

value—no slight advantage. The delicacy of the instrument will

depend on several circumstances, such as the size of the stem of the

areometer, the strength of the magnet, and also on the length of

wire and number of turns in the ring." Mr. Iremonger gives a

detailed account of the method of constructing this instrument, for

which, as it could not be well understood without a drawing, the

reader is referred to his original paper, in the Proceedings of the EUc-

trical Society.
n t

(442) Physiological JEfects of Galvanism.—The action of galvanic

Electricity on the living animal, is the same as that of the common

electric current, account being taken of the intensity of the one, and

the duration of the other. When any part of the body is caused to

form part of the circuit of the voltaic pile, a distinct shock resembling

that of a large electrical battery weakly charged, is experienced every

time the connection with the extremities is made ;
and besides this,

if the pile be a large one, a continued aching pain is frequently felt

as long as the ciirrent is passing through the body, and if the slight-

est excoriation or cut happen to be in the path of the currrent, the

pain is very severe. The intensity of galvanic Electricity is so low

that it requires good conductors for its transmission ;
unless, there-

fore the skin be previously moistened, it will not force its way

thro'u-h the badly conducting cuticle, or outer skin. The most

effectual mode of receiving the whole force of the battery, is to wet

both hands with water, or with a solution of common salt, and to

grasp a silver spoon in each, and then to make the connection

between the poles of the battery. Another method is to plunge both

hands into two separate vessels of water, into which the extremities

of the wires from the battery have been immersed. Yolta has

remarked, that the pain is of a sharper kind on those sensible parts

of the body included in the circuit, which are on the negative side of

the pile- this is particularly remarkable with the water-battery, and

the same has been noticed with regard to the pungency of the com-

mon electrical spark.
, ^i. 4. p

(443) It does not require a voltaic pile to exhibit the effects of

.alvanic Electricity on the animal, whether living or dead The

simple application of a piece of zinc and one of silver to tlie tongue

and lips frequently gives rise, at the moment of the contact of the

meta to the perception of a luminous flash ; but the most certam
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way of obtaining this result, is to press a piece of silver as high as

possible between the upper lip and the gums, and to insert a silver

probe into the nostrUs, while at the same time a piece of zinc is laid

upon the tongue, and then to bring the two metals into contact.

Another mode is
.
to introduce some tin foil within the eyelid, so as

to cover part of the globe of the eye, and place a silver spoon in the
mouth, which must then be made to communicate with the tin foil,

by a- wire of sufacient leugth; or, conversely, the foil may be placed
on the tongue, and the rounded end of a silver probe applied to the
inner corner of the eye, and the contact established as before. This
phenomenon is evidently produced by an impression communicated
to the retina or optic nerve, and is analogous to the effect of a blow
on the eye, which is well known to occasion the sensation of a
bright luminous coruscation, totally independent of the actual pre-
sence of light. In the like manner the flash from galvanism is felt,

whether the eyes are open or closed, or whether the experiment is

made in day light or in the dark. If the pupil of the eye is watched
by another person when this effect is produced, it will be seen to
contract at the moment the metals are brought into contact; a
flash is also perceived the moment the metals are separated from each
other. When different metals are appHed to different parts of the
tongue, and made to touch each other, a peculiar taste is perceived*:
m order that this experiment should succeed, the tongue must be
moist

;
the effect is materially diminished if it be previously wiped, and

cannot be produced at all if the surface be quite dry. The quality of
the metal laid upon the tongue influences the kind of taste which is

communicated
;
the more oxidable metal giving rise to an acid, and the

less oxidable metal to a distinct alkaline taste. Similar differences have
been observed by Berzelius, with regard to the sensations excited in
the tongue, by common Electricity directed in a stream upon that
organ from a pointed conductor; the taste of positive Electricity
being acid, and that of negative Electricity caustic and alkaline.

(444) If the hind legs of a frog be placed upon a glass plate, and
the crural nerve dissected out of one, made to communicate with the
other, it will be found on making occasional contacts with the
remammg crural nerve, that the limbs of the animal wiU be agitated
at each contact. Aldini, the nephew of the original discoverer of
galvanism, produced very powerful muscular contraction, by bringing
a part of a warm-blooded and of a cold-blooded animal into contact
with each other, as the nerve and muscle of a frog, with the bloody
flesh of the neck of a newly decapitated ox, and also by bringing the
nerve of one animal into contact with the muscle of another.

(445) If a crown piece be laid upon a piece of zinc of larger size
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and a living leecli be placed upon the silver coin, it suffers no incon-

venience as long as it remains in contact with the silver only, but the

moment it has stretched itself out and touched the zinc, it suddenly

recoils, as if from a violent shock. An earth worm exhibits the

same kind of sensitiveness. The convulsive movements excited in

the muscles of animals after death, by a povt^erful galvanic battery,

are extremely striking if the power is applied before the muscles

have lost their contractility. Thus, if two wires connected with the

poles of a battery of a hundred pairs of plates are inserted into the

ears of an ox or sheep, when the head is removed from the body of

the animal recently killed, very strong actions will be excited in the

muscles of the face every time the circuit is completed. The con-

vulsions are so general as often to induce a belief that the animal

has been restored to life, and that he is enduring the most cruel

sufferings. The eyes are seen to open and shut spontaneously
;
they

roll in their sockets as if again endued with vision ; the pupils are at

the same time widely dilated; the nostrils vibrate as in the act of

smelling; and the movements of mastication, are imitated by the

jaws. The struggles of the limbs of a horse galvanised soon after it

has been killed, are so powerful as to require the strength of several

persons to restrain them.

(M6) The following account of some experiments made by Dr.

Ure on the body of a recently-executed criminal, will serve to convey

a tolerably accurate idea of the wonderful physiological effects of this

agent, and will be impressive from their conveying the most terrific

expressions of human passion and human agony :

—

"The subject of these experiments was a middle-sized, athletic,

and extremely muscular man, about thirty years of age. He was

suspended from the gallows nearly an hour, and made no convulsive

struggle after he dropped; while a thief, who was executed along

with him, was violently agitated for a long time. He was brought

into the anatomical theatre of our university about ten minutes after

he was cut down. His face had a perfectly natural aspect, being

neither livid, nor tumefied, and there was no dislocation of the neck.

" Dr. Jeffray, the distinguished professor of anatomy, having on

the preceding day requested me to perform the galvanic experiments,

I sent to his theatre the next morning with this view, my minor

voltaic battery, consisting of two hundred and seventy pairs of four-

inch plates, with wires of communication, and pointed metallic rods

with insulating handles, for the more commodious application of the

electric power. About five minutes before the police-oflUcers arrived

with the body, the battery was charged with dilute nitro-sulphuric

acid, which speedily brought it into a state of intense action. Tlie
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dissections were skilfully executed by Mr. Marshall, under the super-

intendence of the professor.

" Eoeperiment 1.—A large incision was made in the nape of the

neck just below the occiput ; the posterior half of the atlas vertebra

was then removed by bone forceps ; when the spinal marrow was

brought into view, a profuse flow of fluid blood gushed from the

woimd, inundating the floor. A considerable incision was at the

same time made in the left hip, through the great gluteal muscle, so

as to bring the sciatic nerve into sight, and a small cut was made in

the heel ; from neither of these did any blood flow. The pointed rod
connected with one end of the battery was now placed in contact

with the spinal marrow, while the other rod was applied to the sciatic

nerve
;
every muscle of the body was immediately agitated with con-

vulsive movements, resembling a violent shuddering from cold. The
left side was most powerfully convulsed. On r-emoving the second
rod from the hip to the heel, the knee being previously bent, the leg

was thrown out with such violence as nearly to overturn one of the
assistants, who in vain attempted to prevent its extension.

" Experiment 2.—The left phrenic nerve was now laid bare at the
outer edge of the sternothyroideus muscle, from three to four inches
above the clavicle ; the cutaneous incision having been made by the
side of the sterno-cleido-mastoideus. Since this nerve is distributed
to the diaphragm, and since it communicates with the heart through
the eighth pair, it was expected by transmitting the galvanic current
along it, that the respiratory process would be renewed. Accord-
ingly a small incision having been made under the cartilage of the
seventh rib, the poinb of the one insulating rod was brought into
contact with the great head of the diaphragm, while the other point
was applied to the phrenic nerve in the neck. This muscle, the
main agent of respiration, was immediately contracted, but with less
force than was expected. Satisfied from ample experience on the
living body, that more powerful eff"ects can be produced by galvanic
excitation, by leaving the extreme communicating rod in close contact
with the parts to be operated on, whHe the electric chain or circuit
is completed by running the end of the wires along the top of the
plates in the last trough of either pole, the other wire being steadHy
immersed in the last cell of the opposite pole, I bad immediate
recourse to this method. The success of it was truly wonderful

;

full, nay, laborious breathing, instantly commenced, the chest heaved
and feU, the belly protruded, and again coUapsed with the relaxing
and retiring diaphragm. This process was continued without inter-
ruption as long as I continued the electric discharges. In the judg-
ment of many scientific friends who witnessed the scene, this respi-

2 z
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ratory experiment was perhaps the most striking ever made with

philosophical apparatus.

" Let it also be remembered, that for full half an hour before this

period, the body had been well nigh drained of its blood, and the

spinal marrow severely lacerated. No pulsation could be perceived,

meanwhile at the heart or wrist ; but it may be supposed that but

for the evacuation of blood, the essential stimulus of that organ, this

phenomenon might also have occurred.

Experiment 3.—The super-orbital nerve was laid bare in the

forehead, as it issues through the supra-ciliary foramen in the eye-

brow ; the one conducting rod being applied to it, and the other to

the heels, most extraordinary grimaces were exhibited every time the

electric discharges were made, by running the wire in my hand over

the edges of the plates in the last trough, from the two hundred and

twentieth to the two hundred and seventieth pair, thus fifty shocks,

each greater than the preceding ones, were given in two seconds.

Every muscle of his countenance was simultaneously thrown into

fearful action
;
rage, horror, despair, and anguish, and ghastly smiles

united their hideous expression in the murderer's face, surpassing far

the wildest representations of a Puseli or a Kean. At this period

several of the spectators were obliged to leave the room from terror

or sickness, and one gentleman fainted.

Experiment 4i.—The last galvanic experiment consisted in trans-

mitting the electric power from the spinal marrow to the ulnar nerve,

as it passes by the internal condyle at the elbow ; the fingers now

moved nimbly, like those of a violin performer: an assistant, who

tried to close the fist, found the hand to open forcibly in spite of his

efforts. "When one rod was applied to a slight incision on the top of

the forefinger, the first being previously clenched, the fingers extended

instantly, and from the convulsive agitation of the arm, he seemed

to point to the different spectators, some of whom thought he had

come to life. About an hour was spent in these operations."

(447) In these' experiments the positive wire was always applied

to the nerve, and the negative to the muscles ; that this is important,

will appear from the following facts :

—

Let the posterior nerve of a frog be prepared for electrization,

and let it remain till its voltaic susceptibility is considerably blunted,

the crural nerves being connected with a detached portion of the

spine
;
plunge the limbs into one glass full of water, and the crural

nerves, &c. into another glass ; then take a rod of zinc in one hand,

and a silver tea-spoon in the other, pluuge the former into the water

of the limbs' glass, and the latter into the water of the nerves' glass,

without touching the frog itself, and gently strike the dry parts of
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the metals together ; feeble convulsive movements or mere twitching

of the fibres will be perceived at each contact ; reverse now the

position of the metal rods, and on renewing the contact between

them, very lively convulsions will take place, and if the limbs are

skilfully disposed in a narrow conical glass, they will probably spring

out to some distance. Or, let an assistant seize in his moistened left

hand the spine and nervous cords of the prepared frog, and in his

right a silver rod, and let another person lay hold of one of the limbs

with his right hand, and a zinc rod in the moist fingers of the left

;

on making the contact, feeble convulsive twitching will be perceived

as before ; now let the metals be reversed ; on renewing the contact,

lively movements will take place, which become very conspicuous ; if

one limb be held nearly horizontal, while the other hangs freely down,
at each touch of the voltaic pair, the drooping limb will start up and
strike the hand of the experimenter.

Hence, for the purposes of resuscitating the dormant irritability of

the nerves, as Dr. Ure remarks, or the contractility of their subordi-

nate muscles, the positive pole must be applied to the former and
the negative to the latter.

(448) Some interesting researches, on the relation between voltaic

Electricity and the Phenomena of Life, were published in the Philo-

sophical Transactions by Dr. Wilson Philip.

In his earlier researches, he endeavoured to prove that the circula-

tion of the blood, and the action of the involuntary muscles, are in-

dependent of the nervous influence. In a paper, read in January,
1816, he showed the immediate dependence of the secretory function
on the nervous influence. The eighth pair of nerves distributed to
the stomach, and subservient to digestion, were divided by incisions
in the necks of several rabbits

; after the operation, the parsley which
they ate remained without alteration in their stomachs, and the ani-
mals, after evincing much difficulty in breathing, appeared to die of
suffocation. But when in other rabbits similarly treated, the galva-
nic power was distributed along the nerve below its section, to a disc
of silver placed closely in contact with the skin of the animal oppo-
site to ita^ stomach, no difficulty of breathing occurred. The voltaic
action being kept up for twenty-sis hours, the rabbits were then
killed, and the parsley was found in as perfectly digested a state as
that in healthy rabbits fed at the same time ; and their stomachs
evolved the smell peculiar to that of rabbits during digestion. These
experiments were several times repeated with similar results.

Thus a remarkable analogy is shown to exist between the galvanic
energy and the nervous influence, the former of which may be made

L
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to supply the place of the latter, so that while under it, the stomach,

otherwise inactive, digests food as usual.

(449) Dr. Philip was next led to try galvanism as a remedy in

asthma. By transmitting its influence from the nape of the neck to

the pit of the stomach, he gave decided relief in every one of twenty-

two cases, of which four were in private practice, and eighteen in the

Worcester infirmary. The power employed varied from ten to

twenty-five pairs.

(450) These results of Dr. Philip have since been confirmed by Dr.

Clarke Abel, of Brighton (Journ. Sc. ix.) : this gentleman employed,

in one of his re])etitions of the experiments, a comparatively small,

and in the other a considerable, power. In the former, although the

galvanism was not of suf&cient power to occasion evident digestion

of the food, yet the efi'orts to vomit and the difficulty of breathiug,

(constant effects of dividing the eighth pair of nerves,) were prevented

by it. The symptoms recurred when it was discontinued, but

vanished on its re-application. " The respiration of the animal," he

observes, "continued quite free during the experiment, except when

the disengagement of the nerves from the tin foil, rendered a short

suspension of the galvanism necessary, during their re-adjustment.

The non-galvanized rabbit wheezed audibly, and made frequent

attempts to vomit. In the latter experiment, in which greater

power of galvanism was employed, digestion went on, as in Dr.

Philip's experiments."

(451) It had been suggested by an eminent French physiologist,

M. Gallois, that the motion of the heart depends entirely upon the

spinal marrow, and immediately ceases when the spinal marrow is re-

moved or destroyed. But Dr. Philip rendered rabbits insensible by a

blow on the occiput, the spinal marrow and brain were then removed

and the respiration kept up by artificial means ; the motion of the

heart and circulation were carried on as usual. When spirit of wine

or opium was applied to the spinal marrow or brain, the rate of cir-

culation was accelerated. These experiments appear to confute the

notion of M. GaUois.

(452) The general inferences deduced by Dr. Philip from his

numerous experiments are, that Voltaic Electricity is capable of

effecting the formation of the secreted fluids when applied to the

blood, in the same way in which the nervous influence is applied to

it ; and that it is capable of occasioning an evolution of caloric from

arterial blood, when the lungs are deprived of the uen^oua influence,

by which their function is impeded, and even destroyed ;
when diges-

tion is interrupted by withdrawing this influence from the stomach.
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tliese two vital functions are renewed by exposing them to the influ-

ence of a galvanic trough. " Hence," says he, " galvanism seems

capable of performing all the functions of the nervous influence, in

the economy : but obviously, it cannot excite the functions of animal

life, unless wheii acting on parts endowed with the vital principle.''

Application of Galvanic Electricity to the treatment of diseases.

(453) The following observations on this subject occur in the

Cyclopcedia of Practical Medicine, from the pen of Dr. Apjohn:

—

" There are several diseases incident to the human frame, in which

the application of galvanism by the hand of a skilful physician, may be,

and indeed has been, attended with happy results. In asphyxia, for

instance, whether proceeding from strangulation, drowning, narcotic

poisons, the inhalation of noxious gases, or simple concussion of the

cerebral system, it has been applied with success. In all these cases,

the interrupted current—that is, a succession of shocks—should be

resorted to ; the battery should be pretty powerful, and care should

be taken that the Electricity be as much as possible confined to the

nerves, and that it be sent along them in the direction of their rami-

fications. M. Groudret was the first who proposed galvanism in cases

of asphyxia produced by concussion of the brain ; he experimented
on rabbits, which were to all appearance killed by a few violent blows

mflicted upon the back of the head, and succeeded in recovering

them perfectly by a succession of shocks continued for half an hour
from a battery of thirty couples, and transmitted between the eyes,

nose, and meatus auditorius externus on the one hand, and different

parts of the spine of the animal on the other. The same experiments

have been repeated by Majendie, Apjohn, and others with perfect

success, and the former states that he has recovered rabbits as-

phyxiated by submersion in water for more than a quarter of an
hour.

In paralytic affections also, which are of a purely functional

character, or which do not depend upon organic diseases of the

nervous system, or pressure exercised on any part of it, the agency
of the pile can be rationally resorted to by the medical practitioner.-

Under this head may be ranged general or local paralysis, arising

from exposure to cold, palsy of the wrists from the absorption of lead,

and many varieties of deafness and amaurosis. In all these cases, as

the nerves are to be stimulated to increased action, an interrupted

current must be employed. In cases of deafness, to submit the
auditory nerve to galvanic action, it is sufficient to introduce a wire
connected with one of the poles of a battery into the affected ear,

I
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I

and the other wire into the opposite ear, the circuit then being

rapidly broken and completed by an assistant.

(454) In amaurosis, the galvanic shock may be transmitted at

pleasure through the baU of the eye, so as to traverse the retina, or

be confined to those twigs of the first branch of the fifth pair of

nerves, which ramify on the forehead above the orbit, and upon the

state of which alone Majendie has shown that gutta sereua often

depends. In aplionia, the circuit may be completed through the

organs chiefly concerned in the production of the voice, by placing a

shilling upon the tongue and touching it with the negative wire of a

battery whose other pole is alternately brought into connexion with,

and separated from, different parts of the external larynx.

(455) The following case of a cure of an epileptic patient by

galvanic treatment is related by Dr. Pearson {Revue Medicale, vol. iii.

p. 333) . The cuticle having been removed by a blister from the back

of the neck and inner side of one knee, those parts were covered with

bits of moistened sponge, upon which slips of linen were laid, and

over all, discs of silver and copper, the former metal being applied to

the neck, the latter to the knee. The discs were then connected by

a copper wire and enclosed in a pouch composed of chamois leather,

so as to be insulated from adjacent parts. This apparatus having

been applied for six months, the case was cured. It was found to

continue in action for ten or twelve hours, after which it became

necessary to clean the plates and renew the pledgets of sponge and

linen.

(456) Galvanism, in the form of the continued current, has also

been strongly recommended by Dr. "Wilson Philip for the treatment

of what he deiiominates Jiabitual asthma. His method is to apply a

disc of silver to the nape of the neck, and another to the epigastric

region, and then press the positive wire of a galvanic trough, con-

sisting of from 8 to 16 pairs of 4 inch plates charged with very dilute

muriatic acid, against the former, and the negative wire against the

latter : relief usually occurs in from five to fifteen minutes.

Another application of the galvanic pile is to the coagulating the

blood within an aneurismal tumour ; this is founded on the discovery

of Brande, that " when the wires attached to the extremities of the

trough are introduced into any animal fluid containing albumen, the

latter principle separates at the positive pole in a coagulated state."

A case in which a perfect cure of an aneurism of the temporal artery

was eflected by galvanism, is related by M. Petrequin (Comptes

Bendus, JN'ov. 8, 1845). Two needles were thrust into the tumour,

and the power employed was gradually augmented up to 50 pairs.

At the end of 12 minutes the throbbing had entirely ceased, and the
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aneurism /with isochronous pulsations was replaced by a solid and
indurated tumour.

(457) Galvanism has also been applied by M. Pravaz (Revue

Medicals, December 1830,) as an escharotic to wounds caused by the

bites of rabid animals. He details several cases in which this

practice was successful, in one of whicb the cauterization was not

resorted to until 54 hours after the reception of the bite. The
battery he used was of low power, consisting of only two troughs,

containing between them but fifty pairs of electromotors. The eschar

was usually detached on the eleventh day, and the cicatrization com-
pleted on the seventeenth.

(458) A very curious application of the pile was suggested by
Prevost and Dumas (Journal de Physiologic, torn, iii, p. 207).

Eeflecting on its powers of decomposition, it occurred to them that

it might be successfully employed for breaking down the materials

which compose urinary calculi, and that thus the necessity for one of
the most formidable of surgical operations would be obviated. Their
idea in fact was to introduce into the bladder a oanula containing two
platina wires carefully insulated from each other, and whose internal

ends should be brought in contact with tbe stone, while their

external extremities were put in connexion vsdth the poles of a
powerful battery. Upon the established principles of electro-chemis-

try, they expected that it would be resolved into its acids and bases,

the former assembling at the positive, the latter at the negative pole,

and that in this way its gradual disintegration would be eifected. A
preliminary experiment made upon a fusible calculus, placed in a
basin of water, and a second upon a stone of the same kind, intro-

duced into the bladder of a dog previously injected with tepid water
gave encouraging results. The former submitted for 8 hours to the
action of a battery composed of 120 pairs, was reduced from 92 to 80
grams, and in 8 additional hours was so disintegrated as to break
into small crystalline fragments upon the application of the slightest
pressure. The latter underwent similar changes, and they found
that no irritating effect whatever was produced upon the bladder,
however powerful the battery which they employed. The manipula-
tions are however exceedingly difficult, as may easily be imagined,
and the proposal has not hitherto been acted on.

(459) For the medical application of voltaic Electricity, the old
Crmkshank trough may be employed; the exciting agent being
dilute sulphuric acid. The mode of application may diflfer in diffe-

rent cases
;
when it is to be applied on the surface, tbe current may

be transmitted through the medium of sponges ; or, what is perhaps
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more convenient, by means of saddles of ttin sheet copper covered
with thick flannel, and saturated with brine, the surface of the skm
being also well moistened with salt and water. It is sometimes, how-
ever, desirable to act on parts deeply seated below the surface ; in
such cases, the following method of M. Sarlandiere may be adopted:
Needles of steel or platinum are introduced, as in the process of

acupuncturation, the needles being connected respectively with the
two opposite ends or poles of the battery. Becquerel considers this

to be the most eflacacious mode of applying Electricity, since it

permits the operator to act directly on the diseased part. Several

ingenious " electro-voltaic" batteries for physiological purposes have
recently been invented. Pulvermacher's modification of the pile

consists of a chain formed of a series of gilded copper and zinc wires

wound closely' together round pieces of porous wood ; to excite it,

the wood is immersed in vinegar, a sufficient quantity of which is

absorbed to act on the zinc, the elements of the chain are connected

by small metallic hooks ; 100 links give a pretty strong shock.

Stringfellow's patent pocket battery is an elegant, and, for its size, a

surprisingly powerful arrangement. Each element consists of a

strip of zinc about 2^ inches long, round which is wound, as closely

as possible, but not in absolute metallic contact, a coil of flattened

copper wire forming 30 convolutions. A series of six of these

elements when excited with weak acetic acid gives distinct shocks, and

decomposes unacidulated water. A set of 22 gives a brilliant spark

between graphite points, decomposes unacidulated water briskly, and

gives pretty smart shocks ; and the power is scarcely impaired,

after half an hour's action ; the battery is charged by drawing a

small piece of sponge, moistened with distilled vinegar, (one part

acetic acid to seven parts of water) several times down the centre on

both sides of each fold ; it is then replaced in its case, not longer

than a common card-case, and the current applied to any part of the

body by means of two small metallic discs attached to either pole of

the battery by elastic cords.

(460) It was first noticed by Marianini that the force of the

shock difiiers considerably according as the current goes in one direc-

tion or another
;
thus, if a person grasp two conductors connected

with the poles of an extensive voltaic battery in vigorous action, he

will experience a much more powerful muscular contraction in the

arm which is in communication with the negative, than in that

connected with the positive end ; so also, if the current be passed

down the arm from the shoulder to the hand, the latter being im-

mersed in a basin of salt water, a powerful contraction is experienced ;
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if however, the current be passed from the hand to the shoulder, the

contractions are much less violent, and the difference is observed

most strikingly in paralytic patients.

(461) The following explanation of these differences is offered by

Marianini :—The action of Electricity on the muscles and nerves

produces two distinct kinds of contractions ; the first, which he

calls idiopathic, is the result of the immediate action of the

current on the muscles; and the second, which he calls sym-

pathetic, arises from the action of Electricity on the nerves which

preside over the motions of the muscles. Now, idiopathic con-

tractions are necessarily produced in whatever direction the

current of Electricity passes ; but the occurrence of sympathetic

contractions must be governed by the direction of the passing current

—they can only take place when the Electricity is transmitted in

the direction of the ramification of the nervos ; the shocks then,

experienced when the current is transmitted from the slioulder to

the hand, are more powerful than those passed in the reverse direc-

tion, because in the former case the Electricity is transmitted in the

direction of the ramifications of the nerves, and in the latter in the

contrary direction. These facts, which the researches of Matteucci

confirm and illustrate in a satisfactory manner, will serve as a

valuable guide to the Electrician in his treatment of cases of paralysis

by this form of Electricity.

(462) Majendie and Grrapengresser have paid much attention to

the curative effects of galvanism in amaurosis and deafness ; the same

observations, which we made above, respecting the care and ana-

tomical knowledge requisite far treating such diseases by frictional

Electricity, apply also here, and perhaps even with greater force.

Majendie's usual plan was to employ acupuncturation, making the

electrical current act directly on the nerves of the orbit of the eye

;

and in this way he accomplished some remarkable cures. Grrapen-

gresser proceeded in a different manner. He . introduced into the

nose a silver probe connected with the positive end of the battery,

and touched the region of the frontal nerve, previously well moistened,

with a wire connected with the negative end. In cases of deafness,

he used two silver wire conductors, each bent at one end, exactly in

the direction of the meatus auditorius, and terminating in a small

knob exactly fitting the auditory canal, which was covered with linen

and moistened. The current i-unning through the nerves with great

rapidity, is communicated to the auditory nerve, and generally occa-

sions the sensation either of a loud noise or of a tinkling sound. A
feeble power must be employed in these cases, and be continued for

only a few minutes at a time ; as a general rule, the operator should
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in all cases commence with a weak battery, gradually increasing its

strength as the case progresses : in cases of paralysis, the battery
power required frequently rises to 100 pairs.

(463) The observation was made long since by Humboldt, that a
a very weak galvanic power was capable of exercising a remarkable
influence on the secretions from wounds ; he found that when a
simple arc was applied to a blistered surface, the part exposed to the
most oxidable metal was more irritated than that to which the
negative plate was applied. Dr. Grolding Bird has made an ingenious
application of this singular fact to the production puriginous sores,

in the place of the issue and seton. His plan is the following T By
means of small blisters he raises the skin by effused serum, and
having snipped it, he applies to the blister from which a permanent
discharge is required a piece of zinc foil, and.to the other a piece of

silver, the two metals being connected by a wire, and covered with
a common water dressing and oiled silk, • On raising the zinc-plate

after a few hours, the surface of the skin underneath will have
assumed a white appearance, as if it had been rubbed with nitrate of

silver
: iu forty-eight hours a decided eschar will appear, which, still

keeping on the plates, will, at the end of a few days, begin to

separate at the edges. The plates may then be removed ; the surface

where the silver was applied will be found to be completely healed.

A common poultice may then be applied to the part, and a healthy

granulating sore, with well-defined edges, freely discharging pus, will

be left. During the whole process, if the patient complains of pain

at all, it w'ill always be referred to the silver plate, where, in fact,

the blister is rapidly healing; and not the slightest complaint will

be made of the zinc-plate, where the slough is as rapidly forming.

(464) Dr. Bird is of opinion, that in this method of forming a

sore the escTiarotic action is that of the cliloride of zinc, which is

produced by the chlorine set free, by the galvanic action from the

chloride of sodium constituting the saline ingredient of the fluid,

efiused on the surfaces of the blisters; and, in illustration of the

truth of his theory, he instances the following experiment made by

Dr. Babington : The doctor took two slices of muscular flesh, and

placed one between two plates of glass, and the other between plates

of copper and zinc, binding them together with wire. In the course

of a few days, the weather being warm, the flesh between the glasses

began to putrefy, and soon afterwards was full of maggots; while

that between the metallic plates remained free from putrescency. A
remarkable change had, however, occurred ; for on taking off the

plates the side opposite the zinc-plate was hard, as if it had been

artificially dried ; while that opposed to the copper had become
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covered with a transparent substance resembling jelly ; in fact,

observes Dr. Bird, the result of the experiment evidently was, that

the chloride of sodium existing in the flesh had been decomposed,

the zinc had been acted upon, and a dry, hard compound of chloride

of zinc and albumen formed on one side of the piece, whilst the soda

set free on the other side had become converted into albuminate of
soda, in the form of a gelatinous mass.
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CHAPTEE IX.

EFFECTS OF THE HTDEO-ELECTHIC CUEEENT.

(COKTINUED.)

Chemical Phenomena.

(465) Before entering upon this interesting branch of our subject,

it will be necessary that we describe the new terms introduced by

Faraday, and state his reasons for adopting them. According to the

views of this philosopher {JExperimental Besearelies, 518, 524), elec-

tro-chemical decomposition is occasioned by an internal corpuscular

action, exerted according to the direction of the electric current, and

is due to a force either superadded to, or giving a direction to, the

ordinary chemical affinities of the bodies present. He conceives the

effects to arise from forces which are internal, relative to the matter

under decomposition, and not external, as they might be considered

if directly dependent, upon the poles. He supposes that the effects

are due to a modification, by the electric current, of the chemical

affinity of the particles through, or by which, that current is passing,

giving them the power of acting more forcibly in one direction than

in another, and consequently making them travel by a series of suc-

cessive decompositions and recompositions in opposite directions,

and, finally, causing their expulsion or exclusion at the boundaries

of the body under decomposition, in the direction of the current,

and that, in larger or smaller quantities, according as the current is

more or less powerful.

Fig. 190. Thus, in Fig. 190, the particles

a a could not be transferred, or

travel from one pole N, towards the

other P, unless they found particles

^^S- 191- of the opposite kind, h b, ready to

pass in the opposite direction ; for

it is by virtue of their increased

affinity for those particles, combined

with their diminished affinity for such as are behind them in their

course, that they are urged forward ; and when any one particle a,
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Pig. 191, arrives at the pole, it is excluded or set free, because the

particle b of the opposite kind, with which it was the moment before

in combination, has, under the super-inducing influence of the current,

a greater attraction for the particle which is before it in its course,

tlian for the particle a, towards which its affinity has been weakened :

a may be conceived to be expelled from the compound a b, by the

superior attraction of a' for h, that superior attraction belonging to

it in consequence of the relative position of a' h and a, to the direction

of the axis of electric power superinduced by the current. The
electric current is looked upon by Faraday as an axis ofpower, having

contrary forces, exactly equal in amount, m contrary directions.

(466) According to Earaday's views {Experimental ResearcJies,

518, 52l!), then, the determining force is not at the so called poles

of the voltaic battery, but within the body under decomposition : to

avoid, therefore, confusion and circumlocution, and for the sake of

greater precision of expression, he framed the following new terms,

some of which have since been generally adopted :
—

Wbat are called the poles of the voltaic battery are merely the

surfaces or doors by which the Electricity enters into, or passes out

of, the substance sufiering decomposition
;
Earaday hence proposes

for them the term electrodes, from ^Xsxr^ov and odog a way, meaning
thereby, the substance, or surface, whether of air, water, metal, or

any other substance, which serves to convey an electric current into,

and from, the decomposing matter, and which bounds its extent in

that direction.

(467) The surfaces at which the electric current enters and leaves

a decomposing body, he calls the anode and the cathode ; from ava,

upwards, and ddbi a way,'

—

the way which the sufi rises ; and xara
downwards, and odhg a way,

—

the way which the sun sets. The idea being
taken from the earth, the magnetism of which is supposed to be due
to electric currents, passing round it in a constant direction from
east to west,—if, therefore, the decomposing body be considered aa

placed so that the current passing through it shall be in the same
direction, and parallel to that supposed to exist in the earth, then
the surfaces at which the Electricity is passing into, and out of, the
substance, would have an invariable reference, and exhibit constantly
the same relations of powers. The anode is, therefore, that surface

at which the electric current enters : it is the negative extremity of
the decomposing body; is where oxygen, chlorine, acids, &c., are
evolved; and is against or opposite the positive electrode. The
cathode is that surface at which the current leaves the decomposing
body, and is its positive extremity : the combustible bodies, metals,

alkalies, and bases, are evolved there, and it is in contact with the
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negative electrode. Thus, in Fig. 192, if we suppose a current of

Electricity traversing a wire in the direction of the darts, and enter-

ing at E, then, on separating

the wires at p, p' jp" would

become its electrodes: p
would be the anelectrode or

emitting electrode, andj?" the

17 ' cathelectrode, or receiving

electrode ; E being the wire connected with the last active copper

plate, and "W the wire connected with the last active zinc plate of a

battery ; and if we suppose the chain of small circles to represent

the fluid under decomposition, A will be its anode and C its cathode.

(468) Compounds directly decomposable by the electric current

are called electrolytes, from rtXinr^ov and X6w to set free,—to electro-

lyze a body is to decompose it electro-chemically : the elements of

an electrolyte are termed ions, from }chv, participle of the verb £/>/, to

go ; anions are the ions which make their appearance at the anode,

and were formerly termed the electro-negative elements of the com-

pound, and cations are the ions which make their appearance at the

cathode, and were termed the electro-positive elements. Thus,

chloride of lead is an electrolyte, and when electrolyzed evolves two

ions, chlorine and lead, the former being an anion, and the latter a

cation : water is an electrolyte, evolving likewise two ions, of which

oxygen is the anion, and hydrogen the cation : mxiriatic acid is like-

wise electrolytical, boracic acid, on the other hand, is not.

(469) Mr. DanieE proposes further to distinguish the doors by

which the current enters and departs, by the terms . zincode and

platinode, the former being the plate which occupies the position of

the generating plate in the battery, and the latter of the conducting

plate ; when water is decomposed, therefore the last particle of

oxygen gives up its charge to the zincode, and the last particle of

hydrogen gives up its charge to. the platinode, each passing ofi" in its

own elastic form.

(470) Eechner, a distinguished champion of the contact theory (323)

,

assumes that the elements of an electrolyte are in opposite electrical

conditions, as the result of their contact, the same process being car-

ried on between them as between two electromotors when brought into

contact : before, therefore, the separation of the elements can take

place by the electric current, the attractive force of the positive pole

on the negative particle must exceed the force by which it is united

to the positive particle ; a separation being thus eflected, and the

positive particle being repelled, it combines momentarily with the

negative particle of the second link in the chain of electrolytes, which
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is itself attracted towards the positive pole, but the overpowering

action of which quickly again separates it, and thus the influence is

regularly transmitted, through the entire stratum of the electrolyte

lying between the poles. The same influence which is assumed to

emanate from the positive, proceeds also from the negative pole, but

it acts on the elements in the contrary direction. In this theory,

electrolysis is maiutained by the simultaneous and corresponding

action of both poles, and the elements of the electrolyte are them-

selves, from their contact, exciters of Electricity.

(471) The chemical power of the voltaic pile was discovered and

described by Messrs. Nicholson and Carlisle, in the year 1800.

"Water was the first substance decomposed. In 1806, Davy com-

municated to the Eoyal Society his celebrated lecture " on some
chemical agencies of Electricity," and in 1807, he announced the

grand discovery of the decomposition of the fixed alkalies. The years

from 1831 to 1840 are marked in science by the publication of the

masterly researches of Earaday, in which, much that was before unin-

telligible, has not only been explained and enlightened, but a new
character has been stamped on electrical, as connected vrith chemical,

science. Of these remarkable essays, it has been said, that in point

of originality of talent and perspicuity, they rank among the first

efforts of philosophy of the age, if indeed they do not surpass all

others.

(472) When water and certaia saline solutions are made part of

the electric circuit, so that a current of Electricity may pass through
them, they are decomposed, that is, they yield up their elements in

obedience to certain laws. "Water is resolved into oxygen and
hydrogen gases, and the acid" and alkaline matters of the neutral

salts, which it holds in solution, are separated, not in an indiscrimi-

nate manner, but the oxygen and acids are always developed at the
anode, and the hydrogen and alkaline bases are given off at the
cathode. K pure water be submitted to the action of the current,
it is decomposed with great difficulty, in consequence of its bad con-
ducting power. A greatly increased conducting power is, however,
given to it by the addition of salts, and particularly by sulphuric
acid, though that compound is not itself capable of electrolysis. One
essential condition of electrolysis is liquidity : and the current of a
powerful battery will be completely stopped by a film of ice, not
more than one-sixteenth of an inch in thickness.* To decompose
acidulated water, it may be confined in a glass tube, sealed hermeti-
cally at one extremity, and made part of the electrical circuit by

* Faraday's Experimental Researches, 381, et seq.

A A
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meaus of gold or platinum wires, or arranged as in Fig. 193, the

Fig. 193. wires being about a quarter of an ineb apart.

"When the tube is about half full of the mixed

gases, if a spark from the electrophorus (Fig.

20) be passed between the wires, an explosion

will take place ; and if care be taken to prevent

any escape, by the expansion, the tube will be

re-filled with water, that fluid having been re-

produced by the explosion. If two glass re-

ceiving tubes be employed, one over either elec-

trode, gas will be collected in each ; but that in the

tube over the catbode will be rather more than

double in volume that over tbe anode, tbe former being hydrogen and

the latter oxygen. Now the hydrogen and oxygen gases are to each

other in water exactly as two to one, by volume : and the reason they

do not appear preciselyin this proportion inthe electrolysis of that fluid,

is because oxygen is partially soluble. By referring to Fig. 191 it will

be immediately seen bow it is that there is no visible transfer of the

oxygen and hydrogen : if the electrodes were several inches apart,

there would be no appearance of decomposition between them ;
the

oxygen a', of tbe atom of water d b' , under the superinducing in-

fluence of the current, is transferred to the hydrogen h of the second

atom of water ah: the oxygen of this second atom is in like manner

transferred to tbe hydrogen of a third, and so on till the electi'ode P

is arrived at, against which the oxygen of tbe last particle is evolved,

baving nothing to combine with.

Fig. 194. (473) Take a syphon-shaped tube, and placing

its bent part in a wine glass for support (Fig. 194),

or on any convenient stand, fill it with the blue in-

fusion of red cabbage ; then put a few crystals of

some known salt, sucb as sulphate of soda, into the

tube, and electrize tbe solution. In a short time the

liquid nearest the cathode of the battery will be-

come green, indicating the presence of free allvali

;

and tbe liquid nearest the anode will become red,

showing that an acid is present : reverse the du-ection of the current,

and the colours wiU also gradually be reversed. Thus, sulphate of

soda is an electrolyte, the anion of whicb is sulphuric acid and the

cation soda ; and in all salts decomposable by the voltaic current, the

acid passes to tbe anode and the base to tbe cathode.

(474) If two glasses be taken, botb being filled Avith the blue

infusion, holding in solution sulphate of soda, and an inverted glass

tube, in 'which two platinum wii-es are sealed, be immersed in each.
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as shown in Fig. 195, and the two glasses

connected together by a glass syphon filled ^

with the liquid ; on electrizing the solution, U

it will be found that, notwithstanding they

are in separate vessels, the blue liquor will,

as before, be turned red and green ; and if

the experiment be continued su£S.ciently long,

the alkali of the salt will be found to have

passed from P to N, and the acid from IST to

P, the acid and alkali appearing to traverse

the syphon in opposite directions. It was

hence inferred, that tmder tJie influence of

electrical attraction, the tisual chemical affinities are sxispended ; but

the same explanation which accounted for the phenomenon of the

decomposition of water, will serve here : a line of particles of sulphate

of soda extend from one electrode to the other ; and it is by a

series of decompositions and recompositions that the effect is pro-

duced.

(475) In various experiments of decomposition, the little form of

apparatus of which Pig. 196 is a sketch,

will be found exceedingly useful. It is a

cell of plate glass, made by cementing

five pieces together with transparent

varnish, and supporting them upon a

wooden foot, in which they are fastened.

The cell is about five or six inches long,

and an inch broad, and may be divided into two parts by the

insertion of the temporary diaphragm a, which is a small frame

of cane with muslin stretched over it. "When this is in its place,

a separate electrode may be introduced on each side of it; they
may most conveniently consist of two pieces of thin platinum foil,

about four inches long and half an inch broad.

To show the evolution of chlorine at the anode or positive pole, fill

the glass cell with weak salt and water, acidulated with muriatic acid,

and coloured blue by a few drops of the sulphuric solution of indigo
;

then introduce the electrodes. In a few minutes the anodic division

will be found to lose colour, and will finally become colourless, owing
to the separation of chloriae, which by its bleaching powers destroys
the blue of the indigo.

The presence of uncombined iodine may be demonstrated, by filling

the cell with a weak solution of sta/rc\ to which a little common salt

and iodide of potassium have been added
;
then, on passing the electric

current through the liquid, the iodine will show itself at tho anode by
A A 2

Fig. 195.
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a beautifnl blue colour, it being the property of this singular substance

to strike a fine deep blue colour with starch.

(476) Fill the cell with a solution of salt to which a few drops of

yellow prussiate of potash have been added ; introduce into each

division a plate of iron as an electrode ; the production of a deep blue

colour in the anodic division while the liquid in the cathodic com-

partment remains colourless, will prove the oxidation and solution of

iron at the anode, and the absence of all action at the cathode. In

the like manner, pieces of silver and copper, both of which, under

ordinary circumstances, are readily attacked by dilute nitric acid, may

be made to resist the oxidizing power of that acid by making them

the cathelectrodes of a battery. The experiment with copper may be

made thus : immerse a strip of the metal for a few minutes in the acid

;

then remove it, and add a slight excess of ammonia ; the production

of a fine blue colour will announce the presence of copper in solution

;

now connect the strip of copper metallically with a similar strip of

zinc, and immerse the pair in the acid ; no blue colour will follow the

introduction of ammonia into the acid as before, showing the pro-

tecting action of the zinc, the more oxidizable metal. This principle

has received an important practical application, in the manufacture of

which is called galvanized iron.

(477) The electro-reduction of the alkaline metals originally accom-

plished by Davy, with a battery of 100 pairs of six-inch copper and

zinc plates, may be eifected with a series of eight or ten ceUs of the

nitric acid arrangement in the follovraig manner : scoop out a cavity

in a piece of pure moistened caustic potash or soda, and fill it with

mercury : lay the alkali on a strip of platinum foil connected with the

positive pole of the battery, and introduce into the mercury a platinum

wire in contact with the negative pole, an amalgam of mercury and

potassium or sodium will speedily be formed. In like manner, the

ammoniacal amalgam may be formed by pouring a little mercury into

a hole scooped in a lump of sal ammoniac and connecting the mercury

with the negative, and the moistened sal ammoniac with the positive

pole. This is a very striking experiment, the globule of mercury gra-

dually increasing in size until it extends far beyond the cavity which

first contained it, and the amalgam is produced more readily and

copiously, if the mercury be previously combined with a small quantity

of potassium or sodium.

(478) By means of the little apparatus shown in Fig. 197, Golding

Bird {Pliil. Trans. 1837) {Nat. Fhilosophy,^. 372,) obtained amalgams

of potassium, sodium, and ammonium, with the feeble current from a

single DanieU's pair.

A glass cylinder, d, 1'5 inch in diameter and 4 inches in length, is
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Pig. 197.

closed at one end by means of a plug of plaster of Paris 07 inch in

thickness ; the cylinder is-fixed by means of corks. Inside c, a cylindrical

glass a, about eight inches deep and two inches in diameter; a piece of

copper c, six inches long and three inches wide, having a copper con-

ducting wire Jc soldered to it, is loosely coiled up and placed in the

small cylinder with the plaster bottom ; a piece of sheet zinc e of

equal size is also loosely coiled up and placed in the larger external

cylinder, being furnished, like the copper plate, with a conducting wire

I. The larger cylindrical glass being then nearly filled with weak

brine, and the smaller with a saturated solution of sulphate of copper,

the two fluids being prevented from mixing by the plaster of Paris

diaphragm, the apparatus is complete, and wiU continue to give a

continuous current of Electricity for some weeks, provided care be

taken that the fluids in the two cylinders are maintained at the same

level. The decomposing apparatus is the counterpart of the battery

itself. It consists of two glass cylinders, one within the other, the

smaller one g having a bottom of plaster of Paris fixed into it ; this

smaller tube is about half an inch wide and three inches long, and is

intended to hold mercury and the metallic solution submitted to

experiment ; the external tube/in which it is immersed being filled

with a weak solution of common salt. In the latter, a slip of amal-

gamated zinc * is immersed for the positive electrode soldered to the

wire coming from the positive plate of the battery ; whilst for the

negative electrode a slip of platinum foil h, fixed to the wire from the

zinc plate of the battery, passes through a cork fixed in the mouth of

the smaller tube, and dips into the metallic solution which it contains.

In about eight or ten hours the mercury becomes swollen to double

its former bulk, and when quickly poured into distilled water evolves

hydrogen gas, and the water becomes alkaline. The ammonium .amal-

gam was most easily obtained ; it had a buttery consistence, and when

immersed in water, slowly gave ofi" hydrogen and yielded solution of

ammonia. Bird found that the spongy ammoniacal amalgam, though

it cannot be kept immersed in water even for a few instants without
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the formation of ammonia, could nevertheless be preserved for weeks

without change, as long as it was connected with the negative pole of

the battery ; with the same apparatus Dr. Bird reduced the metals

from solutions of chloride or nitrate of iron, copper, tin, zinc, bismuth,

antimony, lead, and silver. Bismuth, lead, and silver\ were beautifully-

crystalline ; the latter of dazzling whiteness, and usually under the

form of needles. He also obtained silicon, from a solution of chloride

of silicon in alcohol.

Aluminium and silicimi have recently been obtained by weak elec-

tric actions by Mr. Goze {Phil. Mag. March 1854 ;) the former was

reduced from the chloride, by placing a dilute solution of the salt into

a jar and immersing in the liquid a porous earthenware pot containing

dilute sulphuric acid ; a plate of amalgamated zinc was plunged into

the acid, and a corresponding plate of copper into the chloride, the

plates being connected by an arc of copper wire. After some hours

the copper plate became covered with a lead-coloured deposit of

aluminium, which when burnished, possessed the same degree of

whiteness as platinum, and did not appear to tarnish readily by

immersion in cold water, or in the atmosphere, but was acted upon by

dilute sulphuric and nitric acids. Siliciwn was reduced from a solution

of monosilicate of potash, prepared by fusing one part of silica, with

2;^ parts of carbonate of potash ; the same voltaic arrangement was

adopted as before, except that a small pair of Smee's batteries was

interposed in the circuit ; with a very slow and feeble action of the

battery the colour of the deposited metal was much whiter than

that of aluminium, closely approximating to that of silver.

(479) The follovsdng classification of the elementary substances by

Berzelius, though not altogether derived from experiment, and there-

fore subject to correction and modification, is useful as indicating the

electrical tendencies of a large number of bodies. In the list of

negative substances, each element is to be considered as negative to

all lelow and positive to all alove it in the list, and the same applies to

the list of positive substances. The elements are, therefore, nega-

tive and positive only in relation to each other. Thus, supposing a

compound of oxygen and chlorine to be electrolyzed, the oxygen

would go to the positive and the chlorine to the negative electrode
;

but if the compound were composed of chlorine and phosphorus,

then the chlorine would go to the positive and the phosphorus to the

negative electrode.

—

I. ELECTBO-NEGATIYE ELEMENTS.

1. Oxygen.

2. Sulphur.

3. Nitrogen.

4. Chlorine.

5. Iodine.

G. Fluorine.
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7. Phosphorus.

8. Selenium.

9. Arsenic.

10. Chromium.

11. Molybdenum.

12. Tungsten.

13. Boron.

14. Carbon.

15. Antimony.

16. Tellurium.

17. Columbium.

18. Titanium.

19. Silicon.

20. Osmium.

21. Hydrogen.

II. ELECTEO-POSITITB BODIES.

1. Potassium.

2. Sodium.

3. Lithium.

4. Barium.

5. Strontium.

6. Calcium.

7. Magnesium.

8. G-lucinum.

9. Yttrium.

10. Aluminium.

11. Zirconium.

12. Manganese.

13. Zinc.

14. Cadmium.

15. Iron.

16. Nickel.

17. Cobalt.

18. Cerium.

19. Lead.

20. Tin.

21. Bismuth.

22. Uranium.

23. Copper.

24. Silver.

25. Mercury.

26. Palladium.

27. Platinum.

28. Ehodium.

29. L-idium.

30. Gold.

(480) A substance cannot be transferred in the electric current

beyond the point where it ceases to find particles with which it can

combine; and it cannot be too strongly impressed, that electro-

chemical decomposition does not depend upon any direct attraction

or repulsion exerted by the metallic termina-

tions either of the voltaic battery, or of the

ordinary electrical machine. The beautiful

experiments of Faraday, in which air was

shown to act as a pole, have been quoted (213) ;

in the foUovring equally beautiful experiments

(^Faradcty^s Exp. 'Researches, 494), the decom-

position of sulphate of magnesia against a

surface of water, is most satisfactorily shown.

(481) A glass basin, four inches in diameter,

and four inches deep, had a division of mica,

a, Pig. 198, fixed across the upper part, so as

to descend one inch and a half below the
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edge, and to be perfectly water-tight at the sides. A plate of

platinum, b, three inches wide, was put into the basin on one side of

the division a, and retained there by a glass block below, so that any

gas produced by it in a future stage of the experiment, should not

ascend beyond the mica, and cause currents in the liquid on that

side. A strong solution of sulphate of magnesia was carefully poured

without splashing into the basin until it rose a little above the lower

edge of the mica division a, great care being taken that the glass or

mica, on the unoccupied or c side of the division in the figure, should

not be moistened by'agitation of the solution above the level to which

it rose. A thin piece of clean cork, well wetted in distilled water,

was then carefully and lightly placed on the solution at the c side,

and distilled water poured gently on to it, until a stratum, the eighth

of an inch ia thickness, appeared over the sulphate of magnesia. All

was then left for a few minutes, that any solution adhering to the

cork might sink away from it, or be removed from the water on

which it now floated ; and then more distilled water was added in a

similar manner, until it reached nearly to the top of the glass. In

this way, solution of the sulphate occupied the lower part of the

glass, and also the upper on the right-hand side of the mica ; but on

the left-hand side of the division, a stratum of water from c to d, one

inch and a half in depth, reposed upon it, the two presenting, when

looked through horizontally, a comparatively definite plane of contact.

A second platinum pole, e, was arranged so as to be just under the

surface of the water, in a position nearly horizontal, a little inclina-

tion being given to it, that gas evolved diiring decomposition might

escape. The part immersed was three inches and a half long by one

inch wide ; and about seven-eighths of an inch of water intervened

between it and the solution of sulphate of magnesia.

(482) The latter pole, e, was now connected with the negative end

of a voltaic battery, of forty pairs of plates, four inches square

;

whilst the former pole, b, was connected with the positive end.

There was action and gas evolved at both poles
;
but, from the inter-

vention of the pure water, the decomposition was very feeble, com-

pared to what the battery would have eflected in an uniform solution.

After a while (less than a minute), magnesia also appeared at the

negative side. It did not make its appearance at tlie negative metallic

pole, but in the water, at the place where the solution and the water

met ; and on looking at it horizontally, it could be there perceived

lying in the water upon the solution, not rising more than a fourth

of an inch above the latter ; whilst the water between it and the

negative pole was perfectly clear. On continuing the action, the

bubbles of hydrogen, rising upwards from the negative pole, im-
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pressed a circulatory movement on the stratum of water, upwards in

the middle, aud downwards at the side, which gradually gave an ascend-

ing form to the cloud of magnesia in the part just under the pole,

having an appearance aa if it were there attracted to it ; but this was

altogether an eftect of the currents, and did not occur till long after

the phenomena looked for were satisfactorily ascertained,

(483) After a little while the voltaic communication was broken,

and the platinum poles removed with as little agitation as possible

from the water and solution, for the purpose of examining the liquid

adhering to them. The pole e, when touched by turmeric paper

gave no traces of alkali ; nor could anything but pure water be found

upon it. The pole I, though drawn from a much greater depth and

quantity of fluid, was found so acid as to give abundant evidence to

litmus paper, the tongue, and other tests. Hence, there had been

no interference of alkaline salts in any way, undergoing first decom-

position, and then causing the separation of the magnesia at a distance

from the pole by mere chemical agencies. This experiment was

repeated again and again, and always satisfactorily.

(484) Thus it is clearly shown, that both water and air may ofiiciate

SiS&j)ole, and that one element orprinciple only, has no power of trans-

ference, or of passing towards either pole ; and hence there appears

but little reason to consider the phenomena of electro-chemical

decomposition, as due to the attraction or attractive powers of the

metallic terminations of the battery. Indeed, if, in accordance with

the usual theory, a piece of platinum be supposed to have sufficient

power to attract a particle of hydrogen from the particle of oxygen

with which it was the instant before combined, there seems, as

Faraday has observed, no sufficient reason, nor any facts, except those

to be explained, which show why it should not, according to analogy

with all ordinary attractive forces, as those of gravitation, magnetism,

cohesion, chemical affinity, &c., retain that particle which it had just

before taken from a distance, and from previous combination. Yet

it does not do so, but allows it to escape freely.

(485) It would not be possible, perhaps, to bring forward a more

instructive, or a more beautiful instance of the transfer of elements,

and their progress in opposite directions, parallel to the electric

current, than is furnished by chloride of silver when decomposed by

silver-wire poles. Upon fusing a portion of this compouiid on a

piece of glass, and bringing the poles into contact with it, there is

abundance of silver evolved at the negative pole, and an equal

abundance absorbed at the positive pole, for no chlorine is set free
;

and by careful management the negative wire may be withdrawn from

the fused globvdes as the silver is reduced there, the latter serving a a
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the continuation of the pole, until a wire or thread of revived silver,

five or six inches in length, is produced. At the same time, the
silver at the positive pole is as rapidly dissolved by the chlorine

which seizes upon it, so that the wire has to be continually advanced
as it is melted away. The whole experiment includes the action of

only two elements—silver and chlorine.

(486) According to the theory of Paraday, no element or substance

can be transferred, or pass from pole to pole, unless it be in chemical

relation to some other element or substance tending to pass in the

opposite direction, the effect being essentially due to the mutual
relation of such particles. Thus, pulverized charcoal, or sublimed

sulphur, diffused through dilute sulphuric acid, exhibits no tendency

to pass to the negative pole, neither do spongy platinum, or gold

precipitated by sulphate of iron; yet in these cases, the attraction of

cohesion is almost perfectly overcome ; the particles ai-e so small as

to remain for hours in suspension, and are perfectly free to move by
the slightest impulse towards either pole ; and if in relation by che-

mical af&nity to any substance present, are powerfully determined to

the negative pole.

(487) In Davy's celebrated paper on " Some Chemical Agencies

of Electricity" read before the Eoyal Society, November 20th,

1806, the following experiments on the passage of acids, alkalies, and

other substances through various attracting chemical menstrua, are

described : " An arrangement was made, consisting of three vessels,

Fig. 199. as shovm in Fig. 199 : solution of

g-^
iifl^^l

i ^ii^^k sulphate of potash was placed in

^^^H S^^E^^^^H contact with the negatively electri-

^^3H' U^|r fied point, pure water was placed in

/-^W contact with the positively electrified

•point, and a weak solution of ammo-

nia was made the middle link of the conducting chain ; so that no

sulphuric acid could pass to the positive point in the distilled water

without passing through the solution of ammonia : the three glasses

were connected together by pieces of amianthus. A power of 150

pairs was used : in less than five minutes it was found, by means of

litmus paper, that acid was collecting round the positive point : in

half an hour the result was sufficiently distinct for accurate examina-

tion.

" The water was sour to the taste, and precipitated solution of

nitrate of barytes.

" Similar experiments were made with solution of lime and weak

solutions of potash and soda, and the results were analogous. With

Btrong solutions of potash and soda a much longer time was required
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for the exhibition of the acid ; but even with the most saturated

alkaline lixivium, it always appeared in a certain period. Muriatic

acid from muriate of soda, and nitric acid, from nitrate of potash,

were transmitted through concentrated alkaline menstrua under

similar circumstances. "When distilled water was placed in the

negative part of the circuit, and a solution of sulphuric, muriatic, or

nitric acid, in the middle, and any neutral salt with a base of lime,

soda, potash, ammonia, or magnesia, in the positive part, the alkaline

matter was transmitted through the acid matter to the negative

surface, with sunilar circumstances to those occurring during the

passage of the acid through alkaline menstrua ; and the less concen-

trated the solution the greater seemed to be the facility of trans-

mission.

" I tried in this way muriate of lime with sulphuric acid, nitrate of

potash with muriatic acid, sulphate of soda with muriatic acid, and

muriate of magnesia with sulphuric acid ; I employed the power
,
of

150 ; and in less than forty-eight hours, I gained in all these cases

decided results ; and the magnesia came over like the rest.

" Strontites and barytes passed like the other alkaline substances,

readily through muriatic and nitric acids ; and vice versa, these acids

passed with facility through aqueous solutions of barytes and

strontites ; but in experiments in which it was attempted to pass

sulphuric acid through the same menstrua, or to pass barytes or

strontites through this acid, the results were very different.

" When solution of sulphate of potash was in the negative part of

the circuit, distilled water in the positive part, and a saturated solu-

tion of barytes in the middle, no sensible quantity of sulphuric acid

existed in the distilled water after thirty hours, the power of 150

being used : after four days sulphuric acid appeared, but the quantity

was extremely minute : much sulphate of barytes had formed in the

intermediate vessel : the solution of barytes was so weak as barely to

tinge litmus, and a thick film of carbonate of barytes had formed on
the surface of the fluid. "With solution of strontites the result was

very analogous, but the sulphuric acid was sensible in three days.

" When solution of muriate of barytes was made positive by the

power of 150, concentrated sidphuric acid intermediate, and distiUe

water negative, no barytes appeared in the distilled water, when the

experiment had been carrid on for four days ; but inuch oxymuriatic

acid had formed in the positive vessel, and much STilphate of baryte

had been deposited in the sulphuric acid."

(488) Sulphate of barytes may be decomposed by employing two
insulated discs of platinum, as in Fig. 200, one of which is to be put
in communication with the negative, and the other with the positive
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Fig. 200. 6ud of the pile : on each of these a few

grains of finely powdered sulphate of

barytes, moistened by a drop or two of

water, is placed, and the discs connected

p by a few filaments of wet cotton
;
they

\ should be within half an inch of each

of each other : in a few minutes barytes

will be evinced by test papers at the negative disc, and sulphuric

acid at the positive.

(489) These experiments of Davy's excited, at the time they were

announced, the utmost astonishment ; and the only way by which they

could at all be explained, was by supposing that throughout the

whole circuit, the natural affinities of substances were suspended and

destroyed, but were again recovered when they were dismissed at the

electrodes by which they were attracted. Faraday, however, denies

that any such transfer of the constituents of the body decomposed

can or does take place, and he applies the hypothesis of Grotthus to

explain the apparent transfer. He maintains that there must be in

all cases an unbroken series of particles of the electrolyte between

the two electrodes; and that in those celebrated experiments of

Davy's, in which the acid and alkaline constituents of the salt

appear to be drawn through pure water, ammonia, <Sr.c., the decompo-

sition could not have commenced until a portion of the salt had

passed by capillary attraction across the syphons, so that a con-

tinuous line of saline particles was established between the electrodes.

This explanation does not, however, appear to be satisfactory to some

of the German and French electricians. Peschel, and especially

Pouillet {Elements de Physique, vol. i. p. 598, 1847), still maintain

the transport of the constituents of the electrolyte. " There is,"

says the latter, " at once a separation and a transport. Numberless

attempts have been made to seize the molecule of water which has

been decomposed, or to arrest en route the atoms of the constituent

gases before their arrival at the electrodes, but without success. For

example : if two cups of water, one containing the positive and the

other the negative wire of a battery be connected by any conductor,

singular phenomena will be observed. If the intermediate conductor

be metallic, decomposition will take place independently in both

cups ; but if the intermediate conductor be the human body, as

when a person dips a finger of one hand into the water in one cup,

and a finger of the other hand into the other, the decomposition will

sometimes proceed as in the case of a metallic connection : but more

generally oxygen will be disengaged at the wire which enters the

positive cup and hydrogen at the wire which enters the negative cup
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no gases appearing at the fingers immersed in the one and the other.

It would thus appear that one or other of the constituent gases must

pass through the body of the operator in order to arrive at the pole

at which it is disengaged." Is not this, however, intelligible on the

theory of Grotthus, a chain of particles of water in the body of the

experimenter forming the continuous line between the electrodes ?

(490) When the material out of which .the poles are formed is

liable to the chemical action of the substances evolved, either simply

in consequence of their natural relation to them, or of that relation

aided by the influence of the ciirrent, they then suffer corrosion,

and the parts dissolved are subject to transference in the same

manner as the particles of the body originally under decompo-

sition. Thus, platinum being made the positive and negative poles,

in a solution of sulphate of soda, has no affinity for the oxygen,

hydrogen, acid, or alkali evolved, and refuses to combine with, or

retain them. Zinc can combine with the oxygen and acid : at the

positive pole it does combine, and immediately begins to travel as

oxide towards the negative pole. Charcoal, which cannot combine
with the metals, if made the negative pole in a metallic solution,

refuses to unite to the bodies which are ejected from the solution

upon its surface ; but if made the positive pole in a dilute solution

of sulphuric acid, it is capable of combining with the oxygen evolved
there, and consequently unites with it, producing both carbonic acid
and carbonic oxide in abundance.

(491) Among the many grand discoveries with, which Paraday has
enriched electrical science, that of definite electro-chemical action is

one of the most important. In the investigation of this question, it

was necessary to construct an instrument which should measure out the
Electricity passing through it, and which, being interposed ia the
course of the current used in any particular experi-

ment, should serve at pleasure, either as a comparative

standa/rd of effect, or as a positive measurer of this

subtile agent. "Water, acidulated with sulphuric acid,

was the electrolyte chosen, and ^'ig. 201 exhibits one
of the forms of apparatus employed : is a straight

tube, closed at the other extremity and graduated:
through the sides pass the platinum wires I h'

,
being n

fused into the glass and connected with two plates V .

within
:
the tube is fitted by grinding into one mouth

of a double-necked bottle, one half or two-thirds full

of water, acidulated with sulphuric acid. The tube is

filled by inclining the bottle ; and when an electric

current is passed through it, the gases evolved collect

Fig. 201.
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in the upper part of tlie tube, and displace the diluted acid, the

stopper c being left open. When the graduated part of the tube a

is filled with the mixed gases, the electric circuit may be broken by

Fig. 202. removing the wires connected with h b', the

stopper c replaced, and the metre tube

refilled, by properly inclining the instru-

ment: a second measure of gas is then

collected, on re-establishiag the circuit,

and so on. Pig. 202 is another very useful

form of this iastrument, to which its in-

ventor has given the name of the volta-

electrometer.

(492) By a series of experiments made

with this apparatus, under a variety of

forms, with different sized platinum elec-

trodes, and with solutions of various

degrees of strength, it was proved that

water, when subjected to the influence of the electric current, is

decomposed in a quantity exactly proportionate to the quantity of

Electricity which passes through it, whatever may be the variations

in the conditions and circumstances under which it may be placed

;

and hence, that the instrument may be employed with confidence as

an exact measurer of voltaic Electricity.

(493) A voltameter, in which the electrodes are tin-plates coated

with an alloy of lead and tin, has recently been described by Callan.

{PMl Mag., N. S., vol. vii. p. 73.) The decomposing cell is of

wrought-iron about an inch thick, made perfectly air-tight, the top

consisting of an iron plate screwed down on an Indian-rubber collar

;

the gases are liberated through a stop-cock screwed on the top plate.

The electrodes are arranged in two ways ; for batteries of low inten-

sity, 20 plates each 12 inches by 4 are employed
;
they are ranged

parallel and separated T^sth of an inch from each other by strips of

wood. Ten are connected with one end of the battery, and the other

ten with the opposite end. The acting surface, including both sides

of each plate, is about 3 square feet. The electrodes for batteries of

high intensity, are likewise separated from each other by a non-

conductor, but only the two terminal plates axe connected with the

poles of the battery. The cells are made perfectly water-tight, so

that the battery current can only pass from one end of the battery to

the other through the interposed plates and fluid. The number of

cells should be about ^th of the number of ceUs in the battery.

Thus, for a battery of 12 cast-iron cells, there should be 3 cells or

two plates between the two terminal plates ; for a battery of 100
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cast-iron cells in series, there may be 25 decomposing cells or 24
interposed plates. The intensity of a battery of 100 cells is 25 tim es
greater than that of 4 cells, therefore the current from it will

overcome 25 times the resistance, and "will pass through 25 decom-
posing cells successively, as freely as a current from a battery of
4 cells will pass through a single decomposing cell, since there is aa
much of the mixed gases produced in each of the 25 decomposing
cells as in the single cell through which the current from a battery
of 4 cells passes. If the current from a battery of 100 cells arranged
in one series, were sent through the electrodes as they are commonly
arranged, the power of the battery would be exhausted about twice
as soon as if the current passed through the electrodes arranged for
batteries of high intensity, and the twelfth part of the full decom-
posing power of the battery would not be effective. Callan states,
however, that it is better not to arrange a large battery in series for
decomposing water, but in sets of four, because a faulty cell, or a bad
zinc plate, wiU dimioish considerably the power of the entire battery.
The fluid used is a solution of an ounce and a quarter, or an ounce of
carbonate of potash, soda, or ammonia (the latter best), in a quart of
water

:
if more than an ounce and a quarter be used, the foam wiH

be considerable
;

if less than an ounce, the conducting power wiU
not be sufficient. The vessel must be tolerably capacious to allow
the foam to accumulate, and the iron vessel in which the electrodes
are contained should be coated with an aUoy of lead and tin, or lead
and antimony, in which the proportions of tin and antimony are
smaU.

(494) CaUan also describes an apparatus for applying the mixed
gases to the production of the lime Hght for iUuminating purposes :

It consists of two wrought-iron vessels of unequal size ; the smaUer
one IS about 5* inches high and 2 inches in diameter, the sides being
an mch thick

;
the larger one is about 71 inches high and 4 inchesm diameter, the sides about iths of an inch thick. On the top of

the vessel is laid a coUar of thick vulcanized Indian-rubber
; an iron

plate about fths of an inch thick is there screwed down to it by iron
bolts; the vessel is thus made airtight: the top of this vessel is
connected by an Indian-rubber tube with the bottom of the small'
one the bot om is connected by a simHar tube with the gas-bag, gas-
holder, or voltameter

:
the two vessels are nearly fiUed with water : the

gas IS sent into the bottom of the large one, ascends through the
water, passe, through the tube to the bottom of the smaU one, then
through the water, and issues from the jet screwed to the top of the
smalL vessel. The two vessels being of unequal size, it is impossible
that aU the water should be carried out of both at the same time by
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the stream of the gases ; and slioukl an explosion occur after the

small vessel becomes empty, the flame would be stopped by the

water in the large vessel. In each vessel the gases are made to pass

through wire gauze or perforated zinc, or through small pieces of

porous earthenware, in order to break the bubbles, and thus prevent

the gases from ascending in a continued series of large bubbles. To

prevent the water from being driven into the gas-bag or voltameter,

an Indian-rubber valve is placed across the hole through wliich gases

enter. This valve opening only inwards, becomes closed by any

expansive force acting outwards: no dangerous explosion can con-

sequently happen with this apparatus. With a battery of twelve

four-ijich cast-iron cells, or of four cells, each Gx8 inches, Callan

obtained a sufl&cient amount of gas for the supply of the gas micro

scope, dissolving views, &c. ; the lime light was ith of an inch in

diameter and constant.

(495) The following observations on the relative practical values of

the Hme and coke lights are worth attention, as being the results of

extensive experiments. If the jet of the gas-holder be attached to a

stop-cock, by which the gases may be confined for 55 seconds in every

minute, and if they are allowed to issue from the jet only for five

seconds in each minute, twelve times as much of the gases must pass

through the jet in these five seconds, as would pass through it in the

same time were the stop-cock always open. Hence, if the gases pro-

duced by the battery are ignited for five seconds in each minute as

they issue from this jet, and are confined in the voltameter for the

remaining 55 seconds, the flame will, when thrown on lime, give a

light twelve times as large as one a quarter of an inch in diameter, or

one nearly iths of an inch in diameter. This is eff-ected by means of

a stop-cock of peculiar construction, the key of which is worked by

clock-work. The expense of such an intermitting light would not

be great, and it is particularly recommended for light-houses. The

constant Hght seems at present almost impracticable. When coke

is used and the light constant, the battery soon wears out. The

coke light is more intense than the Hme light, and somewhat less

expensive ; but the lime light is much more easily managed than the

coke light.

To produce a coke Hght sufficient for all illuminating purposes,

40 cast iron ceUs, each containing a zinc plate, 2 inches by 4, will

suffice. To obtain a lime light of equal illuminating power, a battery

containing at least twice as large a surface of zinc will be requu-ed.

The coke points wUl require to be changed more frequently than the

lime, and there is more reason to fear that the coke light will fail, on

account of the destruction of the positive coke point, than that the
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lime will go out on account of the wearing of tlie lime. The smallest,

and therefore the least expensive, battery by which, by the aid of a

good apparatus for adjusting the coke points, a continuous light of

great illuminating power can be obtained, Callan found to be 40

cells, in which the zinc plates were 2x4 inches. To produce an

equal light from lime, a battery nearly twice the size would be

required, the cells being arranged in sets of 4. The most effective

method for arranging a cast-iron battery for the decomposition of

water, is in sets oi four. Callan found that 4 cells produced more

than half the quantity of gases yielded by 12 of the same size, and

that a battery of 60 cells working in series, produced in a minute, very

little more than 4 of the same size. He thinks that there is a certain

intensity, above and below which there is a loss of decomposing

power, and that in the cast-iron battery when more than 4 cells are

employed in series, some of the Electricity passes through the water

without meeting the resistance or re-action necessary for decom-

position. "With a common voltameter, a battery of 500 cast-iron

cells arranged in rows of four vdll produce more than 50 times as

much gases as it will when the cells are arranged in series.

(496) A detail of one experiment with protochloride of tin {Fara-

day's ^Experimental Researches, 789), will be su£S.cient as an example,

both of definite electro-chemical decomposition, and of the masterly

method of examining the question which was adopted by Earaday.

Fig. 203.

A piece of platinum wire had one extremity coiled iato a small knob
;

and, having been carefully weighed, was sealed hermetically into a

piece of bottle-glass tube, so that the knob should be at the bottom

of the tube withia. The tube was suspended by a piece of platinum

wire, so that the heat of a spirit-lamp could be applied to it. Eei

cently fused protochloride of tin was introduced in sufficient quantity

to occupy, when melted, about one-half of the tube. The wire of the

tube was connected with a volta-electrometer, which was itself con-

nected with the negative end of a voltaic battery ; and a platinum

wire connected with the positive end of the same battery was dipped

B B
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into the fused chloride in the tube, being however so bent, that it

could not by any shake of the hand or apparatus, touch the negative

electrode at the bottom of t]ie vessel. The whole arrangement is

delineated in Fig. 203.

(497) Under these circumstances, the chloride of tin was decom-

posed; the chlorine evolved at the positive electrode formed li-

chloride of tin, which passed away in fumes ; and the tin evolved at

the negative electrode combined with the platinum, forming an alloy

fusible at the temperature to which the tube was subjected, and

therefore never occasioning metallic communication through the

decomposing chloride. When the experiment had been continued so

long as to yield a reasonable quantity of gas in the volta-electrometer,

the battery connection was broken, and the positive electrode re-

moved, and the tube and remaining chloride allowed to cool. When

cold, the tube was broken open, the rest of the chloride and the glass

being easily separable from the platinum wire and its button of alloy.

The latter, when washed, was then re-weighed, and the increase gave

the weight of the tin reduced.

(498) The following are the particular results of one experiment:

The negative electrode weighed at first 20 grains ; after the experi-

ment, it, with the button of alloy, weighed 23-2 grs. The tin evolved

by the electric current at the cathode weighed therefore 3-2 grains.

The quantity of oxygen and hydrogen collected in the volta-electro-

meter = 3-85 cubic inches. As 100 cubic inches of oxygen and

hydrogen, in the proportions to form water, may be considered as

weighing 12-92 grains, the 3-85 cubic inches would weigh 0-49742 of

a grain : that being therefore the weight of water decomposed by the

same electric current as was able to decompose such weight of

protochloride of tin as could yield 3-2 grains of metal. Now,

0-49742 : 3-2 :: 9 (the equivalent of water) : 57.9, which should

therefore be the equivalent of tin, if the experiment had been made

without error, and if the electro-chemical decomposition is in this

case also definite. In some chemical works, 58 is given as the

chemical equivalent of tin ; in others, 57-9. Both are so near to the

result of the experiment, and the experiment itself is so subject to

slight causes of variation, that the numbers leave little doubt of the

applicability of the law of definite action in this and all simUar cases

of decomposition. Chloride of lead was experimented upon in a

manner exactly similar, except that flumlago was substituted for

platinum as the positive electrode. The mean of three experunents

gave 100-85 as the equivalent for lead: the chemical equivalent is

103-5, the deficiency being probably attributable to the solution of.

part of the gas in the volta-electrometer.
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(499) In some experiments, several substances were placed in

succession, and decomposed simultaneously by the same electric

current : thus, protochloride of tin, chloride of lead, and water, were

acted on at once, the results were in harmony with each other : the

tin, lead, chlorine, oxygen and hydrogen evolved being definite in

quantity, and electro-chemical equivalents to each other.

(500) By these and numerous other experiments, an irresistible

mass of evidence was produced to prove the truth of the important

proposition, that the chemical power of a current of Electricity is in

direct proportion to the absolute quantity of Ekctricity which passes,

which also is not merely true with one substance, as water, but gene-

rally with all electrolytic bodies; and farther, that the resiilts

obtained with any one suhstance, do not merely agree amongst them-
selves, but also with those obtained from other substances, the whole
combining together into one series of definite electro-chemical actions.

(501) The following is a summary of certain points respecting

electrolytes, ions, and electro-chemical equivalents, developed by Dr.
Paraday, and given in the seventh series of his Experimental
Eesearches. (826, ef seq.)

1. A single ion, that is, one not in combination with another, will

have no tendency to pass to either of the electrodes, and will be
perfectly indifferent to the passing current, unless it be a compound
of more elementary ions, and itself subject to decomposition. Upon
this fact is founded much of the proof adduced in favour of the new
theory of electro-chemical decomposition put forward in a former
series of these Researches.

ii. If one ion be combined in right proportions with another
strongly opposed to it in its ordinary chemical relations, that is, if an
anion be combined with a cathion, then both will travel, the one tO
the anode, and the other to the cathode of the decomposing body.

ui. If therefore an ion pass towards one of the electrodes, another
ion must be also passing simultaneously to the other electrode, though,
from secondary action, it may not make its appearance.

iv. A body decomposable directly by the electric current, that is,

an electrolyte, must consist of two ions, and must give them up
during the process of decomposition.

V. There is but one electrolyte composed of the same two ele-
mentary ions, at least such appears to be the fact, dependent upon a
law, that only single electro-chemical equivalents of elementary iiins

can go to the electrodes, and not multiples.

^

VI. A body not decomposable when alone, as boracic acid, is not
•
directly decomposable by the electric current when in combination;
it may act as an ion, going whoUy to the anode or cathode : but it

B B 2



372 GALVANIC OB YOLTAIO ELEOTEIOTTT.

does not give up its elements, except occasionally by chemical

action.

vii. Tlie nature of the substance of which the electrode is formed,

provided it be a conductor, causes no difference in the electro-

decomposition, either in kind or in degree ; but it seriously influences,

by secondary action, the state in which the ions finally appear.

Advantage may be taken of this principle, in combining and collect-

ing such ions, as, if evolved in their free state, would be unmanage-

able.

viii. A substance \^hich, being used as the electrode, can combine

altogether with the ion evolved against it, is also an ion, and com-

bines in such cases in the quantity represented by its electro-

chemical equivalent. All the experiments agree with this view, and

it seems, at present, to result as a necessary consequence. Whether

in the secondary action that takes place where the ion acts, not upon

the matter of the electrode, but upon that which is round it in the

liquid, the same consequence follows, vnll require more extended

investigation to determine.

ix. Compound ions are not necessarily composed of electro-chemical

equivalents of simple ions. Tor instance—sulphuric, phosphoric, and

boracic acids, are ions, but not electrolytes, that is, not composed of

electro-chemical equivalents of simple ions.

X. Electro-chemical equivalents are always consistent, that is, the

same number which represents the equivalent of a substance A, when

separating from a substance B,will also represent A when separating

from a third substance C. Thus 8 is the electro-chemical equivalent

of oxygen, whether separating from hydrogen, or tin, or lead
;
and

104 is the electro-chemical equivalent of lead, whether separatmg

from oxygen, chlorine, or iodiae.

xi. Electro-chemical equivalents coincide, or are the same with

ordinary chemical equivalents.

(502) The theory of definite electro-chemical action led Earaday

to the consideration of the absolute quantity of electric force in

matter : for although, as he observes, we are utterly ignorant of what

an atom really is, we cannot resist forming some idea of a small

particle, which represents it to the mind, and there is an immensity

of facts 'which justify us in believing that the atoms of matter are m

some way endowed or associated with electrical powers to which they

owe their most striking qualities, and amongst them their mutual

chemical affinity. J^^ow, to decompose a single gram of acidulated

water, m electric current, powerful enough to retain a platinum

wire Tir of an inch in thickness, red-hot, must be sent through it for

three minutes and three quarters, and this quantity of Electricity is
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equal to a very potoerful flash of lightning : yet tbe electrical power

which holds the elements of a grain of water in combination, or which

makes a grain of oxygen and hydrogen, in the right proportions, unite

into water when they are made to combine, equals, in all probability}

the current required for the separation of that grain of water into its

elements again ; and this Earaday has shown to be equal to 800,000

charges of a Leyden battery of fifteen jars, each containing one

hundred and eighty-four square inches of glass, coated on both sides :

indeed, a beautiful experiment is described by Faraday, in which the

chemical action of dilute sulphuric acid on 33'31 parts, or one equiva-

lent of amalgamated zinc, in a simple voltaic circle, was shown

to be able to evolve such quantity of Electricity in the form of a

current, as passing through water could decompose nine parts, or

one equivalent of that substance ; thus rendering the proof complete

(bearing in mind the definite relations of Electricity), that the JEleC'

tricity which decomposes, cmd that which is evolved hy the decomposition

of, a certain quantity of matter, are alike.

(503) Secondary Results

:

—In investigating the action of the

voltaic current on chemical compounds, it is important to distinguish,

carefully between primary and secondary results. When a substance

yields, uncombined and unaltered at the electrodes, those bodies which

have been separated by the electric current, then the results may be

considered as primary ; but when any second re-action takes place,

by which the substances, which appear at the electrodes, are not

those which the immediate decomposition of the compounds would

produce, then the results are secondary, although the bodies evolved

may be elementary.

These secondary results occur in two ways, being sometimes due

to the mutual action of the evolved substance on the matter of the

electrode, and sometimes to its action on the substances contained in

the body itself, under decomposition. Thus, when carbon is made
the positive electrode in dilute sulphuric acid, carbonic oxide, and
carbonic acid occasionally appear there instead of oxygen : for the

latter acting on the matter of the electrode,' produces these secondary

results. Or if the positive electrode, in a solution of nitrate, or

acetate of lead, be platinum, then peroxide of lead appears there

equally a secondary result with the former ; but now depending upon
an action of the oxygen on a substance in the solution. Again, when
ammonia is decomposed by platinum electrodes, nitrogen appears at

the anode
;
but though an elementary body, it is a secondary result in

this case, being derived from the chemical action of the oxygen, elec-

trically evolved there upon the ammonia in the surrounding solution.

In the same manner, v/hen aqueous solutions of metallic salts are
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electrolyzed, the metals evolved at the cathode, though elements, are

always secondary results, and not immediate consequences of the

decomposing power of the electric current.

(504) By the aid of feehle electric currents, some interesting

decompositions and crystallizations were obtained by Becquerel.

The following are some of his results : * suboxide of copper in the form

of small bright octohedrons of a deep red colour was obtained by

filling a tube with solution of nitrate of copper, placing at the bottom

some powdered protoxide, and plunging into the liquid a plate of

copper. The tube being then hermetically sealed, the crystals made

their appearance after about ten days. That part of the plate which

was in contact with the protoxide was positive, and the other part

negative. If there was excess of protoxide, the solution after a time

became colourless. Crystallized protoadde of lead was obtained by

placing at the bottom of a tube some pulverized litharge, and pour-

ing over it a slightly diluted solution of sub-acetate of lead, then

plunging into it a plate of lead which was equally in contact with the

litharge ; the tube was then hermetically sealed, and the surface of

the plate became gradually covered with small prismatic needles of

hydrate of lead. Crystallized oxide of zinc was obtained in the fol-

lowing manner : two bottles were filled, one with a solution of zinc

in potash, and the other with a solution of nitrate of copper, a com-

munication was established between them by means of a bent tube

filled with potter's clay, moistened with a solution of nitrate of

potash ; a plate of lead was immersed in the solution of zinc, and a

plate of copper in the solution of copper : these two plates were put

in metallic communication with each other. Tlie nitrate of copper

was decomposed in consequence of the action of the current proceed-

ing from the action of the alkali on the lead : the oxygen and the

nitric acid were transferred to the plate of lead, and there produced

nitrate of potash and oxide of lead, which was dissolved in the alkali.

After the experiment had been continued some days, small clear

crystals, having the shape of flat prisms, and so disposed as to form

rosettes, were found deposited on the plate of lead. Crystallized

hydrate of lime was obtained by filling a V shaped tube, the lower part

of which was plugged with moist clay with Seine water, which contains

sulphate of lime, and passing the current from fifteen elements

through the liquid, both the water and the sulphate of lime were

decomposed; that in the negative branch became alkaline, and a

* Traits de Electricite, vol. iii. p. 287, et seq.

Taylor's Scientific Memoirs, vol. i. p. 414.

Comp. Rend. Feb. 1852.

L. and E. Phil. Mag., N. S., vol. iil p. 235.
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crystalline deposit gradually took place. Chloride of silver was ob-

tained, in the form of beautiful translucent octohedrons, by immersing

a plate of silver attached by a wire of the same metal to a piece

of charcoal, in a tube containing concentrated hydrochloric acid, and

nearly closed. The silver attracted and combined with the chlorine,

and the hydrogen of the acid formed, with the charcoal, a gaseous

compound, which escaped. AVith a similar arrangement, substituting

copper for silver, fine tetrahedi-al crystals of chloride of copper were

formed after a few months' action. Becquerel also succeeded in

forming, artificially, by slow electric action, the sulphurets of silver,

copper, lead, and tin, in beautifully crystalline forms.

(505) More recently the weak actions to which Becquerel's atten-

tion has been more particularly directed, are those which commence

as soon as the rocks, the metallic and other substances which occupy

veins and beds, come in contact with the mineral waters which rise

from all parts of the earth's interior. Time, then, becomes an ele-

ment in the growth of the crystalline substances^ formed. The

following experiments were made : 1°. A plate of amalgamated zinc

surrounding a copper wire was plunged in a solution of silica in

potash. After a fortnight's action, very small, regular, octohedral

crystals of hydrate of zinc were formed on the zinc plate ;
2°. A lead-

copper arrangement was substituted for the zinc copper, anhydrous

crystals of oxide of lead were deposited on the lead plate ;
3°. Lumps

of galena were left for several years in solutions of chloride of sodium

and sulphate of copper ; the following products were formed, either

on the galena or on the bottom and sides of the vessel : a, chloride of

sodium in cubes, cubic octohedrons, and even in octahedrons, having

great transparency and very definite forms
;
b, chloride of lead, in

needles and cubes, slightly yellowish and of a very perfect form

;

c, sulphate of lead in cuneiform octohedrons, much modified, precisely

resembling the crystalline sulphate of lead of Anglesea; d. chloro.

sulphate of lead, in needles ; e. hasic chloride of lead in microscopic

crystals disseminated here and there throughout the whole product

;

f. sulphuret of copper, black, without an appearance of crystallization.

The whole of these substances covering the piece of galena gave it

the appearance of a specimen from a mineral vein. A voltaic couple

formed of a piece of galena surrounded by a platinum wire placed in

a saturated solution of common salt and sulphate of copper diluted

with three volumes of water, give rise to the formation of a consider-

able quantity of crystallized chloride of lead in cubes without any

other product.

Becquerel thinks that these re-actions take place in nature ; rain

water, coming into contact with mineral masses and veins formed of
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metallic combinations, becomes charged with chloride of sodium and

sulphate of copper arising from the decomposition of copper pyrites
;

the resulting solutions once in contact with galena, re-act upon it

weakly, and give rise to the various compounds above described.

(506) To obtain in a crystalline state sulphur, sulphate, and car-

bonate of baryta, the apparatus shown in Fig. 204 waa employed.

Fig. 204.

A., A', A" are three "Wolfe's bottles; A contains a solution of sul-

phate of copper, A' a solution of the substance in the constituent

parts of which it is desired to introduce a change, and A" contains

water, rendered a conductor by the addition of an acid or common
salt. A communicates with A' by means of a bent tube, a h c, filled

with potter's clay or plaster of Paris, as suggested by Dr. Golding

Bird, moistened with a saline solution, the nature of which depends

on the effect intended to be produced in A. A' and A" communi-
cate with each other by means of the two platina plates, p and
A and A" communicate by means of a voltaic pair c M i?: ^ ^ is a

safety tube, to indicate internal pressure arising from the disengage-

ment of gas.

According to this arrangement, the extremity ^" of the platina

plate is the positive pole of a voltaic apparatus, whose action is slow

and continuous when the liquid in A' is a good conductor ; the inten-

sity of the electric forces is sufficient to decompose the sulphate of

copper in A; from that instant the oxygen proceeds towards a as well

as the sulphuric acid, which, in passing into the tube ah c, expels

those acids which have a less affinity than itself towards tlie bases.

These acids and the oxygen pass into the. liquid A', where their slow

re-actions determine the relative changes in the bodies which they
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find there. On introducing in A' an alcoholic solution of sulpho
cai'bonate of potash, and moistening the clay in the tube ah c with a

solution of nitre, a crystalline deposit of sulphur and earhonate of
potash took place on the platinum plate ;p" after 24i hours' action,

when a solution of sulpho-carbonate of baryta was substituted for

sulpbo-carbonate of potash, the deposit consisted of crystals of sul-

phur, and carbonate, and sulphate of baryta. A' was filled with a
solution 0^ suljjhite ofpotash, p p' p" being a double plate of copper.
The extremity jo", which was still the positive pole, attracted the
oxygen and the nitric acid, the latter decomposed the sulphite and
took possession of the base : the sulphurous acid was carried to the
oxide of copper, w^hich was formed at the same time and combined
with it. The sulphite of copper combined with the sulphite of pot-
ash, and formed a double compound, which crystallized in beautiful
octohedrons, but which was gradually decomposed, and gave place to
fine transparent octahedral crystals of sulphite of copper, of a vivid
red colour, and with the brilliancy of garnets.

(507) By the following arrangement, recommended by Dr. Golding
Bird, fine crystals of copper, of suboxide of copper, and of oxide of
zinc, may be obtained : A glass tube, open at both ends, about half
an inch in diameter and three inches in length, is closed at one end
by means of a plug of plaster of Paris, about i of an inch in thick-
ness. The tube is filled with a moderately diluted solution of nitrate
or chloride of copper, and placed inside a cylindrical glass vessel,
nearly filled with a weak solution of potash or soda. The leaden leg
of a compound lead and copper arc is plunged into the outer cylinder,
and the copper leg into the tube. The lead slowly dissolves in the
alkaline solution, and electric action is set up ; the current traverses
the plaster of Paris partition, and the oxide of copper (precipitated
by the slow admixture of the alkaline solution with the copper salt)
IS reduced partly to the metaUic state and partly to suboxide, both
of which crystallize on the negative copper leg of the arc. If a solu-
tion of oxide of zinc in caustic potash be substituted for the uncom-
bmed alkali in the larger vessel, a very elegant deposit of oxide of
zinc takes place in about eight or ten days, on the lead or positive
plate, while fine crystals of copper and suboxide are deposited on the
copper or negative plate.

(508) The following experiments were made by Mr. Crosse

:

V. In an oval glass dish, of the capacity of about two quarts, was
placed, on the bottom horizontally, a flat piece of clay-slate, a few
inches square, with a platinum wire round its middle, and connected
mth the negative pole of a sulphate of copper lattery of eight pairs
of plates. Upon this was placed a piece of mountain limestone of a
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few ounces' weight, round the middle of which passed a platinum

wire, connecting it with the positive pole. This stone was prevented

from touching the slate below hy three small wedges of deal, placed

as supports. The glass dish was filled with spring water, and a

stream of gas was rising from each wire. After two months' action

the negative platinum wire was entirely covered throughout its

whole length, under water, with crystalline carlonate of lime, and the

positive wire had produced a great effect upon that part of the lime-

stone with which it was in contact, having eaten into it so as to form

a neck round it. In another month the effects greatly increased,

and carbonate of lime began to form rapidly over the whole of the

slate, as well as over the greater part of the inner surface of the glass

basin. It so happened that the most elevated part of the limestone

stood perpendicularly above a part of the negative wire, from which

a constant stream of hydrogen gas, in minute bubbles, was playing

against the little wall of limestone above it. Exactly where this line

of bubbles existed, about half an inch in width, was a line of most

beautiful translucent crystals of carbonate of lime upon the lime-

stone, and occupying the whole surface of that part of it which was

exposed to the current of hydrogen gas.

2°. In a glass jar of spring water were placed two pieces of clay

slate, and between them a piece of crystallized carbonate of strontia,

connected with the positive pole of a sulphate of copper battery, of

six pairs of plates, the lower slate being in connection with the

negative pole : both slates became thickly covered with pearly-white

carbonate of strontia in a botryoidal formation : the glass was also

partially covered with stalactitic carbonate of strontia.

3°. In a similar jar, carbonate of barytes was positively electrified

:

the negative wire and a portion of the slate became gradually covered

with a beautiful mamillated formation of carbonate of bar}i;es.

4°. In a similar jar, sulphate of barytes was positively electrified

:

the slate was studded with brilliantly transparent crystals of sulphate

of barytes.

5°. A piece of solid opaque white quartz, suspended in a glass

basin, filled with solution of pure carbonate of potash, was kept posi-

tively electrified by a similar battery, a similar piece of quartz being

in the same manner kept negative. Some small pieces of quartz

were placed between the two : after some months' action there was a

considerable formation of crystals.

(509) Among the results obtained by the author, the following

are worthy of being recorded :—

1°. Two pieces of white marble, placed horizontally in a glass

basin, were connected by platinum wires with the positive and nega-
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tive terminations of a battery of twenty pairs, in glass jars, charged

with salt and water. The basin was filled with spring water, : after

several months' action the positive marble was cut nearly half through

its thickness, and the edges of the negative marble; and the negative

side of the basin, were covered with myriads of crystals. A strong

smell of chlorine was perceptible, evidently occasioned by the decom-
position of the chlorides contained in the water. Mr. Crosse noticed

the same in some of his experiments, and there is no doubt, as he
remarks, that the small quantity of chlorine thus evolved at the

positive pole, lent material assistance to the transference.

2". The positive platinum wdre of a similar battery was twisted

round a piece of mountain limestone ; the negative wire was attached
to a piece of slate : after the lapse of several months the limestone
was cut nearly in two, and the slate was beautifully studded with
crystals of carbonate of lime.

3°. To the positive pole of a battery of twenty pairs, charged with
salt and water, was attached a crystal of sulphate of barytes. This
rested on the bottom of an inverted gallipot, which was placed in a
large glass jar filled with spring water. After six months' action the
negative side of the gallipot had become studded with heautiful
transparent crystals, many of which could be distinctly pronounced
to be four-sided and tabular. These crystals rapidly increased, both
in size and number, and after twelve months' action the jar itself,

and also the slate, were completely covered with crystals.

4°. "Under similar circumstances (except that instead of a gallipot
a small inverted tumbler was employed), a crystal of sidflmte of
strontia was kept positively electrified ; thare was a similar formation
of transparent crystals over the negative side of the inverted jar, and
also over the side of the large jar in which the whole was'pkced.
The odour of chlorine was in both these experiments very distinct.

^

5°. The carbonates of barytes and strontia kept positively electri-
fied in vessels of spring water, after several months' action, transferred
beautiful crystals to the negative side of the basin; and, in the case
of the carbonate of strontia, the negative slate was very thickly
studded

;
the evolution of chlorine was very evident in both cases.

6°. A common large garden flower-pot without a hole in the
bottom, was fiUed with fragments of common red-brick, and placed
on two pieces of brick standing in a common salting pan : the pot was
kept filled with spring water, the droppings being poured back every
mornmg. Three platinum wires from the positive extremity of a
salt-and-water battery, of sixty pairs of cylinders, in three series of
twenty pairs each, enveloped two of the pieces of brick, about three
inches beneath the surface; and three sHver wires from the negative
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extremity were twisted round two other pieces at the opposite side

of the pot. A few days after the commencement of the experiment,

a strong odour of chlorine rose from the positive side
;
and, after the

lapse of several months, there was a large accumulation of carbonate

of lime on the negative side of the pot, not only over the fragments

of brick, but all over the outside of the pot, and between the bottom

of the pot and the crucible under the negative side. With the aid of

a lens, a large accumulation of small crystals of carbonate of lime

could be seen between the interstices of the bricks.

This experiment is a modified repetition of one of Mr. Crosse's

experiments, which was as foUows ;

—

In a large, common, glazed salting-pan, filled with the spring water

of the country, a common red brick was laid horizontally, each end

resting on a half brick of the same sort. The two ends of the brick

were connected respectively with the positive and negative termi-

nations of a sulphate of copper battery, of nine pairs of nine-ipch

plates : the upper svirface of the brick was covered with clear river-

sand. At the termination of a quarter of a year, the apparatus was

taken apart, and the following observations were made :

—

On attempting to lift the whole brick from the two half bricks that

supported it, it was found that while the positive end was easily re-

moved from the brick below it, the negative end required some little

force to separate it from its support; and when the two were

wrenched asunder, it was observed that they had been partially

cemented together by a tolerably large surface of beautiful snow-white

crystals of arragonite, thickly studding that part of the brick in

groups, the crystals of each radiating from their respective centres.

Here and there were formed in some of the little recesses in the

brick, elevated groups of needle arragonite, meeting together in a

pyramidal form in the centre ;
while, in the open spaces between,

were some exquisitely-formed crystals of carbonate of lime in cubes,

rhomboids, and more particularly in short six-sided prisms, with fiat

terminations, translucent and opaque, sufficiently large to determine

their form without the use of a lens. The positive end of .the brick

and that which supported it were also covered with crystals, much

smaller and apparently of a diflerent nature. On emptying the

water from the pan, there was found at its negative end, at the

bottom, a very large quantity of snow-white carbonate of lime to the

extent of some ounces in weight, in the form of a gritty powder in

minute crystals. Three-fourths of the whole interior of the pan were

covered with myriads of crystals of carbonate of lime, so firmly

adhering to the pan, as not to be separated without the aid of an

acid.
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(510) Of the action of a weak acid on limestone, -when concen-

trated at the positive pole, the following pretty application was made
by Mr. Crosse :

—

In a saucer, filled with a concentrated solution of nitrate of potash,

a flat, polished piece of white marble was placed; and upon the

middle of the marble, a common sovereign, with its reverse in contact

wdth the marble, and having a stout glass rod supported perpen-
dicularly on the coin, to keep it in its place. Between the rod and
the coin was affixed a platinum wire, which was connected with the
positive pole of a sulphate of copper battery, of eight pairs of plates

;

while round the marble, but not touching it, was a coil of similar
wire connected with the negative pole. The nitric acid was soon
separated from the potassa, and attacked the marble in contact with
the sovereign

;
and, at the expiration of three days, tJie coin was per-

fectly imbedded in the marble. The experiment was then put an end
to, and the marble being taken out and inverted, the sovereign fell

out of its stony receptacle, leaving a tolerably perfect impression on
the marble. A very singular result took place in this experiment

:

the end of the glass rod which rested on the platinum wire in contact
with the coin, chanced to be ground for the length of about two
inches, which ground portion at the termination of the experiment
became permanently gilded. This was at first referred by Mr
Crosse to the presence of a minute portion of chlorine in the solu-
tion

;
the real cause was detected in the course of the following

experiments, made some years afterwards and communicated by Mr.
Crosse to the chemical section of the British Association, in 1854, in
a paper, "On the Apparent Mechanical Action accompanying
Electric Transfer."

" Hxjperiment the first.—1 placed a piece of smooth carbonate of
lime, of two inches square and half an inch thick, at the bottom of a
rather deep saucer, which I nearly filled with dUute pure nitric acid.
The preparation of the acid being one-fiftieth part by measure of the
distilled water employed, which was one pint. Upon this piece of
limestone I placed a sovereign, which weighed 123 grains, and upon
the upper surface of the coin I placed one end of a platinum wire,
which was connected with the positive pole of a smaU sustaining
sulphate of copper battery. This end of the wire was kept firm on
the com, and the coin on the limestone by a stick of glass, supported
vertically. The lower end of the stick was ground, as in my former
experiment. Around the square piece of limestone I coiled a second
platinum wire which was connected with the negative pole of the
battery.

" The action commenced, hydrogen gas being liberated at the latter
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pole, and carbonic acid gas from that part of the coin in contact with

the limestone at the positive pole. I kept this in action for fifty-

hours, and then took the apparatus apart. The coin had sunk into

the limestone to the depth of half its thickness, and when removed, it

left a clean impression on the stone. Bat the most striking circum-

stance was that the carbonic acid gas in its evolutions from the stone,

had struck off a portion of the milled edge of the sovereign, leaving it

quite smooth at that part, and the pieces hroTcen off had the milled

edge remaining on them. Moreover, the evolution of gas carried up

a small portion of gold, and gilded the whole of the ground surface of

the glass rod. The broken pieces of metal lay around the coin, which

when weighed, showed a loss of three grains, which was exactly the

weight of the pieces, including the gilding on the glass, which 1 care-

fully removed. It is particularly to be noticed, this was at the

positive pole. On testing the fluid, it evinced not a trace of gold or

copper, but merely a portion of nitrate of lime. Indeed had either of

these metals been in solution, they must have appeared on the

negative platinum wii'e, which was not the case.

" Experiment the second.—1 repeated the former experiment in a

different manner, using pure sulphuric acid instead of nitric, and

acting on the same sovereign, which now weighed 120 grains. This

I placed on a larger piece of marble and kept it pressed firm in its

position by a glass weight of larger diameter than the former, and

weighing about two pounds. Instead of a saucer I used a glass jar,

filling it with one ounce of sulphuric acid and forty-nine of distilled

water, so that the pressure of the fluid was of coui-se greater, from

the greater depth of the vessel containing it, and resistance to the

extrication of the gas was in consequence proportionably greater. I

employed a sulphate of copper battery of eight pairs, weakly charged

but in good action. This action was continued for ninety hours, and

then stopped. The coin weighed 114! grains, having lost six grains,

which lay in pieces around it upon the surface of the marble, and

which weighed exactly six grains. The glass weight in this experi-

ment was not gilded, and the coin had made but little impression on

the marble. On examining the sovereign, I found that one portion

of its edc^e had the entire milling completely removed, and that part

of the edge was left perfectly smooth, the remaining part of the coin

being little if at all acted on. In fact, neither of the flat sides of the

coin was at all acted on ; with the exception of a small portion of

loth sides which were contiguous to that part of the edge from

which the entire milling was removed. The carbonic acid gas which

was liberated from the limestone had found an easier vent from under

one part of the coin than the other, and from this part it poured
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forth in considerable quantity, and by its constant friction brolce off

small pieces of the coin, which lay in a heap adjoining. I must
observe that 'a very minute quantity of the purple oxide of gold

stained a part of the marble. In this Jatter experiment I placed a

glass strip, of three-fourths of an inch wide and some inches in length,

upon the two opposite edges of the glass jar containing the dilute

acid, and half an inch above the surface of the fluid, as I expected a
crystallization of sulphate of lime upon its under surface. I was not
disappointed, as the whole of the glass was covered with hundreds of
needle crystals of sulphate of lime from one end to the other. The
glass strip was placed in a line exactly corresponding to the line of
passage of the electric current, one end being over the positive wire,

and the other over the negative ; but every one of the crystals was at
right angles to the electric current, viz., in the magnetic direction.

" In the electric transfer of the earthy carbonates, and probably of
many other substances, the mechanical action of the gases evolved at
hoth poles of the voltaic battery is strikingly shown by supporting a
piece of clay-slate in a horizontal position, a few inches above each
termination

;
taking care that such piece of clay-slate is somewhat

below the surface of the fluid employed. In this way I have obtained
crystals of the carbonates of lime, strontia, and baryta, on the under
part of the clay-slate, suspended above hoth the positive and negative
terminations of the battery. The deduction I draw from these
experiments is, that a constant disturbance of the fluid electrically
acted on, is a powerful agent in the formation of minerals, and in
modifying the forms of matter. Some persons of high scientific

authority have suggested that this power may possibly account for
various hitherto unexplained phenomena in nature. It is my
intention to pursue this subject in its diflerent bearings."

(511) It was in the coTirse of his experiments on electro-crystal-
lization, that that extraordinary insect

about which so much public curiosity was
at the time expended, was first noticed by
Mr. Crosse. The following is his'account

of the experiment in which it first made
its appearance : A wooden frame was con-

structed, of about two feet in height, con-
sisting of four legs proceeding fr:om a
shelf at the bottom, supporting another
at the top, and containing a third in the
middle. A B, Pig. 205, represents two
of the four uprights, or legs, issuing from
the base G, supporting the moveable shelf

Fig. 205.
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D, whict shelf is kept in its place by four pins JE, passing tbrougli

the four uprights, and may be raised or lowered at pleasure. Each

of these shelves was about seven inches square. The upper shelf

was pierced with an aperture in which was fixed a funnel of "Wedge-

wood ware, O, within which rested a quart basin, on a circular piece of

mahogany placed within the funnel. When this basin was filled with

fluid, a strip of flannel, wetted with the same, was suspended over the

edge of the basin and inside the funnel, which, actiog as a syphon, con-

veyed the fluid out of the basin through the funnel in successive drops.

The middle shelf of the frame was likewise pierced with an aperture,

in which was fixed a smaller funnel of glass, L, containing a piece of

somewhat porous red oxide of iron from Vesuvius, K, immediately

under the dropping of the upper funnel. This stone was kept con-

stantly electrified by means of two platinum wires, M N, on either

side of it, connected with the poles of a voltaic battery of nineteen

pairs of five-inch zinc and copper plates, excited by water only. The

lower shelf supported a wide-mouthed bottle o, to receive the drops

as they fell from the second funnel. When the basin was nearly

emptied, the fluid was poured back again from the bottle below into

the basin above, without disturbing the position of the stone. The

fluid with which the basin was filled was made as follows :—A piece

of black flint was reduced to powder, having been flrst exposed to a

red heat, and quenched in water. Of this powder, two ounces were

taken and fused with six ounces of carbonate of potash :
the soluble

glass formed was dissolved in boiling water, diluted, and hydrochloric

acid added to supersaturation, the object being to form, if possible,

crystals of silica at one of the poles of the battery. On the four-

teenth day &om the commencement of the experiment, Mr. Crosse

observed, through a lens, a few small whitish excrescences or nipples,

projecting from about the mindle of the electrified stone, and nearly

under the dropping of the fluid above. On the eighteenth day these

.projections enlarged, and seven or eight filaments, each of them

longer than the excrescence from which it grew, made their appear-

ance on each of the nipples. On the twenty-second day these

appearances were more elevated and distinct ; and on the twenty-

sixth day each figure assumed the form of a perfect insect, standing

erect on a few bristles which formed its tail. Till this period Mr.

Crosse bad no notion that these appearances were any other than an

incipient mineral formation ; but it was not until the twenty-eighth

day when he plainly perceived these little creatures move their legs,

that he felt any surprise. When an attempt Avas made to detach

them from the stone, they immediately died ; but in a few days they

separated themselves, and moved about at pleasure. In the course
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of a few weeks about a hundred of them made their appearance on
the stone : at first, each of them fixed itself for a considerable time
in one spot, appearing to feed by suction, but when a ray of light
from the sun was directed upon it, it seemed disturbed, and removed
itself to the shaded part of the stone Mr. Crosse adds " I
have never ventured an opinion as to the cause of their Urth ; and for
a very good reason—I was unable to form one. The most simple
solution of the problem which occurred to me was, that they arose
from ova deposited by insects floating in the atmosphere, and that
they might possibly be hatched by the electric action. I next
imagined, as others have done, that they might have originated from
the water, and consequently made a close examination of several
hundred vessels filled with the same water as that which held in
solution the siHcate of potassa. In none of these vessels could I
perceive the traee of an insect of that description. I likewise closely
examined the crevices and most Fig. 206.

dusty parts of the room with no
better success."

(512) In subsequent experi-

ments, this same insect (which
it appears is of the genus acarus,

but of a species not hitherto ob-

served, and of which a magnified

representation is given in Tig.

206) made its appearance in

electrified solutions of nitrate

and Sulphate of copper, of sul-

phate of iron, and sulphate of
zinc ; also on the wires attached

to the poles of a battery working
in a concentrated solution of

silicate of potassa, as shown in Pig. 207; also mfluo-silicic acid in
Fig. 207.

'

Fig. 208. Fig. 209.

the arrangement shown in Pig. 208, in which a glass basin is shown
partly fiUed with fluo-silicic acid, to the level 1 : 2, a small porous

0 0
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pan made of the same materials as a garden-pot, partly filled with the

same acid to the level 2, with an earthen cover, 3, placed upon it to

keep out the light, dust, &c.: 4, a platinum wire connected with the

positive pole of the battery, with the other end plunged into the acid

in the pan, and twisted round a piece of common quartz
;

the

platinum wire passes under the cover of the pan : 5, a platinum wire

connected with the negative pole of the same battery, with the other

end dipping into the basin an inch or two below the fluid, and, as

well as the other, twisted round a piece of quartz. After eight

months' action, Mr. Crosse perceived two or three insects in their

incipient state, appearing on the naked platinum wire at the bottom

of the quartz in tie glass hasin at the negative pole. In Pig. 209 a

magnified view is given of the wire, &c., 1 being the platinum wire

;

2, the quartz
;

3, the incipient insects. At the suggestion of Mr,

Crosse, some of these experiments were repeated by the late Mr.

Weekes, of Sandwich, by passing currents of Electricity through

vessels filled with solutions of silicate of potash, under glass receivers

inverted over mercury, the greatest possible care being taken to

shut out extraneous matter, and in some cases previously filling the

receivers with oxygen gas. The general result was, that after an

uninterrupted action of upwards of a year, insects made their appear-

ance in every respect perfectly resembling those which occurred in

the Broomfield experiments, as the author can testify, having had

many opportunities of examining each. In some of Mr. Weekes's

later experiments, the acarus made its appearance in solution of

ferrocyanuret of potassium. Similar experiments were made by the

author, and were continued for upwards of sixteen months. He did

not succeed in obtaining the insects witJdn the bell jars which covered

the solutions undergoing electrolysis, but several, precisely similar to

those of Crosse and Weekes, were repeatedly found on, and about,

the terminal cells of the battery.

(513) The following account of some of his more recent experi-

ments, in which acari made their appearance, has been kindly com-

municated by Mr. Crosse :—
, i -i w

« I calcined black gun flints, in a crucible, flung them while hot

into water ; I then dried and reduced them to powder. Of this

powder I took one ounce, to which I added three ounces of car-

bonate of potassa, and intimately mixed them. I then projected the

whole by separate portions, into a heated crucible, till the whole was

in perfect fusion, which fusion I kept up for five hours, increasing

the heat until it exceeded that sufiicient to melt cast iron. I then

removed the crucible and allowed the contents to become so id

which formed into a pale green transparent glass ;
while stiil hot, i
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broke them into pieces. These liot pieces I threw into a vessel of

boiling distilled water, which entirely dissolved them, and I took

care that the water should be nearly saturated: we will call this

silicate of potassa A : and I made use of it, as hereafter described,

whilst it was still liot. I had previously prepared an apparatus to

act electrically upon this fluid. It consisted of a common tubulated

glass retort, supported in a frame contrived to keep it in the same
position as when used in distillation. The beak or long end of this

retort rested in a small cup of pure mercury, from which proceeded

a platinum wire, which passed up through the whole length of the

retort, and when it reached the bulb, was bent, at right angles, so as

nearly to touch the bottom of the bulb. Tlie glass tube, which fitted

air tight into the neck of this retort, had a platinum wire passed

straight through it, the upper part of which was hermetically sealed

into the upper part of the tube, and the lower part of the wire was
continued downwards so as nearly to touch the bottom of the bulb.

These two platinum wires were thus placed parallel to each other

within the bulb of the retort, and at the distance of about two inches

from each other. The wire which passed through the neck was then
connected with the positive pole of a small sustaining sulphate of

copper battery of six pairs of cylinders ; and the mercury, from which
proceeded the longer wire, which passed through the whole length of
the retort, was connected with the negative pole. Of course no
electric action could take place, until the bulb of the retort was filled

more or less with a conducting medium. When all was ready I poured
the solution A, still Tiot, into the bulb of the retort, having tempo-
rarily removed the tube in the neck for that purpose, and carefully

fitted it again, it being accurately ground so as to fit air-tight. The
bulb was about one-half filled with A. As soon as the bulb was
filled as related, an electrical action commenced at both wires.
Oxygen and hydrogen gases were liberated: the volume of atmospheric
air in the retort was soon expelled, and a continual but slow succes-
sion of oxi-hydrogen gas bubbles passed through the cup of mercury
into which the end of the retort was dipped, which lasted during the
whole continuance of the experiment. Every care had been taken
to avoid atmospheric contact, and admittance of extraneous matter,
and the retort itself had been previously washed with hot alcohol
This apparatus I placed on a shelf, in a dark subterranean cellar, and
I examined it carefully every two or three days. After some weeks'
action, gelatinous silica collected in some quantity around the end of
the positive wire, but I discovered no sign of incipient animal for-

niation, until, on the 140th day after the commencement of the expe-
riment, I plainly distinguished one fat acarus actively crawling about

c 0 2
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wWlin the bulb of the retort, and above the fluid, on the upper part

towards the neck. I held a lighted lamp behind the bulb with one

hand, and examined every portion of it, by means of a common lens

held in my other hand. When first I observed this little creature I

thought it might be outside the bulb, and I passed my finger several

times over it—but no, it was plainly and distinctly within the bulb,

and was as active as possible. I never saw it again, and in spite of

the closest examination and the continuance of the experiment for a

whole twelvemonth, I never detected another. And now I found that,

in spite of all my caution, I had committed a great error in the per-

formance of this experiment, that is, I had omitted to insert within

the bulb of the retort, a resting place for these acari, should any

appear, for them to dwell upon. I have no doubt but that tbe one I

saw, and perhaps others, had fallen down into the fluid and were

destroyed. I ground this opinion upon two facts. First, I had

observed in former experiments that if I let fall by means of a small

camel's hair brush, one of those acari into the fluids, under which he

had been born, he was immediately drowned—and secondly, my late

friend Mr. Weekes, had made similar observations ;
mureover, it was

not an easy matter to detect aU the acari in tbe bulb of a retort

which contained nearly a pint of fluid, by means of a lens with a

short focal power. It is strange that in a solution eminently caustic

and under an atmospere of oxi-hydrogen gas, one single acarus should

have made his appearance.

" I shall now make mention of the last experiment I have made

in which acari appeared, but which, I should observe, were quite

unexpected by me. I had previously been trying some experiments

upon sheep's wool, by passing the Electric current from a small sus-

taining battery through two porous pots, filled with salt and water,

standing on a glass vessel side by side, which vessel was filled with

the same fluid. These two porous pots were kept respectively posi-

tive" and negative by platinum wii-es, connected with the opposite

poles of the battery ; and a small lock of wool was attached to the

end of each wire. When the electric action began, the chlorine of

the salt went of course to the positive pole, and the wool there sus-

pended was impregnated with it, while at the same time the soda

went to the negative pole, and similarly impregnated the wool in

that porous pot. At the expiration of three weeks, I removed both

locks of wool from their respective pots, and plunged the one just

taken from the positive pot, and impregnated with chlorine into the

negative pot, where it was, to my surprise, dissolved in an instant. I

repeated tliis with fresh locks of wool, first moistening them in the

positive pot, and after a short time, letting them fall into the nega-
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tive, where they were dissolved but more slowly than at first. I

continued this till the fluid in the negative pot would dissolve no
more wool, after which I removed and filtered it. The solution was
of a fine yellow colour, exactly similar in appearance to that of chlo-

ride of gold, and it was perfectly transparent. This solution I shall

call B. It smelt rather strongly of chlorine, and with it I made the

following experiment, with a view to decompose the solution, but not

expecting animal life to appear during the process : I filled a

tumbler with B, into which I immersed a small porous pot, filled with
the same solution, and kept positive by a platinum wire connected
with a small sustaining battery of three pairs of plates. Into this

tumbler I let fall a piece of white quartz attached to a platinum wire,

and connected with the negative pole ofthe same battery. This tumbler
I placed in a tea saucer, and inverted a glass jar over the tumbler,

which rested on the saucer, and the two wires of platinum which
conducted the electric current passed between the bottom of the

glass jar and the upper surface of the saucer. I made this arrange-

ment merely to keep out the dust. This was set in actibn on June
10th, 1853. Some weeks afterwards, an assemblage of crystalline

matter, some of which was perfectly transparent, and some white and
opaque, formed upon that part of the negative platinum wire from
which the quartz was suspended—not that portion which was immersed
in B, but that part of the wire which was bent outside the tumbler
to enable it to pass under the inverted glass jar in its passage to the
negative pole. These crystals increased in size and number for some
months, but are now somewhat diminished. It is difficult to describe

their form properly
;
they are partly four-sided prisms, but curved in

various directions, and they appear of small specific gravity. There
is a constant faint smell of chlorine proceeding from the small aper-
ture between the bottom of the inverted glass and the saucer. The
crystals are discernible at some distance without the aid of a lens

;

in fact, some of them are occasionally half an inch in length, and
occasionally much less, and they vary in size in proportion to the
greater or less temperature of the room and the greater or less
moisture which exists under the inverted glass jar, and which is occa-
sioned by the slower or quicker evaporation of the fluid B in the tum-
bler. On the 27th of January, 1854, on examining this apparatus, I
distinctly saw one perfect acarm, and some others in difierent stages,
by means of a lens

; but no movement was perceptible in the per-
fect insect. I took a drawing of these appearances. A week or two
afterwards, I discovered another perfect acarus, but like the former,
without motion. Both these acari, as well as others that afterwards
appeared during this experiment, were on the interior of the inverted
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glass jar wbicli covered tbe tumbler, and were constantly in an

atmosphere impregnated witb chlorine, which was continually renewed

by the electric action, which was always more or less causing

its evolution from the fluid B. The limbs of the perfect aeari were

extended in a natural position, and they appeared in all respects hke

living insects, but without motion. Some of my friends who examined

them with a lens, fancied they perceived a movement, but I believe

this was a mistake, as they remained in their respective situations

from the time I first saw them to the present date, Pebruarj^ 5th,

1855. This has never occurred to me before. Whether the chlorine

prevented their complete animation I cannot say. I must here

observe that, although I have seen these acari during many previous

experiments, I have never known them to make their appearance

before, except during the warmer months of the year, say from April

to October, both months inclusive. The least approach of frost has

either prevented their birth or destroyed them when living
;
but on

this occasion the result was entirely different, although the acari

were precisely of the same kind as those I usually observed. There

are at present three perfect acari, and some incipient ones, and they

are perceptible by means of a common lens. This experiment is still

continuing, and although the temperature of the situation m
which the apparatus is placed, has been for some days past nearly

down to the freezing point, not the least alteration is perceptible m

the acari. I did expect during the warm months of last summer

that they would have been in an active state, but this has not taken

place."
, .

(514) Among the most interesting of Mr. Crosse s experiments,

are those in which he has imitated in a most extraordinary manner,

" constant" and " intermittent" springs with the aid of the voltaic

battery. The experiments were made in the following manner :—
'

1°. A common garden-pot full of moistened pipe-clay was placed

in a basin full of water : a platinum wire connected with the negative

extremity of a sulphate of copper battery of twelve pairs of plates,

each two inches long by one inch wide, was placed three inches

deep into the middle of the clay ; and a second platinum wire con-

nected with the positive pole, was plunged into the water in the

basin to the same depth. Within a fortnight fissures took place m

the clay in contact with the negative wire ;
and m six or eight

weeks, these fissures filled with water, which was drawn up two

inches above the level of the water in the basin. A smaU pool of

water was formed round the negative wire, which at last overflowed

and trickled constantly into the basin below. Here, then, was a

constant electrical spring.
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2°. Here the experiment was varied; but the apparatus was

precisely similar. In this, both wires were plunged three inches

deep into the same pot of moist pipe-clay, at the opposite sides, but

about three-quarters of an inch from each side. "Within a fortnight,

fissui'es took place at the negative, but none at the positive wire.

In a month or six weeks more, these fissures filled with water, which

overflowed, and after a day or two ehbed, and then again overflowed,

and so on, being apparently acted on by change of weather. Mr.

Crosse generally found the spring overflowing when the barometer

was very low, and the reverse when it was high. Here then was an

electrical intermittent spring,

(515) In subsequent experiments, Mr. Crosse found it better to

employ porous earthen pots, open at the top and bottom, filled

within an inch of the top with pipe-clay kneaded with water to the

consistence of putty, and plunged into a basin—three platinum

wires issuing from one stout wire connected with the negative

extremity of the battery, being plunged three inches deep into the

clay ; and a group of six platinum wires issuing from one connected

with the positive pole, being immersed to the same depth in the

water. With this arrangement, if the battery is active, the water

will rise in one night half an inch above the surface of the clay

in the pot, the lip of which, together with the whole rim, to the

depth of an inch, is glazed. Fnder the lip is placed a small shoot of

sheet copper, to convey the water, as it falls drop by drop from the

lip, to a graduated glass vessel. In one experiment, Mr. Crosse

mixed dilute - sulphuric acid with pipe-clay instead of distilled water.

Not one drop of water was raised upwards to the negative wire ; but

the water in the basin, which was also acidulated with the same acid,

was changed to a most beautiful rose-red. In a letter received from

Mr. Crosse, addressed to the author, in the beginning of the year

1840, he says :
" My two springs—the one constant, the other inter-

mittent—are in as good action as ever. The intermittent one over-

flows generally when the barometer is somewhat below 29° ; and is

generally dry when the barometer is above that point. A row of

open porous pitchers being filled with pipe-clay, all their lips turned

the same way and all negatively electrified, may yield a succession of

drops, which being collected in a shoot, may be used to turn a small

water-wheel, thus producing perpetual motion; and provided the

power he found equivalent to produce such increased effect, it may be

applied in the most important ways. Also, the fissures formed in

the clay at the negative pole, may be converted into metallic lodes,

by mineralizing the water in the basin with metallic and other

solutions : this I have already done.'"
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(516) The author's first repetition of these extraordinary experi-

ments was not attended with successful results. By employing,

however, a salt-and-water battery, of forty pairs, the observations of

Mr. Crosse were verified in a most satisfactory manner. After a

continued action of about eight weeks, several ounces of water were

drawn to the negative wire upwards of three inches above the level

of the water in the exterior basin ; and after the lapse of thirteen

weeks there was a continual flow of water over the top and sides of

the porous jar, amounting to upwards of an ounce daily. Common
river-water was employed to fill the basin and to knead the pipe-

clay. The odour of chlorine from the positive wire was very marked.

(517) The motion of fluids from the positive to the negative pole

of the closed voltaic circuit has more recently been investigated by

Wiedemann. (^Silliman's Jov/rnal, Nov.' 1852; I^hil. Mag., N. S.,

vol. iv. p. 546.) The apparatus employed by this physicist consisted

of a porous earthenware cell, closed at the bottom, and terminated

above by a glass bell, firmly cemented to the upper edge of the

cylinder. Into the tubulure of the bell a vertical glass tube was

fitted, from which a horizontal tube proceeded so as to permit the

fluid raised to flow over into an appropriately-placed vessel ; a wire,

serving as the negative pole of a battery, passed dovm through the

glass bell into the interior of the porous cylinder, where it termi-

nated in a plate of platinum or copper. Outside the porous cylinder

another plate of platinum was placed, and connected with the

positive pole of the battery. The whole stood in a large glass vessel,

which, as well as the interior porous cylinder, was filled with water.

The intensity of the current was measured by a galvanometer. As

soon as the circuit was closed, the liquid rose in the porous cylinder

and flowed out from the horizontal tube into a weighed vessel. The

results are summed,up by "Wiedemann as follows :
1"*. The quantity

of fluid which flows out in equal times is directly proportional to the

strength of the current ; 2°. Under otherwise eqyal conditions, the

quantities of fluid flowing out, are independent of the magnitude of

the conducting porous surface ;
3°. The height to which a galvanic

current causes a fluid to rise is directly proportional to the extent of

the porous surface ; 4°. The force with which an electric tension

present upon both sides of a section of any given fluid, urges the

fluid from the positive to the negative side, is equivalent to a hydo-

static pressure which is directly proportional to that tension.

The above laws only hold good for fluids of the same nature.

When different fluids are subjected to the action of the currents,

the mechanical action is greatest upon those which oppose the

greatest resistance to its passage.
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(518) To return to the consideration of the secondary results of

decomposition : it appears that there are two modes by wliich sub-

stances may be decomposed by the voltaic battery
;

1st, by the direct

force of the current ; and 2ndly, by the action of bodies which that

current may evolve. There are also two modes by which new com-

pounds may be formed, i. e. by combination of evolving substances

whilst in their nascent state directly with the matter of the elec-

trodes ; or else their combination with those bodies, which being

contained in, or associated with, the body suffering decomposition,

are necessarily present at the anode and cathode. When aqueous

solutions of bodies are used, secondary results are exceedingly

frequent. They are not, however, confined to aqueous solutions, or

cases where water is present. Whenever hydrogen does not appear

at the cathode, ip. an aqueous solution, it always indicates that a

secondary action has taken place there.

(519) A series of admirable papers, on the electrolysis of secon-

dary compounds, was published in the Philosophical Transactions by
the late professor DanieU, of King's CoUege. The primary object of

these researches was, the determination of the relative proportions of

the decompositions both of water and salt, when various saline solu-

tions were subjected to the action of the voltaic current, and their

relation to the amount of electrolytic force in action, with a view to

increase our knowledge of the constitution of saline bodies in general.

(520) Prom an elaborate series of experiments on the sulphates of
soda, potash, and ammonia, phosphate of soda, nitrate of potash, &c.,
it appeared, " that in the electrolysis of a solution of a neutral salt

in water, a current which is just sufficient to separate single equiva-
lents of oxygen and hydrogen from a mixture of sulphuric acid and
water, will separate single equivalents of oxygen and hydrogen from
the saline^ solution, while single equivalents of acid and alkali will
make their appearance at the same time at the respective elec-
trodes;" and further experiments showed, that whenever dilute sul-
phuric acid is used, there is a transfer of acid towards the zincode or
anode, the quantity scarcely ever exceeding the proportion of one-
fourth of an equivalent, as compared with the hydrogen evolved.
Mr. DanieU thought possibly this might be owing to the acid being
mechanically carried back to the platinode (cathode), as in all cases
there is a mechanical connection of the liquid from the anode to the
cathode

;
and this is greater in proportion to the inferiority of its

conductmg power. If, however, this deficiency of acid were owing
to the mechanical re-transfer, mechanical means, such as increasing
the number of diaphragms, would stop it: the proportion, however,
was, even under these circumstances, still maintained. No difierence
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was observed, whether the oxygen was allowed to escape from a

platinum anode, or whether it was absorbed by copper or zinc : the

metals, of course, being dissolved in proportions equivalent to the

hydrogen developed at the cathode. Solution of potash, baryta, or

strontia, similarly treated, exhibited a transfer of about one-fourth of

an equivalent towards the cathode.

(621) In order to remove the ambiguity which might thus possibly

be conceived to arise from the employment of dilute sulphuric acid,

as the measurer of the electrolytic force, the following arrangement

was substituted for the voltameter: a green glass tube (into the

bottom of which, as a cathode, was welded a weighed platinum wire)

was filled with chloride of lead, maintained in a state of fusion by a

spirit-lamp ; the corresponding anode was made of plumbago. At

the termination of the experiment, the tube was broken, the wire

and adhering button of lead weighed ; and the result showed, that

" the same current which is just sufficient to resolve an equivalent of

chloride of lead, which is a simple electrolyte unaffected by any asso-

ciated composition, into its equivalent ions, produces the apparent

phenomena of the re-solution of water into its elements, and at the

same time, of an equivalent of sulphate of soda into its proximate

principles."

(522) Aqueous solutions of the chlorides were next tried, as the

simple constitution of this class of salts promised to throw light

upon the nature of the electrolysis of secondary compounds. A
weighed plate of pure tin was made the anode of a double cell of

peculiar construction, which was charged with a strong solution of

chloride of sodium, and a tube of fused chloride of lead, as before,

included in the circuit. Not a bubble of gas appeared on the tin

electrode, and no smell of chlorine was perceptible ; but hydrogen in

equivalent proportion to the quantity of tin dissolved, was given off

at the cathode ; and the cell contained an equivalent proportion of

free soda. One equivalent of lead was reduced in the voltameter

tube. Muriate of ammonia treated in the same way, gave precisely

similar results, proving it to be " an electrolyte," whose simple anion

was chlorine and compound cathion nitrogen, jvith four equivalents

of hydrogen. Its electrolytic symbol, therefore, instead of being

(CI -I- H) + (N + 3 H) is 01 + (N + 4 H), confirming, in a

striking manner, the hypothesis of Berzelius, of the base (N + 4 H)

called ammonium.

(523) In discussing the results of all these experiments, we must

bear in mind the fundamental principle, " that the force which we

have measured by its definite action at any one point of a circuit,

cannot perform more than an equivalent proportion at any other
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point of the same circuit." " The sura of the forces which held

together any number of ibtis in a compound electrolyte, could, more-

over, only have been equal to the force which held together the

elements of a single electrolyte, electrolyzed at the same moment in

one circuit."

(524) In the electrolysis of the solution of sulphate of soda, and

many of the other salts, water seemed to be electrolyzed ; at the

same time acid and alkali appeared in equivalent proportion with the

oxygen and hydrogen at the respective electrodes. " We must con-

clude," says Mr. Daniell, " from the above-mentioned principle,

that the only electrolyte which, yielded, was the sulphate of soda,

the ions of whicb were not, however, the acid and alkali of the salt,

but an anion, composed of an equivalent of sulpbur and four equiva-

lents of oxygen, and the metallic cathion, sodium. From the former,

sulphuric acid was formed at the anode, by tbe secondary action and

evolution of one equivalent of oxygen ; and from the latter, soda at

the cathode, by the secondary action of the metal and the evolution

of an equivalent of hydrogen."

(525) To avoid circumlocution (but only when speaking of elec-

trolytic decomposition), Mr. Daniell proposes to adopt the word ion,

introduced by Dr. Faraday, as a general termination, to denote the

compounds which in the electrolysis of a salt pass to the anode ; and

that they should be specifically distinguished by prefixing the name
of the acid slightly modified, as is sbown in the following table :

—

Ordinary Chemical Formula. Electrolytic Formula.

Sulphate of copper (S+ 3 0) + Cu+ 0) = S+ 4 0) + Cu oxysulphion of copper.

Sulphate of soda (S+3 0) + (lSra+0) = (S + 4 0.)+Na oxysulphion of sodium.

Nitrate of potassa (N+ 5 0)+ (Ka+ 0) = (N+6 0) +Ka oxynitrion of potassium.

Phosphateof8oda(P+ 3|0)+(Na+0) = (P+ 4iO) + ]Sra oxyphosph. of sodium.

(526) The following experiments, strongly favouring the above
view, were made by Professor Daniell :—
A small glass beU, with an aperture at top, had its mouth closed,

by tying a piece of membrane over it. It was half filled with a dilute

solution of caustic potassa, and suspended in a glass vessel, contain-

ing a strong neutral solution of sulphate of copper, below the surface

of which it just dipped. A platinum electrode, connected with the
last zinc rod of a large constant battery of twenty cells, was placed
in the solution of potassa ; and another connected with the copper
of the first cell was placed in the sulphate of copper immediately
under the diaphragm which separated the two solutions. The circuit

conducted very readily and the action was very energetic. Hydro-
gen was given off at the cathode in the solution of potassa, and
oxygen at the anode in the sulphate of copper. A small quantity of
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gas was also seen to rise from the surface of the diaphragm. In
about ten minutes, the lower surface of the membrane was found

beautifully coated with metallic copper, interspersed with oxide of

copper of a black colour, and hydrated oxide of copper of a light

blue. The explanation of these phenomena is this—In the experi-

mental cell we have two electrolytes, separated by a membrane,

through both of which the current must pass to complete the circuit.

The sulphate of copper is resolved into its compound anion, sulphuric

acid + oxygen (oxysulphion), and its simple cathion, copper. The

oxygen of the former escapes at the zincode, but the copper in its

passage to the platinode, is stopped at the surface of the second

electrolyte, which, for the present, we may regard as water, improved

in its conducting power by potassa. The metal here finds nothing

by combining with which it can complete its course
;

but, being

forced to stop, yields up its charge to the hydrogen of the second

electrolyte, which passes on to the cathode, and is evolved. The

corresponding oxygen stops also at the diaphragm, giving up its

charge to the anion of the sulphate of copper. The
.
copper and

oxygen thus meeting at the intermediate point, partly enter into

combination, and form the black oxide; but from the rapidity of the

action, there is not time for the whole to combine, and a portion of

the copper remains in a metallic state, and a portion of the gaseous

oxygen escapes. The precipitation of blue hydrated oxide doubtless

arose from the mixing of a small portion of the two solutions.

Nitrate of silver, nitrate of lead, proto-sulphate of iron, sulphate of

palladium, and proto-nitrate of mercury, were similarly treated, and

afforded analogous results, somewhat modified by the nature of the

metallic base. Sulphate of magnesia was subjected to the same

process in hopes of finding n^agnesium, but magnesia alone was

deposited.

(527) The theory of ammonium, as proposed by Berzelius, and

the hypothesis of Davy, developing the general analogy of all salts,

whether derived from oxyacids or hydracids, may, by this evidence,

especially when taken in conjunction with the recent researches on

the constitution of organic bodies, be considered as almost experi-

mentally demonstrated.

(528) The bisalts yield results which, at first sight, do not accord

with the preceding deductions: a strong solution, for example, of

pure crystallized bisulphate of potassa was made, and its neutralizing

power carefully ascertained by the alkalimeter. Evaporation and

ignition with carbonate of ammonia, gave the quantity of neutral

sulphate yielded by a certain measure of the solution. An equal

measure was then placed in each arm of the double diapliragm



daniell's beseabches. 397

cell,* and the current passed through till 70-8 cubic inclies of mixed
gases were collected : half the solutions from the anode and cathode

were then separately neutralized, and half evaporated and ignited in the

vapour of carbonate of ammonia. It was then found that the anode
had gained eighteen grains, and the cathode lost nineteen of free

acid: of potassa, the anode had lost 9 9 grains, and the cathode
gained an equal quantity. Thus, though the solution conducted Very
well, not more th^ one-fifth of an equivalent of the potassa was
transferred to the cathode, as compared with the hydrogen evolved

;

while Tialf an equivalent of acid was transferred to the anode a
whole equivalent of oxygen was evolved. On this experiment Mr.
Daniell remarks :

—

" I think we cannot hesitate to admit, that in this case the current
divided itself between two electrolytes, that a part was conducted by
the neutral sulphate of potassa, and a larger part by the sulphuric
acid and water. It is a well knovm fact, that the voltaic current will
divide itself between two or more metallic conductors in inverse pro-
portion to the resistance which each may ofier to its course : and that
it does not in such cases choose alone the path of least resistance.
Analogy would lead me to expect a similar division of a current
between two electrolytes; but I am not aware whether such a
division has ever before been pointed out,"

* This apparatus, which was found by Daniel very useful in his experiments on
the electrolysis of secondary compounds, is shown in Fig. 210, and is thus
described by its author {Introduction to Chemical Philosophy, 2nd edit,, p. 533) :—

Fig. 210.

A and B are the two halves of a stout glass cylinder, accurately ground so as to fit
into two half cylinders, which, when adjusted, cover it entirely. The two rims
of the ring are each cut down to a shoulder, to admit of a thin piece of bladder
being tied over them to form a kind of drum. At K is a small hole to admit of
the cavity being filled with a liquid. D and E are two stout bent tubes, fitted to
the two half cylinders, for collecting the gases evolved in the experiments •

qand h are two circular platinum electrodes, connected with the battery by the
wires ^ f. The apparatus, when adjusted, forms three compartments, each ofwhich may be filled with the same or a different Uquid, and the whole may be
supported on a wooden frame, •
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(529) These considerations enable us to explain the apparent

anomalies in the electrolysis of diluted sulphuric acid and alkaline

solutions alluded to. The results are explained by supposing that

the solution is a mixture of two electrolytes : with sulphuric acid,

they are H + (S + 4 0) oxysulphion of hydrogen
;
(H + 0) water.

The current so divides itself, that three equivalents of water are

decomposed, and one equivalent of oxysulphion of hydrogen.

Analagous changes occur with the alkaline solutions, the alkaline

metal passing as usual to the cathode.

According to Professor Daniell's view of Faraday' s'beautiful ex-

periments with sulphate of magnesia (481), the first electrolyte was

resolved into a compound anion, sulphuric acid+ oxygen, which passed

to the anode, and the simple cathion magnesium, which on its passage

to the cathode was stopped at the surface of the water from not

finding any ion, by temporarily combinmg with which, it could be

further transferred according to the laws of electrolysis. At this

point, therefore, it gave up its charge to the hydrogen of the water,

which passed in the usual manner to the cathode, and the circuit was

completed by the decomposition of this second electrolyte. The

corresponding oxygen, of course, met the magnesium at the poiut

where it was arrested in its progress, and, combining with it,

magnesia was precipitated. This combination of the oxygen and

metal is looked upon by Professor Daniell as a secondary result, due

to the local afanity of the elements thus brought into juxta-position,

and in no way connected with the primary phenomena of the current,

which would have completed its course, whether this combmation

had taken place or not; e. whether magnesium and oxygen had

been separately evolved, or whether magnesia had been formed by

the combination of the two. It also seemed probable that, although

in the very slow action of this experiment this combination mvariably

took place, by varying the experiment so as to evolve metals possess-

ing different degrees of affinity for oxygen, and particularly by

shortening the time in which the evolution might take place, mstanees

might be found of some portion of the metal escaping this combina-

tion which would thus afford the most incontrovertible proof of the

point to be established. Professor DanieU was thus led to the

experiment above detailed.
-, ^ i^- j

(530) Voltaic reduction of ores. M.M. Dechaud and Gaultier de

Claubry in France, and Messrs. Napier, Ritchie, and Crosse m this

country have made metallurgical applications ofBecquerel's discovery

of the chemical actions determined under the influences of feeble

electric currents, and the latter gentlemen have patented their pro-

cesses. The following-are the data on which the apparatus of the
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French chemists is based : {Comptes Bendus, June 2, 1813.) If we
place upon each other two solutions, the one of sulphate of copper,

and the other of sulphate of iron, the former being the densest, place

in the sulphate of copper a plate of metal forming the cathode, and

in the sulphate of iron a piece of cast ii'on, and unite the two metals

by a conductor, the precipitation of copper immediately commences,

and is completed ii^a longer or shorter space of time, depending on
the temperature,

. or the concentration of the liquids, and on the

extent of the metal surfaces. In applying this process to metallurgy,

a wooden box lined with lead, or protected by proper varnish, eon-

tains the sulphate of iron ; an opening above introduces the liquid at

a given degree of density, and another below permits the concentrated

solution to pass away. Into this are immersed eases formed of a

frame the ends and bottom of which are of sheet lead, and the lateral

sides of which are furnished with a sheet of pasteboard ; a lower
opening gives entrance to the saturated solution of sulphate of
copper, and another opening higher up, gives exit to the exhausted
sulphate. In each case is placed a sheet of lead, between them, and
also on the outside of the two extreme cases are plates of cast iron

;

distinct conductors af&xed to each plate make it communicate with a
common conductor placed outside the apparatus. The two solutions

are supplied from appropriate reservoirs. The density of the liquids

is regulated once for aU, and the apparatus goes on working for

months together without requiring any kind of care ; at a tempera-
ture of 66° Pahr. 1-19 square yards of surface receives 2-2 lbs. of
copper in twenty-four hours. The metal is pure and constant in its

physical character. The Committee appointed by the French
Academy, consisting of M.M, Berthier, Dumas, and Becquerel,
reported favourably upon this process, remarking, however, that it

required that the ores to be transformed should be converted entirely
into sulphate, in which the whole industrial question consists,

(531) ThefoUomngis an extract from Mr. Eitchie's patent: (sealed
October 13th, 1844, enrolled April 10th, 1845

;
Repertory of Patent

Inventions, June, 1845.) " The solution of the calcined ore is placed
in a rectangular vessel of any required lecgth

; on the upper surface
is placed a solution of sulphate of iron to be used as the exciting
solution; thus prepared, the generating plate (a surface of cast iron),
is introduced, which is connected by copper or other conducting
material with a plate of lead or suitable metal, having an equal extent
of surface with the cast iron; and these plates or surfaces so con-
nected, being introduced into solutions in tlio vessels, the copper in
the solution wiU be quickly deposited. It will be found that in the
course of working, the solution of sulphate of copper, which at start-
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ing is a saturated solution, will become at its upper part lighter than

lower down, and the patentee prefers that it should be drawn off

when it has lost half its copper, and it is evident that the solution of

sulphate of iron, which at starting is made by mixing two parts of

water with one of saturated solution, will become, at its lower part,

of- greater specific gravity than the upper part ; and he prefers to

draw off the solution when it becomes as dense as the weaker solution

which is being drawn off."

(532) Mr. Napier's process is thus specified : {Bepertory of Patent

Inventions, Jidy, 1845.) "I take a large crucible, or other con-

venient vessel, made of an electro-conducting material ; those I have

used being plumbago (common black lead) ; the inside of this vessel I

line all round with a lute of clay, except the bottom, which I leave

uncovered ; the luting should be very thin, and laid on in two or

three coats, drying slowly between each, so as to prevent cracking.

"When the vessel is sufficiently luted and dried, I put therein (with

the usual fluxes) the regulus or calcined ore, which, when sulphurets

are used, should have been well roasted, so as to drive off as much as

possible of the sulphuret ; I then place the vessel with its contents in

an ordinary air-furnace, keeping up the heat until the mass is in a

state of fusion. In the meantime, I have prepared an ordinary voltaic

battery of copper and amalgamated zinc charged with acidulated

water, one part sulphuric acid, twenty-five parts water. To the

positive wire of this battery I attach an iron rod, having rivetted at

right angles to its extremity a flat disc of iron, the disc being a little

smaller than the inner circumference of the crucible ; to the negative

wire of the battery, I attach a simple rod or bar of iron. The matter

in the crucible being in a state of fusion and well fluxed, I place the

above-mentioned disc of iron, which vsdll now form the positive pole

of the battery, on the surface of the fused mass, and keep the rod

which is connected with the negative pole in contact with the outside

of the crucible, the bottom of which thus forms the negative pole.

The fused matter now forms a portion of the electric circuit, and the

heat being kept up, the metal is gradually reduced and deposited at

the bottom of the crucible. The proportions I have found suitable

are as follows : Tor every hundred weight of regulus of 30 per

cent, of metal, I employ a battery of five pairs of plates, the size of

the zinc plates being three feet square, and the copper doubled round

the zinc in the usual way. The size of the pole should be sraaUer

than the zinc plates. With apparatus of these proportions, the time

for extracting the metal varies from one to two hours. The metal

, extracted may be refined when necessary in the usual way."

(533) In the specification of his patent, Mr. Crosse describes his
so
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invention as follows: {Bepert. Pat. Invent. JSf.S. 21, p. 235.) "I
cause the ore to be calcined, and then reduced to powder, and I
employ an apparatus, consisting of a tub or vessel, which I prefer to
be of wood or earthenware

; at the bottom of this vessel I apply a
frame of strong platinum wii-e, of the dimensions of the interior of
the vessel

;
the frame has formed on it reticulate platinum wire-work

or netting, with mesljes of about an inch each way. The frame and
netting is lowered down on, and covers the ore placed on, the bottom
of the vessel

;
a platinum wire is connected to the frame, and also

with the positive pole of a DanieU's battery. The connecting
platmum wire is covered with gutta percha when working with cold
liqmd, and with other non-conductor when the Hquid is heated, from
the pomt where it is connected with the frame up to a point above
the vessel, so that the fluid within may not come in contact with the
wire. The battery which I have employed when acting with a vessel
contammg about 250 or 300 quarts of dHuted acid, consists of twenty
pan-s of plates, each in a gaUon glass vessel, which I fiU with a
saturated solution of sulphate of copper, and add one twentieth to
one-tenth of sulphuric acid. To the negative pole of the battery I
affix a copper wire, and to the other end of such wire I (by three or
more smaller ones) suspend a basin of wood whicli is lined on the
mside with sheet copper, and I cover this Hning with a cover of
copper-wire netting, which consists of about one-inch meshes - the
copper Immg is in contact with the suspending wires. Into' the
vessel I put about 230 to 235 quarts of dHuted sulphuric acid, using
about five quarts of sulphuric acid of commerce to 230 quarts of
water; mto this liquid I introduce about 151b. of the powder of
calcmed ore, stirring the fluid as the powder descends.

" I have found it desirable that the ores should remain in the dilute
acid some three or four days before subjecting the same to electric
currents, stn-ring from time to time; after which, and immediately
after stirring, I introduce the frame of platinum wire, and then thebattery being charged, the process of separating the copper will
immediately go on, and the copper wHl be received into the basin inthe form of a powder; the process of separating aU the copper
requires some days, and I have not found that the acid solutL
requires to be added to, during the process

; the other metals separatedfrom the copper will be in the sediment at the bottom of the vesseland when the process is completed, or judged to be completed, the
liquid IS run off with the remaining or sediment matter at the bottom
of the vessel and the vessel is again to be charged. If, on testing
the deposited matters, after they have been r.m off and allowed to
subside, they indicate a material .quantity of copper, I again calcine

D D
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them and add them to calcined ores, or a quantity of subsided matter

in the vessel may, before being run off from the bottom of the vessel,

be tested to ascertain whether it is desirable to carry on the process

further thereon. The dilute acid run off from the subsided matters

may be used again. I have found it desh-able to heat the Uquid

during the process as much as conveniently may be done, even up to

boiling, and this I have done when using earthenware vessels by

means of a sand-bath."

(534) Mr. Crosse has also patented a process " for extracting or

separating impurities or matters from fermentable, fermented, and

other liquids, by electric action." {Bep. Pat. Inven. N.S. 10, 1847, p.

231.) Supposing the liquid to be wine, or cyder, or other ferment-

able liquid, he immerses in the cask two porous tubes, the upper

part of which comes above the liquid ;
into one tube he places a

cylinder of zinc, and in the other a cyHnder or coil of iron, connect-

ing the two together by a metalUc strip. The tubes are then filled

with water ; an electric action is set up in the liquid which is con-

tinned till the necessary degree of attenuation has been obtained,

when the liquid is removed, casked off, and closed up. He states

that this process materially improves the character of the liquid, and

tends to prevent its becoming acid. In applying the- process to the

purification of sea water, he first causes the water to be distiiied

once, and then operates by electric action as above described; the

impurities of the water are precipitated, and gaseous matter is

evolved, and any acid and alkaline properties go to the porous tubes

;

the water is thus purified. The same gentleman has likewise patented

a process for applying electric or galvanic effects in the pots or

vessels in which hides or skins are under process of tannmg for an

account of which see Bepert. Fat. Invent. Il.S. 15, 1850, p. 35.

(535) mectro-metallurgy.—hi our historical account ot the sul-

phate of copper battery of Daniell it was stated, that on completing

the circuit, the electrical current passes freely through the metaihc

solution; that no hydrogen makes its appearance on the conducting

plate but that a beautiful pink coating of pure copper is deposited

on it and thus perpetually renews its sui'face. In the discovery of

this battery, then, we find the origin of electro-metallurgy ;
for it

appears that in his earlier experiments it was noticed by INlr. DanieU

that on removing a piece of the reduced copper from a platmum

electrode, scratches on the latter were copied with accuracy on the

copper, and Mr. De la Eue, later, in a paper in the Phd. Mag.,

detailii g some experiments with a voltaic battery of ordinary con-

struS, charged with sulphate of copper, made the observation

* Vol. ix. p. 484.
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that " the copper plate is covered vrith a coating of metallic copper,
which is continually being deposited;" and he proceeds to remark

.
" so perfect is the sheet of copper thus formed, that on being stripped

off it has the polish and even a counterpart of every scratch of the
plate on which it is deposited." On reading this passage at the
present time, when the art of electro-metallurgy is so extensively
practised, we can hafdly resist a feeling of surprise that the applica-
tion of the facts discovered by Daniell and De la Eue did not occur
to either of these gentlemen. They were, however, probably too
intent on the battery itself to attend to any collateral circumstances,
and it was left for Jacobi in Eussia, and Spencer in this country, to
do so. The process of the former distinguished philosopher was
called Galvanoplastio that of -Mr. Spencer, " Mectrographjy
And though it is quite certain that the discovery was made by each,
independent of the other, the priority must be given to Jacobi, who
states in the preface of his " Galvanoplastic,"* that it was in the
month of February, 1837, while prosecuting his galvanic investiga-
tions, that he discovered a striking phenomenon which presented
itself in his experiments, and furnished him with perfectly novel
views

;
and Mr. Spencer, in his pamphlet,t informs us that his first

results were obtained in 1838.

(536) The description of an original experiment is generally
interesting

;
it is always so when connected with a subject of much

practical importance. We shall therefore insert Mr. Spencer'?
account of his first successful experiment in electrography : J

"1
selected a very prominent copper medal. It was placed in a voltaic
circuit, and a surface of copper deposited on one of its sides to about
the thickness of a shiUing. I then proceeded to get the deposition
off. In this I experienced some difficulty, but ultimately succeeded.
On examination with a lens, every Hne was as perfect as the coin was
from which it was taken. I was then induced to use the same piece
agam, and let it remain a much longer time in action, that I might
have a thicker and more substantial mould, in order to test fairly the
strength of the metal. It was accordingly again put in action, and
let remain until it had acquired a much thicker coat of the metalHc
deposition; but on attempting to remove it from the medal, I found
I was unable. It had apparently completely adhered to it. I had
often practised, with some degree of success, a method of preventing
the oxidation of poHshed steel, by slightly heating it untH it would
melt fine bees' wax

:
it was then wiped apparently completely off

but the pores or surfaces of the metal became impregnated with the
• Translated from the German edition, by Wm. Sturgeon,
t Griffin's Scientific Miscellany, No. iv. p. 33. J See liis Pamph. p. 33.

D D 2
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wax. I tliouglit of this method, and applied it to a copper coin. I

first heated it, applied wax, and then wiped it off so completely that

the sharpness of the coin was not at all interfered with. I proceeded .

as before, and deposited a thick coating of copper on its surlace.

Being desirous to take it off, I applied the heat of a spmt-lamp to the

back, when a sharp crackling noise took place, and I had the satis-

faction of perceiving that the coin was completely loosened, in

short, I had a most complete and perfect copper mould of one side ot

a halfpenny."
, , ,r o

(537) The first kind of apparatus employed by l^Ir. Spencer was

Bimply a common tumbler to hold the copper solution, and a gas-glass

having one end closed with brown paper, or plaster of Pans to con-

tain the saline solution ; the coin to be copied, and a piece of zmc of

equal size, were attached to the extremities of a piece of copper wn-e.

The gas-glass being fixed in the axis of the tumbler, the zinc was

placed in it, and the copper wire bent in such a manner as to brmg

the coin immediately under it in the copper solution. The battery

process is subsequently described by Mr. Spencer, but he gives

no method of depositing copper on any surface bu a metallic

one. In Jacobi's pamphlet, however, which was published at St.

Petersburg in March, 1840, the use of plumbago, for
g^.-^S^J^^^-

ducting surface to non-metallic substances, and so enablmg them to

answer all the purposes of metallic originals, is distinctly alluded to

It appears, ho'wever, that Mr. Murray has
^^^^

introduced this discovery into this country; and the Society of Art

have recorded their sense of its value by presenting this gentleman

S a silver medal. The employment of the battery was first

suggested by Mr. Mason, who, by connecting a piece of copper mth

he anode in a second cell, the object to be copied bemg connected

with the cathode, showed that the quality of the copper was much

^tter than when reduced in the single cell apparatus besides the

^eat advantage that was gained by the unlimited number of opera-

Fig. 211. tions that may be going on at the same time.

(538) Pig. 211 represents the single cell apparatus.

^ is a rod of amalgamated zinc; m,the mould;

the wire joining them; c, the copper solution; p, a

tube of porous earthenware, containing a solution ot

acid and water. To put this in action, pour m the

copper solution, fill the tube with the acid water, and

place it as shown in the figure. Last of all put in the

bent wire, having the zinc at one end, and the mould

at the other. It is essential that the copper solution

be kept saturated, or nearly so ; with which view the
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perforated shelf must be kept well furnisliecl with crystals of sulphate

of copper. The mould must not be too small in proportion to the

size of the zinc, and the concentrated part of the solution must not

be allowed to remain at the bottom, or the copy will be irregular in

thickness.

Fig. 212 represents the battery apparatus. A is a cell of Daniell's

battery (or Smee's may be used) ; B is the decomposition cell, filled

Fig. 212.

with the dilute acid solution of sulphate of copper
;

c, the sheet of

copper, to furnish a supply
;
m, the moulds to receive the deposit. To

charge this, pour in the several solutions, and connect the wire z

with the copper^ sheet and the copper of the battery. Last of all,

attach the wire x to the zinc and the moulds. The charging liquid

IS a mixture of one part sulphuric acid, two parts saturated solution

of sulphate of copper, and eight parts water. When the circuit is

complete, the copper from the solution is transferred to the mould,

and the copper sheet is dissolved, being converted, with the sulphuric

acid, into sulphate of copper, thus keeping up the strength of the

solution. Eather a longer time is required by this method than
with the single cell, but two days will

produce a medal of very good substance,

firm and pliable: the time required,

however, for these experiments, depends

much on the temperature. If the solu-

tions are kept boiling, a medal may be

made ia a few hours : ia severe weather,

the action of the battery almost ceases,

and it is necessary to carry on the opera-

tions before a good fire.

Kg. 213 represents a form of electro-

type trough, to be used without acid or

mercury. ' It consists of a wooden box,

well varnished ia the iaterior, and divided

Fig. 213.
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into two unequal cells by a partition of porous wood. The larger

cell ia filled with a saturated solution of sulphate of copper; the

smaller, with a half saturated solution of muriate of ammonia. In

the former is a shelf, containing a supply of crystals. The zinc

plates employed for this are pure. This is a matter of some import-

ance, because there then is no need of amalgamation to destroy local

action ; and the instant the circuit is interrupted all action ceases.

Ordinary zinc may be used, but less power is obtained. This'form of

apparatus may be used as a single cell, or with a decomposition trough.

It must not be expected that the action will be equally quick with that

resulting from the addition of acid, but it will be sure—perhaps

more so than in the other instance ; for it must be borne in mind,

that in " electrotype manipulation the failure in nine cases out of ten

results from the power of the battery being too strong, and not from

its being too weak."

—

WalTcer.

j,jg_ 214. (539) For taking off cop-

per plates, the apparatus

shown in Fig. 214 may be

employed ; and by adopting

tbe arrangement shown in

Pig. 215, six electrotypes

may be taken off at the

same time. A is tbe bat-

tery, B the trough, z the

wire connecting the copper plate C witb the copper ceU of the

battery, x the wire connecting the mould with the zinc of the

battery, a o « a a five bent wires, each having a mould at one end,

and a piece of copper at the other. The following directions are

given by Mr. Walker for charging this trough. "Connect the

Fig. 216.

copper plate C witb the battery: place a wire witb its extreme ends

dipping in the extreme cells of the trougb; then, ha^dng previously

connected the zinc and mould with the wire x, place the zinc m the

porous cell, and the mould in its place at w; in about two minutes
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it will be covered with copper. After this there is no fear of chemical

action ; then remove the end of the copper wire from the cell con-

taining m, and place it in the next cell
;
complete the circuit with

the bent wire a, having a mould at one end, and a sheet of copper at

the other. After waiting two minutes for a deposit of copper, remove

the end of the wire one cell further forward ; and so continue, till the

six moulds are placed m." The advantage, in point of economy, from

using this form of decomposition trough, is at once apparent, when

it is remembered that for every ounce of copper released from the

solution in the generating cell, an ounce will be deposited on each

mould, and about an oimce of zinc will be consumed in effecting this.

"Whether, therefore, one, or six, or even twenty moulds be placed in

series, the same quantity of zinc will be required ; and hence, an

ounce of zinc may be made to furnish Electricity enough to produce,

according to the will of the experimenter, one, or six, or more medals,

each weighing an ounce. This follows immediately from the laws of

definite electro-chemical action, developed by Faraday,

(540) It may perhaps be almost unnecessary to remark that these

metallic deposits are all secondary results of the voltaic battery.

Water is the compound electrolyzed, and hydrogen the element

disengaged at the cathode by the direct action of the current ; but

this element re-acts on the metallic solution, combining with its

oxygen, and setting free the metal. Oxygen is also disengaged at

the anode, but it is not set free, because it immediately meets with

an element with which it can combine. So also in the processes for

gilding and silvering, where cyanides of gold and silver are employed,

the anodes being pure gold and pure silver. Cyanogen is the sub-

stance disengaged at the anode, and though itself a compound body,

it is capable of combining with these noble metals when presented to

them in its nascent state, and thus a quantity of metallic salt is

retained in the solution equivalent to that which is decomposed.

(541) The preparation of the argento and auro-cyanide sokitions

in Elkington's large electro-metallurgical establishment is as follows :

(^Napier.) The best yellow prussiate of potash is well dried upon an
iron plate, and then reduced to fine powder : carbonate of potash is

similarly treated
;
eight parts of the' former are well mixed with

three of the latter. They are placed in a hot iron pot on the fire,

and when melted, are covered and allowed to remain for about half

an hour ; the contents are then poured upon an iron plate, and form

the simple cyanide of potassium. Nitrate of silver is next prepared

and precipitated in the form of cyanide of silver by the careful

addition of cyanide of potassium ; it is well washed, and is now
dissolved in cyanide of potassiiim to form the argento-cyanide. The
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articles to be plated are first boiled in potash, then scoured with fine

sand, and afterwards passed through nitric acid, and washed in boil-

ing water. After a few seconds of electric action, they are brushed

with a scratch brush to perfect the cleansing, and are then replaced

to complete the plating, which process is accomplished in five or six

hours ; after which they are burnished. The auro-cyanide is not so

easy of preparation. The plan formerly adopted of dissolving oxide

of gold in cyanide of potassium is not adopted now. The solution is

prepared by electrolysis : a porous tube containing cyanide of potas-

sium in solution, is placed within a vessel of a similar solution

;

within the tube is a gold anode, within the vessel the cathode is

placed ; the liquid is electrolyzed, and the gold being dissolved, forms

the gilding solution, which is removed from the porous tube for use •,

when sufficiently saturated, the liquid in the outer tube becomes a

solution of potash. Electro-gilding is conducted with a solution at a

temperature of 123° Pahr. The mode of obtaining- solid silver copies

of articles much undercut is as follows : To twelve parts of glue,

carefully melted, are added three parts of treacle, and the whole is well

incorporated; an elastic mould of the object is taken; the object

being removed, a cast is made in the mould with a composition con-

sisting of three pounds of tallow and wax and half a pouijd of resin.

To this composition the power of reducing silver is given by mixing

with it some phosphorus dissolved in bisulphuret of carbon. It is

removed from the mould and dipped into nitrate of silver, and to

ensure success, is then dipped into chloride of gold, by which its

surface becomes covered with a metallic fibre. A certain substance

of copper is now deposited upon it, and the composition is melted

away. The inside of the copper mould is well cleaned, and its

outside is protected with a mixture of tallow and pitch, when it is

placed in the silver solution, and subjected to the action of the

voltaic current until a sufficient substance of metal is deposited.

The copper is now dissolved ofi" with a solution of percliloride of iron.

(542) Metallo-cliromes.
—"When acetate of lead is electrolyzed,

under peculiar circumstances, it gives rise to secondary results of a

particularly beautiful character : peroxide of lead is deposited at the

anode, and by carefully regulating the thickness of this compound, a

series of most magnificent colours may be produced on a plate of

l^igl^ly.polished steel. The process recommended by Mr. Gassiot, to

form these metallo-chromes, is this : Place the polished steel plate in a

glass basin, containing a clear solution of acetate of lead, and over it a

piece of card with some regular device cut out, as shown in Pig. 216.

A small rim of wood should be placed over the card, and on that a

circular copper disc. On contact being made from 5° to 20", with
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Fig. 216.

two or ttree cells of a small constant battery, the steel plate being

connected with the copper or silver, and the copper disc with the

ziQC, the deposit will be effected, and a series of exquisite colours

"will appear on the steel plate. These colours are not films of oxygen

and acid, as some have imagined, but lead, in a high state of oxida-

tion, thrown down on the surface of the steel, and the varied tiats

are occasioned by the varying thickness of the precipitable film, the

light being reflected through them from the polished metallic surface

below. By reflected light, every prismatic colour is seen ; and by

transmitting light, a series of prismatic colours complementary to the

first series will appear, occupying the place of the former series.

The colours are seen in the greatest perfection by placing the plate

before a window, and incliuing a sheet of white paper at an angle of

45° over it.

(543) Ozone.—Allusion was made in a former chapter (236) to a

peculiar odorous principle, developed during the passage of a torrent

of dense sparks of Electricity, between two metallic plates enclosed

iu a cylinder of glass. Every person who has been in the habit of

experimenting with a large electrical machine, must have remarked

this peculiar odour, particularly during the escape of positive Elec-

tricity from a point ; the same is perceptible when lightning has

struck an object ; and when a discharge from a large jar or battery is

sent through several sheets of paper, it is exceedingly strong. M.
Schoenbein appears to have been the first to notice that it accom-

panies the electrolyzation of water : and the phenomena connected

with its development have been minutely investigated by him, and by
other Electricians.

(544) The facts first ascertained by Schoenbein were these : {Bep.

Brit. Assoc. 1846.) J". The odoriferous principle developed during

the electrolysis of water is only disengaged at the positive pole, and

may be preserved for an unlimited time in well closed bottles 2°. It

is destroyed by heat and by a number of ozidizable bodies 3°. The
electrical brush has the same odour and properties, and both polarize

negatively gold and platinum. The principle is developed only in
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very minute quantities by electrical action, but by enclosing a piece

of phosphorus in atmospheric air at 60°, it is produced abundantly
;

but the air must not be dry, neither must there be present any

oxidizable substances. It is not produced in pure oxygen. The

peculiar smell is always produced in an atmosphere in which

phosphorus emits light.

(545) The following are the properties of ozone : It bleaches

without reddening blue litmus paper; it decolorizes solution of

indigo ; it is instantly destroyed by most metals, even silver is con-

verted into oxide. Phosphorus is oxidized by it into phosphoric acid,

iodine into iodic acid, and sulphurous and nitrous acids into sul-

phuric and hitric ; it decomposes, and is destroyed by, sulphuretted,

seleniuretted, and carburetted hydrogen ; it converts many protoxides

into peroxides ; it instantly liberates iodine from iodide of potassium
;

hence, iodized starch-paper is the best test for it ; it liberates bromine

from bromide of potassium, converts yellow into red prussiate of

potash, and many sulphurets into sulphates ; it is instantly destroyed

by most animal and vegetable substances. Air strongly charged

with ozone has a smell very similar to that of chlorine, bromine, and

iodine, and when much diluted with air, the odour cannot be distin-

guished from that developed near points of electrical emission.

Ozonized air is poisonous, acting on the animal system like chlorine.

A mouse speedily perishes when immersed in ajar impregnated with,

it. The oxygen from electrolyzed water is not ozonized if the water

is hot, nor if the electrodes are of oxidizable metals, nor if there be

any oxidizable substance present. The electrical brush does not

develop the odour if the point from which it is passing is heated not

quite red hot, but when the point is cooled the odour appears, and

with it all the properties of ozone, viz., bleaching action on iodine

starched-paper, electro negative polarization of platinum, &c., &e.

The odoriferous principle of the electrical brush is identical with that

disengaged at the positive electrode, and with the electro-negative

principle resulting from the action of phosphorus on moist atmos-

pheric air. No ozone is disengaged when the water electrolyzed is

thoroughly deprived of atmospheric air ; but no ozone is formed by

phosphorus in dry air, nor in pure oxygen
;
yet nitrogen is not

absolutely necessary, as that gas may be replaced by carbonic acid,

or by hydrogen, without stopping the generation of ozone.

The luminosity of phosphorus, in ordinary atmospheric air, is occa-

sioned by the ozonization of that substance
;
phosphorus possesses

the peculiar property of determining the formation of ozone out of

oxygen and aqueous vapour, and of subsequently decomposing it.

Phosphorus oxidizes in atmospheric air by the agency of ozone, aad
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this explains the reason why phosphorus does not shine in air con-

taining oxidizable substances, such as nitrous and sulphurous acids,

sulphuretted hydrogen, <fcc., bodies which take up or destroy ozone.

(546) From his first researches, Schoenbein came to the conclusion

that ozone is a compound of oxygen and water, an opinion likewise

entertained, as we sUall see presently, by the latest writer on the

subject, M. Baumert ; but its properties differ from those of Thenard's

peroxide of hydrogen, with which, however, Schoenbein thought it

probable that it might turn out to be isomeric. Ozone, doubtless,

plays an important part in the atmosphere. Iodized starch-paste is

decomposed, and becomes blue by exposure to the open air, but not

when enclosed in bottles of air, oxygen, or carbonic acid. The prin-

ciple which causes this elimination of iodine is ozone set free, and

continually developed in the atmosphere by the disturbance of the

natural electrical equilibrium, and by atmospheric Electricity, and

this principle would probably accumulate to an injurious extent but

for its continued removal by oxidizable substances, organic matters,

&c. ; and the oxidizing power of atmospheric air, so much greater

than that of pure oxygen, is, in a great measure, to be attributed to

the action of ozone. Dry, that is, unozonized atmospheric air does

not, at common temperatures, act on the most oxidizable of metals,

neither is there any reaction between dry organic substances and

anhydrous atmospheric air. Schoenbein suggests that there may be

other substances, which, like phosphorus, have the (catalytic ?) power
of generating ozone

—

shining wood, for instance, and other organic

substances that undergo slow oxidation in the air. The phospho-

rescence of the sea, probably originating in the oxidation of organic

matter, the remains of countless numbers of animals, dying daily in

the depths of the ocean, may probably also be referred to a similar

catalytic generation of ozone. He even suggests that the glow-worm
may be another instance of the same kind of action.

(547) An investigation into the nature of ozone was undertaken
by MM. Fremy and Becquerel. {Comp. Bend., March, 1852.) They
found it impossible to procure this substance in quantities sufScient

for their experiments by the electrolysis of water, neither could the
voltaic arc be employed, as the intense heat destroyed the ozone as

fast as it was produced. They found, however, that the secondary
inductive spark, obtained by Ehumkorff's magnificent apparatus,

(which we shall hereafter describe,) acts like the common electric

spark, and with this they made the following remarkable experi-

ments :

—

1°. Pure oxygen enclosed in glass tubes, together with a band of
starched and iodized paper was electrified by means of sparks strikiug
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the outside of tlie tube ; the paper became blue, not in consequence of

the decomposition of the iodide, because the same effect did not take

place in an atmosphere of hydrogen, but it depended on the electriza-

tion of the oxygen, and that without the intervention of metallic

particles, there being no metallic wires used in the experiment. The
gas also acquired a peculiar odour; it lost both its odour and its

chemical activity by exposure to iodide of potassium, but regained

both when again electrified ; and this experiment could be repeated

indefinitely on the same quantity of gas. It is evident that the

oxidizing power of electrified oxygen is not due to the presence of a

foreign body contained in the gas. 2°. By continuing to electrify

oxygen, the modification, as judged of by its absorbability, by alkaline

iodide, increased for some time, but it afterwards appeared to diminish,

the spark probably destroying that, which at first it produced. By
sending sparks into small eudiometry tubes, filled with moist oxygen,

and placed either over mercury or iodide of potassium, or containing

in their interior a moistened silver leaf, the gas became absorbed in a

regular manner, and in this way they sometimes obtained a complete

absorption. Some iodide of potassium and moistened silver were

inserted in tubes with pure oxygen, and then, the tubes were closed

;

they were electrified for several days ; the sparks grew gradually

paler and paler, and at last almost disappeared. On opening the

tubes under water, the liquid rushed in, and filled them entirely,

thus showing that a complete vacuum had been obtained, and that

the oxygen had become completely absorbable without heat, by the

silver and iodide of potassium.

These facts confirm the later researches of Marignac, De la Eive,

&c., knd show that Electricity, acting upon oxygen, developes peculiar

properties in it, and MM. Fremy and Becquerel propose to banish

the name of ozone, which expresses the idea of the transformation of

the oxygen into a new body, and to call the oxygen in which this

remarkable chemical activity is awakened simply " electrified oxygen."

(548) To this name Schoenbein objects (Jour, fur prakt. Chem.

3852), because oxygen can be ozonized much more efiectually by

phosphorus than by Electricity, and in the modification of oxygen by

phosphorus, &c., there is no disengagement of Electricity. Accord-

ing to his observations, 1000 parts of phosphorus can conyert 1720

parts of oxygen into ozone with tolerable rapidity.

The " ozonization " of oxygen by electric sparks in closed tubes, in

the experiments of Premy and Becquerel, Schoenbein believes to be

the result of an electrical induction in the oxygen from the exterior,

and through the glass ; the same takes place, on the large scale, on the

occasion of every flash of lightning : houses are sometimes filled Avith
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the odour of ozone, at considerable distances from tlie buildings that

are struck.

De la Eive explains the ozonization of oxygen by supposing that,

in ordinary oxygen, the atoms are not separate, but combined in

groups, forming compound molecules, and that phosphorus, Elec-

tricity, &c., possess lihe power of breaking up these molecules into

separate atoms, whereby its chemical activity is increased, and it is

now rendered capable of oxidizing bodies on. which before, it exerted

no action. In many of its combinations, however, oxygen seems to

exert the eminently oxidizing power of ozone
;

as, for instance, in

peroxide of lead, peroxide of nitrogen, Sfc, and Schoenbein proposes

to call these substances " ozonized " oxide of lead PbO+ 0 ;
" ozon-

ized " nitrous acid NO'+ 20, &c.

(549) A method of determining ozone quantitatively has been

invented by Schoenbein. This method depends upon the property

possessed by ozone of decolorizing solution of indigo, a property

which ordinary oxygen is altogether destitute of. To prepare his

"test" solution he takes 100 milligrammes of indigo solution, adds

an equal quantity of hydrochloric acid, and heats the whole till it

boils. He then adds to the hot solution small portions of a dilute

solution of chlorate of potash (about one per cent.), shaking the

mixture continually, until it has become of a brownish yellow colour.

If, for example, 100 milligrammes of chlorate have -been employed to

decolourize the indigo solution, he infers that this effect has been
caused by the 39 milligrammes of oxygen contained in that quantity

of the salt
;

and, consequently, that 1 milligramme of oxygen is

capable of decolorizing 100"39 grammes of the solution of indigo.

To render this solution of such a strength, that exactly 10 grammes
of it are decolorized by 1 milligramme of oxygen, he mixes 100
parts of it with 290 parts of water, and preserves it in stoppered
bottles.

In order to determine the quantity of ozone in, say, 30 litres of
air, acted upon to the greatest possible extent by phosphorus, he
pours 300 grammes of the test solution into a glass, and adds about
one-half to the gas at once ; the closed flask is then shaken up for

some minutes, and a small quantity of the liquid poured out, to see

if it is decolorized ; if so, he dips a small strip of moist iodide of

potassium paper into the vessel, and if this is coloured, adds more
solution of indigo, until the decolorization is complete, when the

quantity of solution employed gives the amount of ozone in the

gas.

Schoenbein's recent experiments have shown, that air may be
ozonized to the extent of ts^o-f by means of phosphorus ; and did not
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ozone act so energetically upon phosphorus, a much higher degree of

ozonization might be attained. At this point, however, the produc-

tion and consumption of this substance appear to be equal, and

ignition of the phosphorus takes place in consequence of the rapid

oxidation. Air, diluted with roiKSTrDth of its volume of ozone, may

be recognized by its smell
;
pure ozone must, therefore, have a most

intense odour,

(550) The remarkable oxidizing power of " voltaic" oxygen was

pointed out by Kolbe. (P7wZ. Mag., vol. xxx., p. 334.) By it, he was

able to decompose compounds which withstood the action of the

most powerful decomposing agents, such as nitric, nitro-7ii/drocJilorio,

and chromic acids ; and in some experiments he produced perchloric

acid in an acid solution, which cannot be done, without the battery,

in any but an alkaline solution. By passing the current, from four

elements of Bunsen's pile, through a mixture of sulphuric acid and

chloride of potassium, first chlorate and then perchlorate of potash,

was formed ; a concentrated solution of chloride of ammonium evolved

hydrogen at the negative pole, and chloride of nitrogen appeared in

the form of oily drops at the positive platinum pole, which decom-

posed, with a more or less violent explosion, on bringing the two

poles into contact.

(551) The latest experiments on ozone are those of Dr. Baumert.

(Phil. Mag., vol. vi., p. 51.) When perfectly dry ozone, obtained by

electrolysis, is passed through a long narrow glass tube, lined with a

thin coating of anhydrous phosphoric acid, nothing takes place till

the tube is heated; the ozone is then decomposed, and water is

formed, which dissolves the anhydrous phosphoric acid, proving,

according to the author, that ozone obtained by electrolysis contains

hydrogen as well as oxygen. The quantity of ozone obtained by

electrolysis is exceedingly small ; 150 litres of explosive gas, obtained

from 76 grammes of acidulated water, only contained 1 milligramme

of ozone ; and 10 litres of gas, from solution of chromic acid, con-

taining a little sulphuric acid, gave the same quantity.

The method of analysis adopted by Baumert, was founded upon

the property of oxygen, united with the elements of water, to sepa-

rate an equivalent of iodine from a solution of iodide of potassium,

like free bromine or chlorine, caustic potash being formed. The

amount of iodine set free was ascertained by a standard solution of

sulphurous acid, the point of neutralization being determined by a

solution of starch.

By a series of experiments, conducted with extraordinary care,

and under the direction of that great master of gaseous analysis,

professor Bunsen, " electrolytic ozone" was inferred to be a teroxide
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of hydrogen—HO' giving up its oxygen readily to oxidizable sub-

stances, and forming water.

Baumert does not, however, imdertalce to say, that the body

obtained by the passage of electric sparks through dried oxygen is

the same compoxind ; on the contrary, by passing a stream of sparks

from an inductive coil^ through electrolytic oxygen, completely freed

from ozone by heat, and from watery vapour by phosphoric acid, the

ozone of Becquerel and Premy, which B.aumert calls allotropio

oxygen, was formed in abundance, and was made apparent by the

decomposition of iodide of potassium.

(552) Electro-chemical polarity of gases.—The fact, that when
two wires, forming the terminals of a powerful battery, were placed

across each other, and the voltaic arc taken between them, the ex-

tremity of the wire proceeding from the positive end of the battery

was rendered incandescent, while the negative wire remained com-

paratively cool, was first observed by G-assiot in 1838, (405) and

Grrove shortly after threw out the idea, that the phenomenon might

possibly be explained by supposing that in air, as in water or other

electrolyte, the oxygen or electro-negative element was determined

to the positive terminal ; and that, from the union of the metal with

that oxygen, a greater heating effect was developed.

(553) The following beautifal experiment is described by Grrove :

(P7«7. Trans., 1852, part 1.) It was made with a well-instdated

nitric acid battery of 500 cells. Two wires of platinum, ^^th of an

inch ill diameter, forming the terminals of the battery, were im-

mersed in distilled water; the negative wire was then gradually

withdrawn, until it reached a point fth of an inch distant from the

surface of the water. A cone of blue flame was now perceptible, the

water forming its base and the point of the wire its apex : the wire

rapidly fused, and became so brilliant that the cone of flame could

no longer be perceived, and the globule of fused platinum was ap-

parently suspended in air and hanging from the wire ; it appeared
sustained by a repulsive action, like a cork ball on a jet d'eau, and
threw out scintillations, in a direction away from the water. The
siuface of the water, at the base of the cone, was depressed, and
divided into little concave cups, which were in a continual agitation.

"When the conditions were reversed, and the negative wire immersed,
the positive wire being at the surface, similar phenomena ensued, but
not nearly in so marked a manner, the cone was smaller, and its base
much more narrow in proportion to its height.

This experiment, the beautiful effects of which require to be seen
to be appreciated, indicates a new mode of transmission of Elec-

tricity, partaking of the electrolytic and disruptive discharges.
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(554) The enormous heating powers and consequent destruction

of the terminals, rendered it impossible to follow out this phe-

nomenon with the voltaic battery, and Grove, therefore, resorted to

Ehumkorff's new arrangement of tbe inductive coil machine by

which an auroral discharge in the vacuum of an air pump, 5 or 6

inches long, and in air of ordinary density, a spark of ith of an inch

long can be obtained. With this apparatus the following experi-

ments were made :

—

1°. On the plate of a good air-pump was placed a silvered copper

plate, such as is ordinarily used for Daguerreotypes, the polished

surface being uppermost. A receiver with a rod passing through

a collar of leathers was used, and to the lower extremity of this rod

was affixed a steel needle which could thus be brought to any required

distance from the silver siu-face. A vessel containing potassa fasa

was placed in the receiver, and a bladder of hydrogen gas was

attached to a stop-cock, another orifice enabling the operator to pass

atmospheric air into the receiver in such quantities as might be

required. A vacuum being made, hydrogen gas and air were allowed

to enter the receiver in very small quantities so as to form an attenu-

ated atmosphere of the mixed gases. Two small cells of the nitric

acid battery were used to excite the coil machine and the discharge

from the secondary coil was taken between the steel point and the

silver plate ; the distance between these was generally 01 of an inch.

When the plate formed ihQ positive terminal, a dark circular stain of

oxide rapidly formed on the silver, presenting in succession yellow,

orange, and blue tints, very similar to the successive tints given by

iodizing in the ordinary manner a Daguerreotype plate. Upon the

poles being reversed, and the plate made negative, the spot was

entirely removed, and the plate became perfectly clean, leaving,

however, a dark polished spot, occasioned by molecular disintegration,

and therefore distinguished from the remainder of the plate. In an

air vacuum, oxidation took place whether the plate was positive or

negative, but more rapidly when positive. In a hydrogen and nitro-

gen vacuum there was no discoloration, but a plate oxidized in an

air vacuum was rapidly and beautifully cleared off by discharge in a

hydrogen vacuum, most rapidly when the plate was negative. By

making an iodized silver plate negative in an atmosphere of hydrogen,

the iodine was removed in a circle or disc opposite the point which

formed the positive terminal. The phenomena were all produced,

though not so distinctly, with the common electrical machine. When

there is too great a proportion of oxygen or air, oxidation takes place

at both poles ; when too much hydrogen, reduction takes place at

both.
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(555) The following theory has been proposed by Mr. Grove to

account for these singular phenomena. The discharges being inter-

rupted, as is evident from the natui-e of the apparatus, the gaseous

medium is polarized anterior to each discharge, and polarized not

merely physically, as is generally admitted, but chemically, the oxygen

or anion being determined to the positive terminal or anode, and the

hydrogen or cation to the negative terminal or cathode. At the instant

producing discharge, there would be a molecule or superficial layer of

oxygen or of electro-negative molecules in contact with the anode,

and a similar layer of nitrogen or electro-positive molecules in

contact with the cathode
;

or, in other words, the electrodes in gas

would be polarized as the electrodes in liquids are. The discharge

now takes place, by which the superficial termini of metal or oxide?

as the case may be, are highly ignited, or brought into a state of

chemical exaltation at which their affinities can act ; the anode thus

becomes oxidated, and the cathode, if an oxide, reduced.

Assuming this view, we get a close approximation, or identity in

fact, to the state of polarization in gaseous non-conducting dielectrics,

and electrolytes anterior respectively to discharge or to electrolysis.

The experiments seem to show that, in induction across gaseous di-

electrics, there is a commencement, so to speak, of decomposition, a

polar arrangement, not merely of molecules irrespective of their

chemical characters, but a chemical alternation of their forces, the

electro-negative element being determined or directed, though not
travelling, in one direction, and the electro-positive in the opposite

direction.

(556) The chemical polarity of gases associates itself with Grove's

experiment, verified by Gassiot (324) {Fhil. Mag., Oct., 1844), in

which signs of electrical tension are exhibited when discs of copper and
zinc are closely approximated, but not brought into contact, and then
separated, the intermediate dielectric being polarized, or a radiation

analagous, if not identical, with that which produces the images of
Moser* taking place from pole to pole. In some experiments a
series of zones or circles appeared on the plate, exhibiting an alter-

* The plienomena discovered by Moser, and known as Moser's figures, maybe
observed thus

: place a coin upon the surface of a piece of looking-glass, or of
common glass having the back covered with tin-foil, and allow a few sparks to

faU upon the coin from the prime conductor of an electrical machine. Quickly
remove the coin, and gently breathe over the surface of the glass, when the
outline of the impression on the coin will become beautifully defined upon the
glass in drops of watery vapour. If a series of plates are superposed, and the
coin placed upon the upper one, and sparks allowed to fall upon it, the upper
surface of each plate will present similar phenomena when breathed upon. These
figures may be rendered visible by exposure to the vapour of iodine or mercury,
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nation of oxidation and reduction, a medium capable of producing

both being present. The colour of the central spot was yellow-green,

in the centre, surrounded hj hlue-green ; then a clear ring oi polished

silver, then an outer ring crimson with a slightly orange tint on the

inner side, and a deep purple colour on the outer; the exterior

portion of the spot was, as far as the eye could judge, of a colour

complementary to the interior of the external ring, and the central

portion of the spot of a colour complementary to the exterior portion

of the ring. The phenomena may perhaps be explained by regarding

them as analogous to the .phenomena of interference of hghL Alter-

nations of opposite polar electrical actions in the discharges passing

in the same direction, are shown in the experiments, and are con-

sidered by the ingenious author to be worthy of attention.

(557) Generation of a voltaic current ly flame. M. Hankel and

M. Buff have published papers showing, by the use of highly sen-

sitiye galvanometers, a current, apparently produced by flame,

which passes from the upper to the lower part of the flame. Buff

attributes this current to thermo-electricity, the flame being a

conductor, and two metals in contact with different parts of it, the

thermo-current passes from the hotter to the cooler metal, and hence

the result. Mr. Grove {Notices of the Meetings of the Boyal Insti-

tution, Peb. 3, 1854), in studying this subject, and without having

then read the papers of Hankel and Buff, found the results so

varying in ordinary flame that he could come to no satisfactory

conclusion ; he was then led to think that as, in the flame of

the blow-pipe, the direction or line of combustion is more definite

than in ordinary flame, he might get more definite results. He

experimented with the latter flame, and immediately got very

distinct evidence of a current not due to thermo-Electricity, as it

could be made to conquer both the effect of the thermo-flame-current

noticed by Buff, and of any thermo-current excited in the junction of

the wires exterior to the flame.

This current, which Mr. Grove termed the current proper, moves

from the root towards the point of the blow-pipe flame ;
the best

points for placing the collecting spirals or plates of platinum, being

for the one, a Uttle above the root or base of the blue cone, and for

quite as ^eU as by breathing upon tbem.'-^/c«i. Nat. Phil, ly Qolding Bird and

^^T^'uZiold" says Humboldt, "are the sources of terrestrial light
;
and we

may even imagine it as existing latent, and not yet set free from ^^-^^^-^^^^^

vapours as a means of explaining Moser's pictures produced at a distance a

Zov7ry in which reality as yet presents itself to us like the unsubstantial

images of a dream."- Cosmos, Sabine's translation, vol. i. p. 189.
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the other, in the full yellow flame a little beyond the apex of the

blue cone. As the latter metal is much more heated than the

former, the thermo-current is opposed to, and though it by no means

destroys, it tends to weaken the effect of the flame current proper :

if then, this metal can be adventitiously cooled, we should have the

two currents co-operaling, instead of conflicting : and so experiment

proved ; for by using a capsule of platinum filled with water in the

full flame, and a coil or sheet of platinum foil at the base, a very

marked current resulted. By arranging in a row of jets worked by

a large bellows, a sheet of platinum foil placed first over the roots of

the flame, and a trough of platinum foil filled with water just beyond

the points of the blue cones, the large galvanometer of the Insti-

tution was deflected to 30° or 40°, the deflection being in the reverse

direction upon reversing the connections respectively with the plate

and trough. The same apparatus will also readily decompose iodide

of potassium, iodine being evolved at the platinum point in con-

nection with the trough. Mr. Grrove is at present disposed to regard

this phenomenon as a current produced by chemical action: the

platinum at the commencement of action representing the zinc, which

burns or combines with oxygen ; that at the conclusion, representing

the platinum, or the points where chemical action concludes and a

tendency to reduction or deoxidatign is manifested, the distinction

being that the generative chemical action, instead of taking place as

in the ordinary battery, only at the zinc surface, and being simply

transmitted by the electrolyte, takes place throughout the intervening

section of flame; and thus, within certain limits, the intensity of

the Electricity increjises with the distance of the plates, instead of

decreasing, as in the ordinary battery.

E n 2
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CHAPTEE X.

ELECTEO-PHYSIOLOGT *

Historical notice—Recent researches of Matteucci and Da Bois Reymond

—

Electric fishes—The torpedo—The gymnotus—The silurus—Electricity of

plants.

(558) "It may be proved," says M. Arago, "that the immortal

discovery of the voltaic pile arose in the most immediate and direct

manner from a slight cold with which a Bolognese lady was attacked

in 1790, for which her physician prescribed the use oifrog-hrothy

There is scarcely a work on the subject of Galvanic Electricity in

which this account of its origin is not given in some form or other.

The author of the article " Voltaic Electricity," in the Encyclopcedia

Britannica, writes thus: "When one of Galvani's pupils was using

an electrical machine, a number of frogs were lying skinned on an

adjoining table for the purpose of cookery. The machine being in

action, the young man happened to touch with a scalpel the nerve of

the leg of one of the frogs, when to his great surprise the leg was

thrown into violent convulsions."

(559) Dr. Lardner, in the introduction to bis treatise in the Cabinet

Cyclopcedia, after repeating the above account, adds, "This was the

first, but not the only or chief part played by dance m this great

discovery.
-, i -i !• j.i

" Galvani was not familiar with Mectricity ; luckily for the pro-

gress of science, he was more an anatomist than an electrician, and

beheld with sentiments of unmixed wonder the manifestation of what

he believed to be a new principle in the animal economy
;
and, fired

with the notion of bringing to light the proximate cause of vitality,

engaged with ardent enthusiasm in a course of experiments on the

effects of Electricity on the animal system. It is rarely that an

example is found of the progress of science being favoured by the

ignorance of its professors.
_

« Chance now again came upon the stage. In the course of his

researches he had occasion to separate the legs, thighs, and lower

parts of the body of the frog from the remainder, so as to lay bare the

lumbar nerves. Having the members of several frogs thus dissected,

• This chapter, as far as par. 643, has been compUed prmcipally from Mat-

teucci'8
" Phenomenea Electro-phopiologiques dea Aniinaux.
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he passed copper hooks through part of the dorsal column which

remained above the junction of the thighs, for 'the convenience of

hanging them up till they might be required for the purpose of

experiment. In this manner he happened to suspend several upon

the iron balcony in front of his laboratory, when, to his inexpressible

astonishment, the limbs were thrown into strong convulsions. No
electrical machine was now present to exert any influence."

(560) Dr. Thomas Young, in his Lectures on Natural Philosophy,

shortly alludes to the circumstance thus :
" The first circumstance

that attracted Galvani's attention to the subject of animal Electricity,

was the agitation of a frog that had a nerve armed, that is, laid bare

and covered with a metal, when a sparh was taken in its neiglibour-

Jiood. A person acquainted with the well-known laivs of induced

^Electricity might easily haveforeseen this effect. It proved, however,

that a frog so prepared was a very delicate electrometer, and it led

Galvani to further experiments."

(561) The author of the treatise on G-alvanism, in the Lilrary of
Useful Knowledge, repeats the old story of the "frog-soup," and we
re-echoed it in the last editions of this work. It appears, however,

that we have all been guilty of considerable injustice towards

Galvani ; and that, so far from his being unacquainted with Electricity

at the time he made his important observation, he had been for many
years studying it in connection with the muscular contractions of
frogs, as appears from a draft found among his manuscripts, wliich,

with his memoirs, have been collected by M, Gherardi, and pub-
lished by the Academy of Sciences of Bologna. This draft bears

date 6th November, 1780, i. e., eleven years before the publication

of his Commentary. It is worthy of remark, that in the description

of the first experiment there occurs the words, " The frog was pre-

pared as usual," which sufficiently proves that this was not his first

experiment with frogs.

(562) In the year 1678, the following experiment was made by
Swammerdam, before the Grand Duke of Tuscany ; it will be per-

ceived that it is identical with the celebrated experiment of Galvani,

though there can be no doubt that the Bolognese philosopher was
entirely ignorant of it. Into a cylindrical tube of glass was placed a

muscle, the nerve of which was enveloped with a small silver wire, in

such a manner that it could be raised without injury. The first wire

was passed through a ring, bored in the extremity of a small copper

support, soldered to a sort of piston or partition; but this small

silver wire was disposed in such a manner that, on passing between
the glass and the piston, the nerve could be drawn by the hand so as

to touch the copper, the muscle immediately contracted.
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In the year 1767, the sensation experienced in introducing the

tongue between two* plates of dissimilar metals, and then bringing

them into contact, was described by Sulzer in a work entitled

" General Theory of Pleasure."

(563) Prom documents in the possession of the Institute of

Bologna, it appears that Galvani was engaged with experiments on

the contractions of the muscles of frogs at least twenty years before

the pubHcation of his famous Commentary. The story of the frog-

soup may, therefore, henceforth be treated as a romance
;
and it is

unfair to question Galvani' s electrical knowledge, from the circum-

stance of his feeling surprised at observing the contraction of the

prepared frog when a spark from the conductor of an electrical

machine was drawn near it. Any other philosopher, as Matteucci*

justly observes, would at that time have felt surprised on witnessmg

the phenomenon for the first time ;
and, in fact, in a Latin memoir

on electrical light in air of different densities, Galvani sufficiently

shows his acquaintance with Electricity, both theoretically and prac-

tically
;
and, in a memoir " on the use and activity of the conductmg

arc," he suggests that the contraction of the frog may be explamed

by the return sJiocJc.

In pursuing his researches, Galvani submitted the frog to the

passage of atmospheric Ele<Stricity ; and it was in these experiments

that he discovered that the frog, properly prepared, is of all elec-

troscopes the most delicate. We cannot read, without a shudder,

Galvani's account of a daring experiment made by him April 7th,

1786, whilst engaged in these investigations. He grasped m his

hands the rod of an insulated atmospheric conductor at the very

moment when lightning was flashing through the skies

!

(564) The first experiment with a metallic arc is described in the

third part of Galvani's Commentary. The note in which it is found

registered bears date Sept. 20, 1786, and contains, in Galvani's own

handwriting, the words "Experiments on the Electi-icitj of Metals.

The primary fact of the contraction of the frog suspended by a

copper hook from an iron stem in the neighbourhood of an electi-ical

machine in action was studied by Galvani with great care
;
m it he

saw that the contraction took place when the extremities of a

metallic arc, formed of two different metals, united together, touched

at one point the nerves, and at the other the muscles of the frog.

In two different parts of his Commentary, Galvam insists on the

advantage in this experiment of employing a metallic arc, composed

oftwoV..^ metals instead of one. He also states that the con-

• Treatise on the Ekctro-pbysiological Phenomena of Animal*.
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tractions may be obtained by uniting witli a metallic arc two capsules

filled with water, in whicb tbe frog is so dispqsed as to bave its

lumbar nerves ih. one of tbe capsules and its legs in tbe other.

Lastly, he ascertained that the metal composing the arc in this

experiment should be chosen amongst the least oxidable metals, such

as gold or silver, to obtain the greatest and most prolonged con-

tractions ; and he minutely describes all the circumstances which

prove that the phenomenon is an electrical one.

(565) Gralvani supposes the existence of an Animal 'Electricitj, a

nervous fluid condensed in the interior of the muscle. The nerve,

according to him, was only the conductor of the discharge of the two

electricities contained in the muscle. The apparent homogeneity of

the structure of muscle does not vitiate this hypothesis, tourmaline

presenting an analogous phenomenon. In one part of his Com-

mentary, Gralvani expressly says, that many of the contractions

obtained with a metallic arc are due to the arc itself.

Other of Galvani's memoirs relate to the following subjects : the

use and activity of the conducting arc in muscular contractions ; the

action of the arc composed of a single metal ; of water and carbon

;

of water alone, or of the human body; of a metallic arc of unequal

surface ; the contractions excited in a frog when the arc is inter-

rupted, &c. To explain the action of the electrical current on

muscular contractions, Gralvani supposes that a change is determined

in the parts of the brain.

(566) In one of his memoirs on Animal Electricity addressed to

Spallanzani, Galvani describes the fact of the 'contractions excited in

a prepared frog by bending back its limbs, and bringing them in

contact with the lumbar nerves. The perusal of this memoir im-

presses one (writes Matteucci) with a high sense of the merits of

Gralvani as an experimentalist. It commences by establishing that

the contractions excited in these famous experiments cannot be attri-

buted to anything like irritation of the nerve ; that the experiment

is more likely to succeed if the frog be previously moistened with

solution of salt ; that the frog should not be operated upon till it has

lost that tetanized condition which it frequently exhibits for a time

after its preparation
; that the contraction sometimes takes place on

separating the nerves from the muscles of the leg; that it also

succeeds on establishing the circuit between the nerves and legs, and
morsels of muscular substance; and, lastly, that contractions are*

awakened by touching the nerves of the prepared frog at two
different points, with a morsel of muscular substance taken from a

living animal.

Galvani next studied the discharge of the torpedo, and by means
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of a prepared frog lie aBcertained tlie instant of its discharge ; he

made also the first observations on the influence of the brain and

circulation of the blood on the discharge of the torpedo.

(567) The first philosopher who repeated the experiments of

Galvani was the celebrated Yolta. He admitted the existence of

animal Electricity in the muscles, and ia a letter to Professor Car-

menati, bearing date April 3rd, 1792, he relates all the experiments

made by him to demonstrate the sensibility of the frog to electrical

discharge ; he next applied himself to Galvani's experiments with

the metallic arc. He first ascertained that the contractions of the

frog ensued on simply touching, with the extremities of the metallic

arc, two points of the nervous filaments ; he next discovered that it

was possible with the metallic arc to produce sometimes the sensa-

tion of light, sometimes that of taste, by applying it to the nerves of

the eye or tongue ; and from all his experiments he drew the con-

clusion, that the muscular contractions in the experiments of Galvani

and himself were produced by the irritation of the nerves ; that this

irritation may produce sometimes sensations, sometimes contractions ;

and that, lastly, this irritation by the metallic arc was occasioned by

an electric current developed by that arc.

(568) Yolta imagined that by the contact of any two heterogeneous

conductors an action is developed, by which the two bodies become

charged with contrary electricities, which may discharge themselves

across a third not possessing the same action as the other two.

"When it was objected to this hypothesis of Yolta, that a homo-

geneotis metallic arc was sufficient to cause contractions in the frog,

he replied that a very small difference in the extremities of the arc

was sufficient to produce an electric current, and that a very feeble

current may irritate the nerves of a frog sufficiently to excite con-

tractions. Thus Yolta found that when one extremity of a metallic

arc was heated and the other not—one end polished the other not—
sufficient heterogeneity was occasioned to excite a current. In vain

Galvani, Humboldt, Yalli, and Aldini opposed to Yolta the fact that

without any metallic arc the frog may be made to contract, by simply

bending back the limb, and bringing it into contact with the lumbar

nerves ; Yolta answered that it was only to generalize his theory of

electro-motive force ; that it was only necessary to say that the

nerves and muscles of the frog act as the two metals of the arc ia

Order to explain the facts submitted by the partisans of Galvani.

(569) Up to this time, the development of Electricity by the

contact of heterogeneous metals was only an hj^othesis of Yolta' s.

It was in the month of August, 1796, that he obtained, by means of

the condenser, the first signs of Electricity developed by the contact
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of two metals, and that he made his immortal discovery of the

The influence of this discovery over all the sciences, and the

rapidity with which it spread, caused all opposition on the part of

GaJvaui to fall into obhWon, and fifty years elapsed ere any one, save

in an historical work, ventured to make any mention of Animal

Electricity.

Volta discovered that the electric current, in its passage through

the organs of sense, excites there corresponding sensations ; he also

found that the continued passage of the electric current through a

frog weakened its action in the direction of the current, while it was

still very strong whilst traversing the animal in a contrary direction.

(570) Among the philosophers who occupied a distinguished rank

in the celebrated controversy between Gralvani and Yolta, the illus-

trious Humboldt stands pre-eminent. His work, entitled " Experi-

ments on Gralvanism," published in Paris in 1799, and afterwards in

Germany, contains a host of excellent and important experiments.

No one before him had applied the arc of Gralvani to so great a

number of different animals in various parts of their bodies. The

action of the electric current on the movement proper of the intes-

tines, and on the pulsations of the heart, was discovered by Hum-
boldt. He had the courage to remove the skin from parts of his own
body by means of blisters, and to subject the denuded parts to the

action of the metallic arc. His experiments on the secretions from

the wounds formed by the blisters are exceedingly curious. He
proved on himself, that the action of the electric current was not

limited to the sole instants of the commencement and the end of its

passage. He studied with great care Gralvani' s discovery of the con-

tractions obtained by bringing the legs of a frog into contact with its

lumbar nerves
; and he ascertained that contractions may be obtained

in the prepared frog, by touching the nerve at different points with
morsels of muscular substance taken from a living frog. The follow-

ing is a summary of his results : strong muscular contractions were
obtained, 1°, when the leg of an animal was bent back against the
iscUatic nerves, both being organically connected. 2^. When the
crural nerve and its muscle were connected by a fragment cut from
the same nerve. 3°. "When a connection was established between
two parts of the same nerve by means of some animal tissue.

(571) Some important observations were made by Valli of Pisa in

1792 ;
this experimentalist was the first to show that when an arc of

two metals, peioter and silver, is employed, the most violent con-
tractions are obtained when the pewter is applied to the nerves, and
the silver to the muscles ; he ascertained that of all metals zinc, when
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applied to the nerves, has the most remarkable power of exciting

contractions, and he noticed that when a frog had lost its sensibility

to the passage of a current, it regained it by repose.

Aldiai showed that contractions may be excited in a prepared frog

by holding it in the hand, and plunging its nerves into the interior

of a wound in the muscle of a living animal.

(572) Some iateresting observations on the sensations excited in

animals by the passage of the electric current through them ; on the

influence of cold and heat ; on the muscular irritability excited by

Electricity ; on the reproduction of nervous substance ; on the action

of certain poisons ; on the phenomena of muscular contraction, &c.,

were made by Eowler, and are alluded to in the BihliotTieca Britan-

nica, May, 1796.

(573) The following is a summary of some of the contributions

made by Lehot to the science of animal Electricity : He ascertained

that in a recently killed animal, contractions are excited by the

electric current in whatever direction it may be applied
;
but, when

the vitality of the animal has become diminished, if the cvirrent

be sent in the direction of the ramifications of the nerve, contractions

are excited only at the commencement of the current : the contrary

takes place when the current is directed contrary to the ramifications

of the nerves, i. e., in this case the contractions only take place when

the cm-rent ceases. By studying the sensation excited by the current

on the organs of taste, Lehot arrived at a most important result : the

current which traverses a nerve ia the direction of its ramifications,

excites a sensation when it ceases to pass, though this influence is

only exerted at the commencement of its passage when the nerve, is

traversed ia a direction contrary to its ramiflcations : the later

experiments of Bellingeri and Marianini entirely confirm those of

Lehot.*

(574) After a long interval, during which the name of animal

Electricity was scarcely mentioned in science, the study of it was

resumed by Nobili, who published a memoir on the subject in the

Bibliotheca Universelle, 3rd Nov. 1827. It is to this philosopher

that we are indebted for the great improvements in the galvano-

meter. He prepared a frog a la Galvani, and plunging its two

extremities (lumbar nerves and legs) into two capsules of salt water,

he united the two vessels by filaments of moistened cotton ;
the frog,

as in Galvani's experiment, immediately contracted : he then removed

the cotton, and shut the circuit by plunging into the capsules the

platina extremities of his galvanometer; a deviation amounting to

10° 20° and even to 30° was obtained, indicating an electrical

current from the feet to the head of the animal. Nobili called this
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current the current proper of the frog, and he found that it remained

for several hours after the preparation of the animal, and that it

could be increased by disposing the animals in a pUe. Nobili

endeavoured to explain this current on thermo-electric principles : to

an unequal temperature *in the nerve and muscle occasioned by

evaporation.

JSTobili appears to have studied more closely than any of his prede-

cessors, the contractions excited in a frog by the passage of a current

through its nerves in different directions, and according to the degree

of vitality remaining in the animal. His ideas of tetanus and of

paralysis are well deserving the attention of medical men,

(575) The frog is prepared for galvanoscopic experiments in the

following manner :

—

A lively animal ^S- ^l''-

is selected : two-

thirds of the body

just below the front

paws are cut off,

and the hind legs

and pelvis, with a

piece of the spinal

cord, are preserved

and skinned : then,

by introducing the

scissors betweenthe

lumbar nerves and

the pelvis, and cut-

ting the latter in

two places, we obtain the frog prepared o/ifer Galvani' s plan ; it is

shown in Eig. 217.

(576) In order to employ the frog in the study of the electric

current, the latter must be passed along the nervous filament alone

of the frog. Eor this purpose the frog, prepared after Gralvani's

plan, is cut in half, and by a very easy preparation, we are enabled

to remove from the half frog, the bone and muscles of the thigh,

preserving its nerve untouched. In this manner we end by having a

frog's leg, to which is attached a long nervous filament, composed of

the lumbar portion of the pelvis, and the crm-al portion of the thigh.

"We have only to introduce this leg into a tube of varnished glass, to

have an instrument very sensible to the passage of the electric

current. It is shown in Pig. 218. To employ this kind of galvano-

scope, the glass tube is taken by the end opposite to that into which

the leg of the frog has been introduced, and the nervous filament
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Fig. 218. -wliich is hanging outside the tube, is made to

touch the two points of the electromotive ele-

ment that we desire to study. When the ner-

vous filament is traversed by an electric current,

the leg is seen instantly to contract. Two slips

of moistened paper may be placed on the two

points of the electromotive element to avoid any

irritation of the nerve by direct contact.

(57-7) To exhibit the experiment with the

frog's legs generally, the legs of the frog are to

be left attached to the spine by the crural nerves

alone, and then a copper and a zinc wire, being

either twisted or soldered together at one end,

the nerves are to be touched with one vidre,

whilst the other is to be applied to the muscles

of the leg. Pig. 219 shows the arrangement.

There are several ways of varying this experi-

ment; the following one may be practically

applied to a useful purpose : If a piece of cop-

per, as a penny, be laid on a sheet of zinc, and

if a common garden snail be put to

crawl on the latter, it vrill be observed

to shrink in its horns and contract its

body whenever it comes into contact

with the penny: indeed, after one or

two contacts it will be observed to

avoid the copper in its journey over

the zinc.

Tlie Muscular JElectric Current.

(578) Proof of the existence of an electric current circulating

through the muscle of a living animal is obtaiaed by introducing into

a wound formed in the muscle of a living animal the nerve of a pre-

pared frog, in such a manner that the extremity of the nerve shall

touch the bottom of the wound, and another part, the edge ; the frog

instantly contracts. The muscular electric current may be detected

in animals for some time after death, but when it has once ceased, it

cannot again be renewed. It is found in warm as well as in cold-

blooded animals.

(579) By forming a muscular pile, Matteucci succeeded in giving

considerable deflection to tlie needle of his galvanometer.

The pile was thus formed. Tive or six frogs were prepared and
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cut in half after G-alvani's plan, great care being taken not to injure

the muscle. The thighs were then cut in half, and so disposed that

each half thigh should touch the following, the faces of each turning

the same way, and the interior of one coming into contact with the

exterior of the next ; so that one of the extremities of the pile was
formed of the interior of the muscle, while the other extremity was
formed of the siu-face. The prepared plates of the galvanometer

were immersed in the cavities of the board on which the pUe was
disposed, which cavities contained a liquid similar to that in which
the plates had been prepared, the deviation amounted to 15", 20°,

30", 40°, 60°, according to the number of half thighs ; and if the frogs

were suificiently active, a deviation of 2° or 4° was obtaiaed with two
elements, of 6° or 8° with four elements, of 10° or 12° with six

elements, and so on : the liquid in the cavities being distilled water

;

but when a liquid of a better conductibility was employed, the
deviations were considerably greater, though always in the same
direction, viz., from the interior of the muscle to the surface. On
leaving the circuit closed, the needle gradually returned to zero.

(580) Similar experiments were made with eels, cut into pieces,

and so disposed that the muscular surface of one of the elements
should touch the internal face of the next. With a pile of five

elements, a deviation of 28° was obtained, with two elements a devia-

tion of 10°, always in the same direction, viz., from the interior of
the muscle to the surface. "With a pUe formed of muscular slices cut
from the backs of tenches, analogous results were obtained ; and by
experimenting on warm-blooded animals, such as pigeons, chickens,

oxen, sheep, &c., ample evidence was obtained to prove that whenever
the interior of the muscle of a recently-killed animal is by the aid of
a conducting substance brought into contact with the surface, an
electrical current is established, directed from the interior to the
surface, the intensity of which varies with the animal, and is increased
in proportion to the number of elements disposed in the pile,

(581) In all these experiments, Matteucci was scrupulously careful
in the management of his galvanometer : and the regular increase of
the deviations with the number of elements, their uniform direction,
whatever the Kquid employed in the cavities, and the instantaneous
reversal of the current by reversing the disposition of the elements,
are facts which fully prove the correctness of the conclusion at which
Matteucci arrived, namely, that the current, whatever its source, had
its origin in the muscular masses, and was not due to adventitious
circumstances introduced in the manipulation.
By closing the circuit with the nerve of the galvanoscopic frog

instead of the galvanometer, a more delicate and perhaps a less
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questionable method of detecting the muscular electric current was

obtained. The return of the needle of the galvanometer to zero, on

leaving the circuit closed, is easily accounted for, not only from the

gradual diminution of vitaHty in the muscle, but also from the

secondary current developed in the terminal plates, which circulates

in a contrary direction to that of the pile.

Matteucci next instituted a series of experiments onHving animals,

the general results of which were the same as those on animals

recently killed, the current in all cases moving from the interior of

the muscle to its surface, or more generally from the interior of the

muscle to any conducting substance in communication with that

surface.

The Laws of the Muscular JElectric Current.

(582) The first thing that arrests the attention in studying the

muscular current in the muscles of dififerent animals, is the difference

in its duration in different cases. If an equal number of muscular

elements be prepared from different animals, frogs, pigeons, rabbits,

&c., and examined one after the other with as little delay as possible,

commencing sometimes with one, sometimes with another, it will be

found that the deviations afforded by each, though in point of number

of elements they are equal, are remarkably different
:
thus, in one

experiment made by Matteucci, with three piles each of eight

elements, the pile formed of muscle of rabbit gave a deviation of 8°;

that of pigeons, a deviation of 14°; that of frogs, a deviation of 22°;

the current diminishing with the elevation of the rank of the animal

in the scale of creation. Fifteen minutes after the first experiment,

a deviation of 4° was obtained from the first pile; of 10° from the

second ; and of 16° from the third. One hour after the signs of the

electrical current in 1-he rablit pile had entirely disappeared, from the

pigeon pile a deviation of 2° or 3° could be obtained
;
while from

the/ro^ pile there was still a deviation of 8° or 10°; and, even after

twenty-four hours, from the latter, a deviation of 2° or 3° could be

made apparent.
^

(583) In studying the laws of the muscular electric current, M.

Matteucci availed himself of the diferential current which is pro-

duced by causing two currents to pass through the galvanometer in

inverse directions, the deviations of the needles being of course in

the direction of the strongest current. In applying this principle to

the study of the varying circumstances of the muscular current, the

two piles to be compared, both consisting of the same number of

elements, A B, A' B', Tig. 220, are opposed to each other, as shown

in the figure, their extremities being plunged into two cavities of the



JjXWS of the MUSCTJLAIl ELEOTEIO OUEBENT. 431

wood, and the circuit shut with the galvanometer,

by dipping the terminal plates in the liquid of the

extreme cavities ; if any difference exist in the two

piles, it wiU be immediately disclosed by the differ-

ential current in the direction of the strongest. In

this manner, Matteucci studied the influence on

the intensity of the current exerted by the mass

of muscle : he compared two piles opposed one

to the other : one of these piles had each of its

elements formed of one half thigh of a frog, whilst

those of the other were formed each of two or

three half thighs placed one on the other. He
never obtained any very distinct signs of a differ-

ential current : the same was the case when two

piles composed of muscle of rabbit were compared,

one of these piles having its elements made up of

large muscular slices, and the other of small slices

from the same muscle. The small differential cur-

rent that was obtained was in favour of the pile,

the elements of which consisted of the larger-

quantity of muscle. Two similar piles, formed one

of half thighs of frogs that had been subjected to a

very low temperature, the other of an equal number
of half thighs, cut from frogs in their natural state,

gave a differential current of 85° to 40° in favour of

the latter. The pile of cooled frogs gave from 15°

to 16°, the other 45° ; with warm-blooded animals

the influence of temperature was less marked.

(584) When the frogs were submitted to sudden

changes of temperature, being quickly cooled and
then suddenly introduced into water tolerably warm, it was noticed
that they not only recovered their motion, but became even more
vivacious than before, and when formed into a pile they gave a
stronger current than a pile composed of an equal number of frogs
that had not been submitted to alternations of temperature. During
the intense heat of summer the muscular current was much more
feeble, and Matteucci noticed that the frogs were much less robust
than at other seasons of the year, and their muscles less red and
consistent.

It does not appear that the integrity of the nervous system has
any influence either on the du-ection or intensity of the muscular
currents, for when all the great nervous filaments were carefully

removed from ten prepared frogs, no differential current, or only a
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very feeble one, -was obtained, by opposing a pile of such frogs to

another of an equal number of elements from frogs in their normal

state. The same was the case with pigeons, and other animals.

Again, on comparing together two piles, each of six elements, the

frogs composing one having had their lower extremities paralyzed by

a red-hot iron, a diflferential current in favour of the latter was

obtained, and by submitting frogs to the action of opium, nux vomica,

carbonic acid, and other narcotics, so as to stupefy them, and in that

state arranging them in a pile, and comparing them with an equal

number of frogs in their natural state, Matteucci was unable to

detect any variation either in. the intensity or direction of the

current. The same results were verified with pigeons.

The influence of sulphuretted liydrogen on the intensity of the

muscular current was, on the contrary, very remarkable, a differential

cui-rent of 26° being obtained in favour of frogs in their natural con-

dition ; a pile of twelve elements of common frogs giving 80°, that of

the poisoned frogs only 5° or 6", both, how-ever, in the same direction.

The same was the case with pigeons, a differential current of 17^

being obtained in favour of the bird that had not been poisoned.

Matteucci thus sums up the principal results of his experiments

on the muscular current :

—

1°. The intensity of the current varies for cold-blooded animals in

proportion to the temperature of the medium in which they have

lived for a certain time.

2°. Its duration after death is so much the less as the animal is

more elevated in the scale of creation.

3°. The intensity varies with the degree of nutrition of the muscle,

and it is always strongest in those muscles which are gorged with

blood and inflamed.

4°. It is altogether independent of the integrity and activity of the

motor and sensorial nervous system.

5°. The influence of narcotic poisons is null, or very feeble, on this

^^Amongst the different gaseous poisons, sulplmretted hydrogen

acts in a remarkable manner in weakening the intensity of the

muscular current, the direction of which is in every case the same.

(585) More recently* M. Matteucci has added some farther

interesting and important information on the subject of the muscular

current He has otained signs of tension at the two exti-emities of

his muscular piles by the aid of the condenser. He has also obtained

electro-chemical decomposition by the current; and by a great

number of experiments he has established that the intensity of the

Comptes RenduB. AprU 14. 1845; PhiL Mag., June. 1845; Elect. Mnfi. vol. n.
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current is in proportion to the activity of respiration, and that is

proportionate to the rank of the animal in the scale of creation,

whilst its duration after death varies in an opposite ratio. He has

further studied the influen^je of diflferent gases, and has ascertained

that the muscular pile acts equally in atmospheric air, in oxygen, in

very rarefied air, in carbonic acid, and in hydrogen. In the latter

gas the deviation of the needle of the galvanometer remains constant

for several hours, a singularity not referrible to an action of the gas

on the muscles, but to the phenomena of secondary polarity. The

nullity of the action of the different gases named upon the intensity

and duration of the muscular current proves that the origin of the

current is in muscle itself, whether living or taken from the animal a

short time after death ; and that it is in the organization of the

muscle, and in the chemical actions going on within its very struc-

ture, that the current exists, is further proved from the fact that

from piles formed of fibrine, separated from the blood of a recently-

killed ox, no signs of a current can be obtained.

(586) If a prepared frog be placed as shown in !Pig. 221, with its

Fig. 221.

lumbar nerves plunged into one capsule filled with water, and

with its legs in another, and the circuit completed with the galva-

nometer, the instrument gives evidence of an electrical current

passing from the feet towards the head of the animal. The signs of

this current, which were minutely studied by Matteucci, are much
increased by arranging several frogs on an insulated surface, so that

the nerve of each frog shall touch the legs of the following, as shown

in rig. 222. Every time the circuit is completed, the needle of the

galvanometer moves, and the Hmbs of the frogs contract.

(587) It had been observed by JSTobili, that on disposing the fi'ogs

in such a manner that the nerves of one should touch the nerves of

the other, and the same with the muscles, no contractions took place

in either: this he explained by supposing that in this case the

electromotive elements were opposed. Matteucci, however, in re-
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.

Fig. 222.
Fig. 223.

peating and varying tlie experiments,

found that the contractions always

took place, provided the parts of the

two frogs touched simultaneously

were not of the same kind. He
experimented in the following man-

ner: The frog, prepared as usual,

was separated into two halves, but

joined by the two spinal nerves

organically united by a smaller piece

of spinal cord, as shown in Eig. 223. On disposing the frog on an

insulated plane, keeping the two thighs and the nerves attached to

them well separated, and thus touching with one leg the other thigh,
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contraction instantly took place, tliougH tliey failed on touching the

legs one with the other. Still stronger contractions took place by

bending back upon one leg the nerves of the other, so that the spinal

cord came- into contact ivith the muscles of the thigh. In this

manner, with a very lively frog, contractions were obtained on

touching one leg with the other. Erequently the contraction is

observed in one of the limbs when the circuit is shut, and in the

other when the circuit is opened.

(588) By employing a galvanometer, and touching with one plate

the leg and with the other the thigh, indications of a current directed

from the leg to the thigh and from that by the nerve to the other

thigh were obtained. If the frog was particularly lively, and experi-

mented with as soon as prepared, it happened that on touching the

muscles of one thigh with those of the other leg, contractions were

awakened in the two limbs, as well on opening as on shutting the

circuit ; but when the aromal was not very lively, or was not experi-

mented \vith for some minutes after preparation, the limb alone, the

muscles of the thigh of which were touched, contracted on shutting

the circuit, whilst the other limb remained tranquil. On opening

the circuit, the contrary was the case. Prom these experiments,

each of the limbs of the frog are considered by Matteucci as a com-

plete electro-motive element, and hence it might be anticipated that

the contractions would fail on touching symmetrical parts, since the

two currents of the two limbs woiold circulate with an equal inten-

sity, but in contrary directions. The two limbs of a prepared frog

being so disposed that the nerve of one limb and the paw of the

other should dip in the liquid of a small glass, and the other paw and

nerve in the liquid of another glass, no signs of a current could ever

be obtained by closing the circuit by a galvanometer, evidently be-

cause those portions of the currents developed in the two limbs

which passed through the instrument moved in contrary directions
;

but if, on the other hand, the disposition of the limbs was such that

in the one vessel there were plunged the two nerves and in the other

the two legs, signs of a current were obtained, because in this case

those portions of the current which did not circulate through the

animal itself took a similar direction through the galvanometer. No
increased effect was obtained by increasing the number of frogs, the
cun-ent from ten or twelve, heaped one on the other, being no
greater than with a single frog; nor were any signs of a differential

current obtained by opposing a pile of half frogs to one of entire

frogs.

(589) From a laborious series of experiments, M. Matteucci drew
the conclusions :

—

r I- 2
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1°. That tlie complete electro-motive element of tlie current of the

frog is formed by one of its limbs, that is to say, of a leg, a thigh, its

spinal nerve, and a piece of the spine.

2°. That through each of the limbs of the frog there circulates the

current of the other limb, whenever the two legs are made to touch.

3". That in experiments with the galvanometer we only get,

through the wire of the instrument, the current which results from

the sum of those two portions of the current of the two limbs which

do not discharge from limb to limb.

Then as to the parts of the frog which are necessary for the pro-

duction of what Matteucci called the current proper, and to the

circumstances, anatomical and physiological, according to which its

intensity varies, his experiments lead him to the following con-

clusions :— .....
1°. That the current proper of the frog persists in its intensity

and direction without the spinal cord, or the spinal and crural nerves,

and even when the animal is deprived of all the visible nervous fila-

ments of the muscular mass of the thigh.

2°. That the electro-motive element of this current is confined to

the muscles of the leg and of the thigh organically united.

3°. When there is left in the prepared frog the spinal cord, its

nerves, and their ramifications through the muscles, these nervous

parts act in the production of the current in the same manner as the

muscular substance of the thigh.

(590) The influence of diff'erent gases on the current proper of the

frog was next examined. Carbonic acid at fii'st exerted no influence,

but after a time it seemed to diminish the sensibility of the nerve,

causing the contractions proper to cease
;
by exposing the animals to

pure oxygen gas before preparing them no effect was produced
;
but

Matteucci found that boiHng water had the effect of extinguishing

the current altogether.

(591) With a pile composed of legs alone, a current was produced

equal to that from the same number of entire frogs ;
the direction of

the current being from the extremity towards the head, but with a

pile composed of thighs alone, sometimes with the nervous filament

attached, sometimes with it removed, a very feeble current only was

obtained. When the tendinous surface of the limb was removed as

much as possible, a current was obtained sensibly more intense than

when the tendon was untouched, proving that the current proper

may be obtained from the leg alone. Matteucci did not find, with

Galvani and Humboldt, that the contractions proper became feebler

by removing the tendons from the muscles of the leg :
on the contrary,

he could find no other difference in the two cases, than that the con-
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tractions were extinguished quicker when the tendons were removed.

"When the blood was drained from the bodies of the animals ;—when

they were poisoned by sulphuretted hydrogen, or stupefied by nux

vomica, very feeble signs of the current or contraction could be ob-

tained. When slight wounds were inflicted on the muscles of the

thighs of frogs, so that they became red and inflamed, but did not

lose blood, both the current proper and the contraction proper were

increased; on the other hand, the efi'ect of cold was always to

diminish, and frequently to destroy, both, though both were always

regained by \-estoring the animal to its proper temperature.

(592) From a pile of four frogs' legs, to which were left attached

a long nervous filament, composed of all the lumbar part and of the

crural part concealed in the thigh, the nervous filament resting on

the extremity of the leg of each element, (Eig. 224,) a deflection of

Fig. 224.

4° or 5" in the direction of the current proper (from the feet towards

the head of the animal) was obtained : but when in the same pile

the nervous filament of each leg was bent back, and contact made

between the inferior and superior extremities of the limb, a deflec-

tion of 10" or 12° was obtained. The presence of the nerve has,

therefore, no other efi'ect than that of weakening the current, which

is very natural, if we reflect on the bad conductibility of the nervous

substance, on the greater length of the circuit, its small diameter, &c

.

(593) Matteucci prepared eight frogs' thighs by removing the

legs and leaving the lumbar nerves ; he then cut the thighs nearly in

half, taking care to preserve the nervous filaments, and formed them

into a pUe, by connecting the nervous filament of one thigh with the

muscular surface of the next half thigh. This pile gave him 12°

muscular current, which in this case was directed from the interior

of the muscle to the nerve in the animal, or rather from the nerve to

the surface of the muscle. In this experiment, the nervous filament

acted as the interior of the muscle in which it ramified.

(594) The same experiment may be made with the legs of pigeons

and rabbits ; for this purpose the nervous filament of the limbs or

the crural nerve which lies beneath the muscle must be exposed, and

the pile formed by bringing the nerve of each element into contact



438 BLECTEO-PHYSIOLOGT.

with the surface of the muscle, the current developed is always

feebler than when the nervous filament does not form a part of the

circuit.

The nerve may, therefore, be considered as acting merely the part

of a bad conductor, representing the electrical state of that part of

the muscle nearest to it.

(595) The following experiments were made in confirmation of

this : Let a number of frogs' thighs be prepared by divesting them

of their legs and lumbar nerves ; let them be cut in half, removing

the inferior half thigh, instead of the superior as in the preceding

experiment ; and then let them be formed into a pile, making contact

between the nerve and the interior of the muscle, a muscular current

directed from the interior of the muscle to the surface (the nerve in

this case) will be obtained. Here, then, we find the same direction

in the muscular current relatively to the same parts, interior and

surface of the muscle ; as to the nerve, however, the direction of the

current is reversed.

Again, let a number of half frogs be prepared, the upper half of

each of the thighs being removed, so that each element is composed

of a leg united to a half thigh. Let them be formed into a pile, con-

tact being made between the under part of the leg and the interior

part of the muscle of the half thigh, a current will be obtained in the

direction of the current proper, but much feebler than that given by

a pile composed of an equal number of entire half thighs.

(596) This result was considered as a necessary consequence of

the existence in the animal of a current proper and & muscular current.

It must be remembered, that the leg alone of the frog gives the

current proper, and that the muscular current given by the half thigh

is directed always from the interior of the muscle to the surface. It

follows, then, that in this pile there must be two currents circulating

in contrary directions, which necessarily mutually weaken each other,

and since in this disposition a current in the direction of the currejtt

proper is obtained, it follows, that in the limbs of the frog this current

is more intense than the muscular current. The function of the

nerve was that of a feebly conducting body which represents the

electrical state of that part of the muscle which is nearest to it.

(597) Erom these and numerous other experiments, M. Matteucci

came to the conclusion that there are two distinct currents, viz.
:

1°.

Thefroff current, an upward Electro-motive power in the leg of the

frog and peculiar to this animal alone ; and 2°. A new current common

to the frog and all warm-blooded animals according to which the sur-

face of the muscle, including the expansion of the tendon, is positive in

relation to the interior of the muscle, the nerve which ramifies m the
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muscle and tlie whole nervotis system. In the latter part of the year

1842, the subject was taken up by Dr. Du Bois Eeymond, who m

January 1843, published a paper (ann : der Fhysich und Gimme Bd.

Iviii s 1 ) in which he showed: 1°. That currents in all respects sunilar

to the so-called frog current, may be observed in any limb of any

animal whether cold or warm-blooded. These currents m some limbs

are di^-ected upwards, as in the frogs' legs-in others, downwards.

They axe of different intensities in different limbs. But their intensity

and du-ection are always the same in the same limb of different mdi-

vidaals of the same species. 2°. That the Electro-motive action

on which these currents depend does not arise from the contact ot

heterogeneous tissues, as Volta supposed, for the different tissues, the

nerves, muscles, and tendons, in an electric pomt of view, are quite

homogeneous. 3°. That these currents are produced by the muscles.

If any undissected muscle of any animal be brought into the circuit

longitudinally, it generally exhibits an Electro-motive action, the

direction of which depends on the position of the muscle on the ends

of the galvanometer circuit.

(598) By longitudinal section of the muscle, Du Bois Eeymond

understands a surface formed only by the sides of the fibres of the

muscles considered as prisms. By transverse section of the muscle,

he understands a surface formed by the lase of the fibres of the

muscles again considered

a s prisms . Both the trans-

verse and the longitudinal

section may be either

artificial or natural ones.

Thus, in Eig, 225 a section

through a, I, would be an

artificial transverse one;

and a section through c, d, an artificial longitudinal one.

A natural transverse section is at each end of the muscle formed

by the ends of all the fibres, and hidden beneath a coating of tendi-

nous tissue, which is in connection with the tendon itself and m an

electric point of view plays the part of an indifferent conduct-

ing body (e, /, g, h, in the diagram). The natural longitu-

diaal section of the muscle is that part of its external surface which

extends from one natural transverse section to the other, being free

from the tendinous coating and exhibiting the red colour peculiar to

muscles (/, h, e.g.ia the diagram).

(599) The law of the muscular current may therefore be shortly

expressed as follows : " Any point of the natural or artificial longi-

tudinal section of the muscle is positive in relation to my point of the
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natural or artificial transverse section.^' By means of this law, it is. very-

easy to understand why the muscidar current in one instance appears

to be an upward, in another a downward one, according as the under

or the upper of the two transverse sections is made to touch one of

the ends of the galvanometer wire, whilst the other end is applied to

the longitudinal section of the muscle. Again, according to this law,

every particle of a muscle, however minute, ought to produce a

current in the same manner as the whole muscle or as a larger piece

Fig. 226. of it. This consequence is

true even as regards shreds of

muscle consisting of only a

few primary fibres. Pig. 226

represents the simplest case of

-\- -}- the muscular current observed

by Dr. Du Bois ileymond, the primary fibres being magnified 75

times.

The nerves, according to Du Bois E-eymond's observations, are

possessed of an Electro-motive power, which acts according to the

same law as the muscles. Whilst still in organic connection with

the muscles, and forming part of a circuit in which the muscles give

rise to a current, the nerves simply play the part of an inactive con-

ducting body, provided their own current be prevented from entering

the circuit.

PJiysiological Phenomena produced ly a Muscle during Contraction.

(600) The nervous filament attached to the leg of a prepared frog

being made to touch the thighs of another frog, both insulated, and

the lumbar nerves of the latter being touched with a voltaic pair,

contraction takes place not only in the muscles of the frog touched,

but also in i;he leg of the other ; the same happens if the lumbar

nerves be irritated with a pointed instrument, contraction always

taking place in the second frog, provided the contraction in the

muscles of the first be sufficiently strong. The same experiment may

be successfully repeated with a rabbit ; but Matteucci found that

when the nerve of a prepared frog's leg was laid on the bared muscle

of the thigh of a living rabbit, and the latter made to contract by a pile,

contraction was at the same time produced in the leg of the frog. If a

thin plate of gold, or any very thin insulating substance be interposed

between the muscle and the nerve, no contractions are excited in the

second frog ; but they are not prevented by a layer of thin unsized

paper. The phenomena cannot, therefore, be attributed to any

mechanical action exercised on the leg by its nerves.

(001) M. Becquerel, with whom M. Matteucci repeated these
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experiments after satisfying timself that an insiilated plate, even

when exti-emely thin, prevented the action of the mnsclea from

causing contraction in the nerve of another animal laid upon them

came to the conclusion that the phenomenon is only to be explained

by admitting an electrical discharge during the act of contraction.

At the instant the frog contracts, he supposes that there is an

electrical discharge through the^ extremity of the nerve of the leg

when this extremity is placed on the muscle, or when it is separated

from it by a band of moistened paper only : it discharges through

gold leaf because this conducts Electricity better than the nerve, a

fact analogous to that observed on placing a torpedo in a metal vice

which is held in the hand. In this case, the discharge takes place

through the metal, not through the hand. AU these effects can be

produced only from derived currents, and we must, therefore, admit the

production of an electrical discharge at the instant of the contraction

of the muscle. " If," says M. Becquerel, " experiments undertaken m
another direction should confirm the consequences to be deduced

from the experiments of Matteucci, this philosopher will have dis-

covered one of the most important properties of the muscles whHe

under the empire of life, or even for some time after death."

(602) M. Matteucci spared no pains in endeavouring to obtain

a satisfactory solution of this problem ; but his experiments were not

attended with results that were altogether conclusive. He com-

menced by shutting the circuit of a muscular pile, composed of Imng

animals, with the galvanometer, taking care that the needle was

arrested at a certain deviation, and he then aroused contractions m the

muscles in such a manner as to avoid augmenting directly the pre-exist-

ing current. To avoid all chances of error, it was necessary to avoid

augmenting the conductibility of the pHe ;
indeed, if this care be

not taken, it might be supposed that, although the contractions be

followed by an augmentation of the intensity of the current, this

second effect may be due to the better conductibility of the pile,

which allows the muscular current to circulate more easily. In

experimenting with muscular piles, it is found that, though the first

deviation may be considerable, the needle finally rests at a compara-

tively very small angle. Matteucci tried in vain to compose piles

of a certain number of elements, with living pigeons fixed on a board.

He then resorted to frogs, operating with the current proper. He

prepared a pile of eight or ten elements, and shut the circuit with the

galvanometer. The deviation, which at first amounted to 40° or SO**,

settled at 6° or 8"; when the needle was nearly stationary the frogs

were to be caused to contract. Here was the difficulty. His first

idea was to pass an electrical current through them ; but as one part
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of this current would pass ttrougli the galvanometer, it soon became

evident that this plan would not answer. Irritation of the spinal

marrow was then resorted to ; but although in some cases an aug-

mentation of the deviation, amounting to from 3° to 4°, was observed,

nevertheless it proved so difficult to preserve the integrity of the

circuit, owing to the violence of the contractions, that nothing like a

definite result could be obtained. Chemical agents were then em-

ployed ; an alkaline solution applied to the lumbar nerves gave the

best results. The contractions were not so violent, and they

remained longer, and they were followed by an advance of the needle

of the galvanometer of 5°, 6°, and sometimes of 10". That this was

not due to an increased conductibility of the surfaces in contact

between each frog, was proved by the effect failing on the second

application, and the circumstance of acids and salts not augmenting

the deviation ; neither was it occasioned by a chemical action, exer-

cised unequally on the nerves and muscles, giving rise to a current

moving in the same direction as the current proper. This, Mat-

teucci proved by a series of well-contrived experiments. In summing

up his results, however, he says :
" I cannot say that the question

is completely solved, and I must stop, not knowing how to proceed

in the investigation."

(603) More recently this curious subject has been investigated by

M. Du Bois Eeymond, and an explanation, founded on the following

la,w, offered : " "When any point of the longitudinal section of a

muscle is connected by a conductor with any point of the transverse

section, an electric current is established which is directed in the

muscle from the transverse to the longitudinal section; in other

words, the real seats of the electro-motive action are not only the

separate muscles >vhich compose the limbs, but the separate fibres

which compose these muscles." If the transverse and longitudinal

section of a muscle be in any way connected by the nerve of the

prepared limb, a current will proceed through the said nerve

from the latter section to the former. This. current announces

itself by the contraction of the muscle of the prepared limb on first

making contact. The contractions cease when the cm-rent is fairly

established in the nerve ; and on breaking the circuit, they are agaiii

observed. But it is not on the closing or the breakmg of the circuit

alone that the contractions are produced
;
every sudden fluctuation of

the current traversing the nerve is accompanied by contractions.

Applying this to the case before us, we find that the current of the

muscle against which the nerve of the prepared limb rests, circulates

through the said nerve. When the muscle is tetanized, this current

is diminished at each convulsive effort, and its fluctuations are
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answered by corresponding contractions of tho prepared limb. In

reply to this Matteucci denies that the nerve touches two portions

of the mnsc'le in the manner described by Du Bois Eeymond, but

the Paris Academicians seem to have been satisfied with the explana-

tion, for they came to the decision " that the above fundamental

fact' furnishes a direct [explanation of the induced contraction of

Matteucci."

The Influence of the Electric Current on living or on recently-hilled

Animals.

The general laws of the contractions and sensations excited hj the

electric cicrrent in nerves motor and sensitive.

(604) On applying the poles of a certain number of elements to

any part whatever of the body of an animal living or recently killed,

we find that they are seized with convulsions, which are sometimes

so violent and so general that one ahnost fancies that the dead animal is

restored to life (446) . We read in the annals of the science, of experi-

ments made at the period of the discovery of the pile,, which induced

some savants to imagine that they had discovered the principle of

life, merely from observing the grimaces produced by the electric

current in the facial muscles of decapitated animals.

Happily for science, this infatuation did not last long, and men

betook themselves, to a serious study of electro-physiological

phenomena. To commence with a general exposition of these

phenomena: When a pile of from fifteen to twenty couplets is

made to act on the living animal, taking care to include a portion

of the nervous system, it contracts, crooks its back, and utters a

cry. If the current be very strong, these phenomena persist when

the circuit is kept closed ; but usually it is only when the circuit is

formed and interrupted that they occur. By operating on animals

recently kiUed, the same phenomena, with the exception of the signs

of suffering, take place, and of aU animals the prepared frog is the

most sensible to feeble electrical currents.

(605) According to Nobili, the vitality of the nerve of a recently-

killed animal may be divided into flve periods, in each of which the

action of the electric current differs. In the flrst period, the direct

current

—

i. e. that directed from the brain to the extremities of the

nerves—produces contractions in the inferior muscles when it com-

mences and when it ceases its passage : the same phenomena are

produced by the inverse current. In the second period, when the

nerve begins to be less sensitive, the direct current produces con-

tractions at its commencement, while they become very feeble at the

instant it ceases to pass. The inverse current does not produce con-
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tractions on entering, but always on ceasing. In tbe tliird period,

contractions are only produced at tbe commencement of tbe direct,

and at tbe interruption of tbe inverse current. In the fourth period,

tbere is only contraction wben tbe direct current commences ;
and in

theffth and last period, the action of tbe current on tbe nerves is in

every case null.

(606) According to Marianini, tbe electric current transmitted

tbrougb a nervous trunk well insulated, produces contractions in tbe

inferior muscles in two cases only, viz., wben tbe direct current com-

mences, and wben tbe inverse current is interrupted. Tbe same

pbilosopber, by repeating witb extreme care tbe experiments of Lebot

and Bellingeri, came to tbe conclusion, tbat tbe direct current

produces a sensation wben it is interrupted, wbilst tbe same pbeno-

menon is developed by tbe inverse current tbe instant it commences.

Tbe following table may, tberefore, very simply express tbe general

law of tbe action of tbe current on a living or recently-killed animal,

as deduced by Marianini :

—

r wben it commences, . contraction of tbe inferior muscles

:

Direct \ p^g^-^ closed, notbing

;

(wben it ceases, sensations;

r wben it commences, .... sensations

;

Inverse \
^^^^^.^ ^^^^^^^ DOtbing

;

current
^^-^^^ ceases, . . contractions in tbe inferior muscles.

(607) Matteucci experimented on a rabbit in tbe following man-

ner : Tbe animal was secured on a board, and about an incb of its

sciatic nerves laid bare and well insulated ; it did not appear to suflfer

mucb pain, and tbere was very little bsemorrbage. Underneatb tbe

isolated portion of tbe nerves a long piece of varnisbed silk was

placed, and tbe nerves were tben wiped witb unsized paper, to be

certain tbat tbey were perfectly insulated ; one nerve was tben sub-

mitted to tbe direct, and tbe otber to tbe inverse current, tbe lengtb

comprised in tbe circuit being about two-tbirds of an incb A single

pair of zinc and copper, or of zinc and platina plates was employed
;

but witb tbe current from tbis battery, Matteucci was never able to

obtain any well-marked signs of suffering, nor of contractions in tbe

muscles above tbe ii-ritated nerve, but contractions always took place

in tbe inferior muscles on shutting or on opening either the direct or

tbe inverse current. By continuing for a certain time tbe action of

this cun-ent on tbe same points of the nerve, it was found tbat con-

tractions of tbe inferior muscles only take place at tbe commence-

ment of the direct current, and at tbe interruption of tbe inverse.

In these kind of experiments it is important not to submit the
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same nerve to the passage of two contrary currents, one after tlie

otlier, the passage of an electric current along a nerve being found

to modify in some way its excitability, for a current passed in the

contrary direction.

(608) "VYhen a battery of ten pairs was employed, the rabbit exhi-

bited distinct signs of suffering : at the comencement of the direct

current, aU the inferior muscles contracted, the rabbit squeaked,

contorted its back, and agitated its ears : the same occurred on

operating with the inverse current, and always took place at the

instant when the two currents ceased. By repeating this experiment

on several individuals, it was found in general that the signs of suiFer-

ing were strongest when the inverse current commenced, and that the

greatest muscular contractions were those produced at the commence-

ment of the direct ciu'rent. The commencement and interruption of an

electrical current of certain intensity, acting on a certain portion of

the nervous system, are followed then by the same phenomena, what-

ever may be the direction of this current through the nerve. By
continuing to operate on the same animal, it is easy to see that the

phenomena do not always take place in the same manner. The
variations which occur commence after a certain time, which is so much
the shorter as the current employed is more intense.

(609) By prolonging the action of the current on the living

animal, the following differences were noticed : "When the direct

current was interrupted, the contractions of the inferior muscles

became more feeble ; whilst they continued in the muscles of the

back, the ears were agitated, and the animal frequently uttered cries
;

when the direct current commenced, the effects were limited to con-

tractions of the inferior muscles. In the inverse current, the con-

tractions of the muscles of the back, the agitation of the ears, and
the cry, took place at the commencement, whilst the contractions of
the inferior muscles were hardly perceptible. At the interruption

of this current, the contractions of the inferior muscles took place,

while those of the back and ears, and also the cry, entirely dis-

appeared.

(610) Thus, then, the action ofthe electric current, which excites the
nerves of a living animal, may be reduced to two periods only. In
the first period, the excitation of the nerve is transmitted in every
direction to its periphery as well as to its centre, at the commence-
ment of the excitation as well as at its interruption, and that inde-
pendent of the direction of the current in the nerve. In the second
period, the excitation of the nerve is conveyed towards its extremities
by the direct current at its commencement, or by the inverse current
at its interruption

: on the contrary, the excitation of the nerve is
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transmitted towards tlae brain when the direct current is interrupted,

or when tlie inverse current commences.

These results may perhaps be expressed in simpler terms
:
the cur-

rent during the second period acts in the sense of its direction when

it commences, or in the contrary sense when it ceases.

(611) But in what way does the electric current produce contrac-

tions in the muscles of the back and head, when this current acts on

a nerve which does not ramify through these muscles ? How

happens it that, in opposition to the generally-received idea, muscular

contractions should be produced by the excitation of a nerve m a

backward direction ?
„ „ . • 4. tt^^

Matteucci answered this question by the followmg experiment He

cut the spinal cord of a rabbit arrived at the second period, and

found that the contractions of the muscles ahove the excited nerve

only affected those heloio, to the point where the cord had been cut,

and which were consequently comprised between the pomt excited

and the point where the nerve was cut. If the spmal cord be cut

altogether at its extremity, there will no longer be found contraction

at any point above the excited nerve. The phenomena produced by

the passage of the electric current are reduced, then, to the contrac-

tion of the inferior muscles, which takes place at the commence-

xnent of the direct current, and at the interruption of the inverse

Teit) It had been shown by Valli that after an animal had ceased

to exhibit contractions by the prolonged action of an electric current

through its nerve, the contractions may be renewed by causing the

current to traverse a portion of the nerve further removed from the

brain and nearer the extremities than before. Matteucci verified this

with several animals, proving the generality of this prmciple, viz

Lt the property of a nerve to excite contractions m the muscles

through Jhich it ramifies by the passage of a current, retires towards

the extremities of the nerve in proportion as its sensibihty dimi-

"^Jem By operating with the inverse current, it was found that

in proportion as the sensibihty of the nerve became dimmished, it

became necessary, in order to produce signs of suffering and contrac-

tions of the superior muscles, to make the current traverse portions

of the nerve nearer the Irain and further from the extremities
;

hence

tL conclusion that the portion of the nerve which at the introduc-

tion of the direct current, excites contractions in the miisc es, is so

ZchM^ from the central system a. the vitahty of the nerve

Tcom^strs; on the other hand, that the portion of the nerve

wWch at the introduction of the inverse current, excites pamful
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sensations, approaches nearei' the central system as the vitality of the

nerve becomes less.

"When recently-killed rabbits were submitted to the action of a

single couple, the inferior muscles contracted at the commencement

of the direct current, and at the interruption of the inverse, whatever

the direction in which it was applied ; but if the current were con-

tinued, those contractions alone were obtained which were due to

the commencement of the direct and the interruption of the inverse

current.

By numerous experiments on frogs, Matteucci convinced him-

self that the electric current acts only on the nerve, and that there

are not, as Marianini objected to Nobili, currents which run at

the same time directly, and in an inverse direction, following the

ramification of the nerve.

(614) It has been demonstrated by Marianini that contractions of

the muscles may be obtained at the interruption of the current with-

out the production of those due to its commencement. He has also

shown that the contraction due to the interruption of the current

may be obtained without destroying the circuit, but by diverting it

from the body of the animal by a better conductor ; he has also

ascertained that this contraction, which takes place at the interrup-

tion of the current, is stronger in proportion as the circuit has been
closed a longer time : from his experiments he has drawn the con-

clusion that during the passage of a current through a nerve in the
direction of its ramification, there is one portion of the Electricity

which accumulates in this nerve, which at the instant of the inter-

ruption of the circuit discharges itself, traversing the nerve in a con-

trary direction, thus giving rise to the contraction produced by the

inverse current, at the moment of its interruption. Matteucci, how-
ever, objects to ihis hypothesis, which he thinks inconsistent witli

the knowledge we possess of the conducting power of nervous sub-
stance, and of the manner in which it propagates Electricity through
the muscles.

TJie Action of the Electric Current during its passage across the
Nerves and Muscles at tie same time on living or recenthj-Jcilled

Animals.

(615) If it were possible entirely to deprive muscle of all nervous
filaments, we might hope to discover the action of the electric cur-
rent on muscular fibre, and thus resolve the question which, since
Haller's time, has agitated physiologists; viz.. whether muscular
fibre of itself, independently of all external action conveyed through
its nerve, is capable of undergoing contraction, and whether the
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excitation of the nerve is merely ooe cause of awakening kr^^i^ity

of the muscle, or if, on the contrary, in order to produce contraction

of this muscle, its nerve should be previously irritated.

f 610-1 When a nerve has been for a certain time separated from

th eentrlnervous system, ^^''^T^fSt
ing contractions in the muscles through v^hich it ramifies by nrnta

1 or by the action of an electrical current. Matteucci found
^

o

th^'a Bile of eight or ton couples produced no action on the sciatic

Itles'o frogs poisoned with nux vomica, even when the current wa

nied Ing the extremities of this nerve, although the same current

rected Sugh two points of a muscle of the same animal awakened

? contractions. He hence concludes, That the property of

^^eC rrlr fibre to contract when subnntted to external

a^tionrlhcther directed on the fibre itself or on the nerves ramrfr

is inherent in itself. 2'. That the motor nerves, u:ntated

S'«r— whatever, produce contractions m the mnscks in

1 r tW ramifv by awakening this inherent property of the

tll l Al nerves lo!e this property by the ^tion o

muscle, o
aenaration at a certam distance from the

narcotic poisons ;
by th^- separ^^^^^^

^ ^ .^^^^^^^^^

rfl'tt'pofnt of "tated ne;ve'and the muscles
;
by the

between the points 0
jent of any permanent

tW ^LttTon i the nerve, which is proved by the pro-

and substantia ^^ra on m ^^.^^^

perty possessed by thi n^^^^^^^ ^

which may be
«ffJ of the muscular fibre should con-

lastly, m order that the—
i y ^^^^ ,i„^taneous action

r^^s—T^r^gCrlerves, and of the blood by which it is

From these principles it seems possible to predict, d priori,

(617) ^'^°"_™ '
ji„;„f an electrical current which traverses

tfmusclt atd a th^ same time aU the nervous filaments

"T n
*

tteet H this muscular mass be traversed by the current

ramifjmgtherem. XI
principal nervous trunks dis-

in a direction paraUel to that ot t^"^ F
contraction

. -1, t J tliprein it seems evident that me reaui^mg

t u teSr than that produced by the same current teans-

should be steonge ^^^^^ ^^^^^ I„a,ed.

i.ittedma d«ect«n nj^ ^ ^^^^

fte oontrac -n^bt iu^d
^^^^ ^

proper to the muscu
^^.^^ ^^^^^^^^

^LX. - .a^e t..— - law. of

'^:^:^'::'Zt^^^^^^ - ^^^^^^
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from that found to belong to the action of a current limited to the

Matteucci carefully removed all '^'S- 227.

the visible nervou3 filaments from

the thighs of rabbits, from the

breasts of pigeons, and from the

hearts of several other animals ;
in

this state he passed through them a

current from twenty or thirty pairs,

and he found that the muscles

always underwent contraction when

the circuit was closed. The con-

traction only lasted for a moment,

and seemed to consist in a sort of

•shortening of' the fibres, which

caused them to oscillate and knit

up ; on keeping the circuit closed,

the fibres regained their original

condition, but again contracted,

though more feebly than before, on.

interrupting the current. The di-

rection of the current had no in-

fluence on the result, and if the

circuit was kept closed for a con-

siderable time, there was no con-

traction on interrupting it. Thus,

then, visible nervous filaments are

not necessary for the production of

muscular contractions by the electric

current, though much greater effects

are produced by a current on a nerve

than on a similar breadth of muscu-

lar fibre, which might be expected from the very great superiority of

conducting power possessed by the muscle.

(618) When an electrical current is passed through a prepared

frog, arranged as shown in Eig, 227, where the current is direct for

one of the legs and inverse for the other, the following phenomena

are observed : At the commencement of the experiment, when the

animal is very active, both legs contract, at the commencement as

well as at the interruption of the current. As vitality diminishes,

only one of the legs contracts ; that which is traversed by the direct

current contracts at the commencement, and that traversed by the

inverse current at the interruption. These results are analogous to

Gt Q
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those obtained by operating with the current on the nerve alone,

and it is principally to the action of the current which traverses the

attached nerve, and ramifies through the muscle, to which the action

of the current, which traverses at the same time the nerves and the

muscles, is due. It had been noticed by Marianini that, on including

two arms in the circuit of a pile of forty or fifty elements, a much

stronger shock is experienced in the arm in contact with the negative

pole than in that in contact with the positive ; now it is easy to see

that in this experiment the great nervous trunks of one arm are tra-

versed by the direct current, and those of the other by the inverse

current, and as, by experiments on the nerve during its first period

of vitality, it has been established that the contractions excited by

the commencement of the direct current are always greater than

those excited by the commencement of the inverse, it seems that we

have only to admit that the contraction produced in a muscle by a

current is due, in a great measure, to the action of this current on

the nerve which ramifies through the muscle, iu order to explain the

difference of the intensity of the shocks experienced in the two arms

in the above experiment.

The Action of cm Mectric Current traversing a Nerve normally to

its length.

Fig. 228. Matteucci made

the following experi-

ments : Two frogs'

legs were prepared,

their nervous fila-

ments being pre-

served, and arranged

on an insulated sur-

face, in such a manner

that the two nervous

filaments crossed at

right angles, as shown,

in Pig. 228, one ofthe

nerves was cut m half, »d the two newly-formed
ff^^'^'^J'T

TZZeA about an iuoh, or m inch and a quarter distant from the

the other te; the sm-faces of the divided nerve were then

' TTi Ter
—

" —rrzi nitu
irtsfd w^er hut the i^terp-d uerve^^. ueve.

theless, it was only the leg, the nerve of which was touched oy
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extremities of the pile, that contracted, the other leg, the nerve of

•which was traversed normally by the current, remained at rest ; and

althono-h, when a great number of couples was employed, contractions

were obtained in both legs, the experiment distinctly proves that an

electric current which traverses a nerve normally to its length, has

less power of arousing contractions in the muscles through which it

ramifies, than the same current when it traverses the same length of

nerve longitudinally.

The Causes ichich modify tlie Action of the Mectric Current on the

Nerves.

(619) 1st. Alternations of the Current.—U the current from a

certain number of couples be allowed to pass during the twenty-five

or thirty minutes through a frog, arranged as in Fig. 228, it is found

that on interrupting the circuit, and immediately shutting it again,

the animal undergoes no contraction in either case. The time

required to produce this efiect varies according to the force of the

pile and the vitality of the frog. When the animal is reduced to

the point at which it ceases to contract, if the poles of the pile be

reversed, or if the frog be turned over, so that the current may be

transmitted through the .limbs in a contrary direction, contractions

are obtained anew on shutting the circuit for the limb in which the

current is direct, and on interrupting it for the other. If the cur-

rent be left shut in this second position of the frog, it is found after

a certain time (which is always shorter than in the first case) that

the animal ceases to contract, whether on opening or on shutting the

circuit. This being obtained, it is necessary to reverse anew the

position of the frog, or that of the poles of the pile, by which the

animal becomes traversed by a current similar to that at the com-

mencement of the experiment ; it then contracts anew on shutting

the circuit for the limb traversed by the direct, and on interrupting

it for the other. These alternations continue for a certain time,

growing gradually weaker, and the contractions becoming less, ac-

cording to the time required for passing from one alternation to

the other.

(620) These facts may be simply expressed thus : The current

which traverses a motor nerve in a living or recently-killed animal,

and which continues to pass along this nerve for a certain' time, so

modifies its excitability as to render it insensible to its passage as

long as it traverses in the same direction, but the excitability of the

nerve recovers under the influence of the same current directed in a

contrary way : when, then, a nerve has been thus modified by the

passage of a current, we may restore to it the excitability it has lost

G G 2
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by sending througli it for a certain time a current, directed in a con-

trary way from that wliicli destroyed its excitability. It bas been

shown by Marianini that the phenomena above described may be

referred entirely to the weakening of the action of the current,

directed in a certain direction through the nerves, and to a restora-

tion of this action by a current directed in a contrary way. It seems

then, that there exists in the living animal a force which wrestles

continually against the property of an electrical current, to weaken

the excitability of a nerve through which it traverses in a given

direction. It is this force which, in the living animal, is capable of

re-establishing the excitabHity which the nerve has lost, provided it

be left for a certain time unacted upon by the current. This has

been well established by the experiments of Marianini, and it is an

ascert^iined fact, that repose produces in a Hving animal, the nerves

of which have lost their excitability by the action of an electrical

current, the same effect as the passage of a current through the

nerves in a contrary direction. That tbe phenomena of alternations

are produced entirely by the action of the current on the nerve was

proved by Matteucci, by passing a current through a piece of muscle,

deprived as much as possible of all nervous -filaments
;
he never

found, on reversing the position of the extremities of the pile, that

the lost power of contraction was regained.

(621) The alternation which is produced in a nerve by the pas-

sage of an electrical current, is not independent of its direction rela-

tively to the ramification of the nerve. The direct current destroys

the excitability of the nerve much more quickly than the inverse

current The following experiment confirms this :
A prepared frog

was cut at the union of the two bones of the thigh
;

it was

then placed with its paws in two basins of water, and a current

from sixty to eighty couples was passed directly for one limb, and

inversely for the other. In performing this experiment care must be

taken that the frog does not leap out of the basins. The contrac-

tions continued for some seconds after the closing of the cn-cuit, and

it was remarked that the limb traversed by the direct current palpi-

tated for a certain time. After fifteen, twenty, twenty-five, or thirty

mLtes, according to the degree of vitality in the animal, the water

the two basins was united by a metallic arc, by which a great

T^ortion of the current was caused to leave the animal, and tne hmb

traversed by the inverse current was found to contract. On remov-

ine ihe arc the contraction ceased. The experiment was repeated

e?e al times with a similar result. In order to be still better

aslured that the nerves of the two limbs have become differently ex-

c table, the frog may be arranged with its nerves in one glass, and
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its Wo feet in a second. Then, on passing the current, one of the

limbs is seen to contract, sometimes at the commencement, some-

times at the interruption, according as the current is direct or

inverse. In both cases, the limb which contracts is always that

which has been traversed by the inverse current in the first experi-

ment. When, by the continued passage of the current only, one of

the limbs of the frog has become capable of contraction, the direction

of the current may be reversed, so that the limb before traversed by

the inverse current shall now be traversed by the direct, and vice

versa. It is then found that, by continuing the current for a certain

time, the limb whict had lost the power of contraction has regained

it, although this property has ceased in the other.

(622) It may then be concluded, 1°. That the passage of an

electric current across a nerve weakens its excitability in a difierent

manner, accordmg to its direction. 2°. That the passage of the

direct current renders the nerve less excitable by this same current

than the passage of the inverse current.

On submitting two frogs, similarly prepared, for from ten to fifteen

minutes, one to the passage of a continuous current of forty-five

couples, and the other to the current of a similar pile, the action of

which was broken and renewed at short intervals, Matteucci found

that the nerves of the animal that had been subjected to the inter;;

rupted current were much more weakened than those of the other,

and it required a stronger power to excite the former than the latter.

Marianini also remarked that of two frogs, one traversed by a con-

tiuuous current always in one direction, the other by a similar

cm-rent sent sometimes in one direction and sometimes in the other,

the first suffered least in loss of excitability.

(623) 2nd. Ligature of the Nerve.—It is a well-known fact, that

when in a living or recently-killed animal, a nerve is tied and

irritated above the ligature, i. e., towards the brain, no contractions

ensue, but the animal exhibits signs of sulFering
;
and, on the other

hand, that when the nerve is irritated below the ligature, strong

contractions of the inferior muscles ensue, without any signs of

suffering being evinced. The same general results are obtained

when the electrical current is the stimulant employed, but in this

case the ligature must be tied tightly, and care must be taken

perfectly to insulate the animal operated upon.

(624) 3rd. Poiso?«s.—Carbonic acid gas, nitrogen, and chlorine do

not weaken the excitability of a nerve submitted to an electrical

current ; the same may be said of sulphuretted hydrogen. Hydro-

cyanic acid, on the other hand, possesses a remarkable power of

weakening the excitability. It begins by exciting tetanic convulsions
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in frogs exposed to its influence ; and if they are prepared in this

state, and submitted to the action of an electric current, they still

contract, especially if the current traverses the nerves and muscles

at the same time, or the muscles only. But if the frogs poisoned by

this acid be submitted to an electrical current, after they have ceased

to exhibit tetanic convulsions, it is very rarely that contractions can

be obtaiaed with the current from a single pair passed along the

lumbar nerves. A very strong current only produces very feeble

contractions, and the excitability altogether disappears after some

seconds.

Death by the electric discharge destroys almost entirely the ex-

citability of a nerve by an electric current, bu^ the muscles of the

animal do not lose their irritability, for the current still excites con-

tractions in them.

(625) The action of narcotic poisons is curious. The animals are

first brought to a state in which the most feeble contraction suffices

to agitate their whole frame
;
they then assume the tetanized con-

dition, during which their limbs become completely stiffened, and

after a few minutes aU movement ceases. When a frog was sub-

mitted to the action of a current in the first of these conditions,

contractions were obtained as usual, both at the commencement and

at the interruption of the circuit, whatever its direction. During

the second period the following phenomena were observed: By

operating on the nerve alone, its excitability was found to be weak-

ened. Sometimes the tetanic convulsions were prolonged for some

seconds, although the spinal cord was cut. But if, instead of pre-

paring the frog thus tetanized, it was submitted to the passage of a

current from a pile, of thirty or forty pairs directed along its body,

the frog, which an instant before was quite rigid, experienced a smart

shock at the commencement of the current, and then, by leaving the

circuit shut, the tension of the muscles relaxed. Matteucci in this

experiment remarked one diff"erence between the direct and the

inverse current. The current directed from the feet to the head

excited at the commencement a shock which was weaker than that

produced at the commencement of the direct current. This difference

between the action of the two currents is in accordance with the

general laws already detailed.

Lastly, during the third period of the narcotic poisonmg the ex-

citability' of the nerve was found either null or nearly so, while the

muscular fibre still exhibited contractions when submitted to the

electric current.
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Tie Action of tie JElectric Current on tie Nerves of lie Senses,

and on tie Great Sympathetic Nerve.

(626) All the researches in electro-physiology that have been

undertaken from the commencement of the science of galvanism to^

our own time, have proved that the current acting on the nerves of

the senses only brings into play the special action appertaining to

each of, these nerves, a proof that the electric current acts merely as

other stimulants.

It was Volta who first demonstrated the existence of a sensation

of light when the electrical current traverses any point of the optic

nerves. The experiment is easily made by touching with an ele-

mentary couple the eye or eyelid and the tongue. Whatever may

be the intensity of the current, it is only the sensation of Hght that

is perceived. K we reflect that this sensation may be produced by a

very feeble current, and one certainly incapable of exciting a muscular

contraction sufficiently strong to shake the eye, it must be admitted

that the effect is really to be ascribed to the excitation of the optic

nerve. An analogous phenomenon is produced when the current is

made to act on the auditory nerves. Volta, on applying the two

poles of a pile to his two ears, experienced a lissing, a sort oijerking

noise, which continued all the time the circuit remained closed.

According to Eitter, the sensation is only experienced at the com-

mencement of the current, and the noise is sharper at the negative

pole-
. . .

(627) Again, in the experiment of Sulzer, a taste is experienced

when the tongue is traversed by an electrical current. This taste is

sourish when a plate of zinc is placed at the base of the organ and a

plate of silver on the surface, the two plates being brought into con-

tact; by reversing the position of the plates, the taste becomes

alkaline, but this feeble intensity current could not certainly be

supposed to decompose the salts dissolved in the saliva A similar

sensation was experienced by Yolta by taking in his hand a goblet of

pewter filled with a moderately alkaline solution, and bringing the

base of the tongue into contact with the liquid- It must be

remarked that the taste was soiir, which excludes entirely the i(iea

that it was occasioned by the contact of the alkaline liquor with the

tongue. It seems evident, therefore, that the taste excited by the

electric current must be owing to the special excitation of the gusta-

tory nerves. In general, then, the effect of a current acting on the

nerves of the senses is to awaken the special function of those

nerves.

The passage of an electric current through the cardiac and
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splancTinig^ue nerves of a living or recently-killed animal increases

or arouses the proper motion of the heart and intestines ; but what

is very remarkable, the phenomenon due to the passage of the cur-

rent, instead of commencing at the very instant the circuit is closed,

only begins after a certain time, and continues for some time after

the current has ceased. It must not be forgotten that all other

stimulating agents, vias., alkalies, mechanical irritation, heat, applied

to the ganglion nerves act in the same manner as the electrical cur-

rent. The direction of the current is of no consequence in these

experiments.

The Differences letween the Action of the Mlectric Current and that

of other Stimulants.

(628) It is known that heat, alkalies, or mechanical irritation

applied to the motor or sensitive nerves of a living animal occasions

at the same time sensation and contractions in the inferior muscles,

the excitation of the nerve is then transmitted at the same time to

the centre and to the extremities. When, by the continued applica-

tion of these stimulants, the excitation of the nerve is prolonged, the

effects grow weaker, or disappear altogether according to the duration

or the intensity of their action.

(629) The electrical current produces the same effects, which,

however, very shortly, cease ; and an animal may have its nerves

traversed by a current for a very long time without exhibiting the

least signs; but the moment the current ceases, the phenomena

reappear. In proportion as the vitality of the animal becomes

weakened, and as the current continues to pass, the resulting pheno-

mena cease to exhibit any analogy to those produced by other stimu-

lants. We have seen that the action of the current differs according

to its direction relatively to the ramification of the nerves. Thus the

animal experiences a sensation when the inverse current commences,

and a contraction when it ceases, and the contrary for the direct

current. It is also known that whatever the stimulant applied to a

nerve, it only excites contractions in those muscles through which its

branches ramify.

(630) The electrical current, as we have seen, produces in some

cases contractions in the superior muscles, and thus exercises an

action that may be called retrograde. It has been proved that these

X)henomena depend on a reflex action through the spinal chord,

which only becomes manifest with other stimulants when the animal

is placed in particular and abnormal conditions.

A difference even more remarkable than that above cited between

the action of stimulants, heat, mechanical and chemical irritations,
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&c., and that of Electricity, consists in tte power possessed by the

current of preserving for a longer time than other stimulants, the

excitability of the nerve, and, indeed, of re-establishing in certain

cases the excitability it has lost.

(631) The electrical current may traverse for a long time the nerves

of a Hving or a recently-kiUed animal, without destroying in these

nerves the°excitability brought into play by a current sent in a con-

trary direction, and when the nerve, by the prolonged action of the

current, has lost this faculty, it may again be restored by the passage

of a contrary current.

In whatever manner stimulants may be applied to a nerve, its

excitation never fails, and contractions and sensations always follow.

The only difference is one of degree, depending on the intensity of

the action of the stimulant, and the extent of the nerve submitted to

it.

(632) The principal differences indicated by experiment between

the action which is excited on the nerves by the electric current, and

that excited by other stimulants, may be summed up thus :—

1°. The electrical current, according to the direction in which it

traverses a nerve, has alone the power of exciting separately, some-

times contractions, sometimes sensations.

2°. The electrical current alone, whilst traversing a nerve trans-

versely, produces none of the phenomena due to the excitability of

the nerve,

3°. The electrical current ahne produces no effect when its passage

through a nerve is continued.

4°. The electrical current alone occasions the continuation of the

excitation of a nerve, after its action upon it has ceased.

5°. The electrical current alone possesses the power of re-esta-

blishing the excitability of a nerve when it is transmitted in a direction

contrary to that of the current which had destroyed or weakened this

excitability.

6°. The electrical current is of all stimulants that which pos-

sesses for the longest time the property of arousing the excita-

bility of a nerve, however weak it may be compared with other

stimulants.

The Selafion hetween tJie Ulectric Current and tJie unJcnown force of

the Nervom System : hypothetical views of the nature of this

force.

(633) Erom the conclusions deduced in the last section, it appears

that the mode of action of the electric current on the nerves, more
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simple than tliat of other stimulants, is at tlie same time, in some mea-

sure, analogous to the unknown force which works in the nervous

system. But can we hence conclude that this imknown force is none

other than the electric current ? We must be very careful in draw-

ing this conclusion, which ujifortunately has been so often readily-

embraced.

Is there an electrical current in the nerves of a living animal ?

and can it be applied to the explanation of the functions of the

nervous system ?

(634) The muscular electric current is a phenomenon which has

been proved to derive its origin from chemical actions constituting

the nutrition of the muscle. It has also been seen that this current,

altogether analogous to that which is produced during the combina-

tion of two bodies, only exists between the molecules, and never cir-

culates in these bodies but in particular cases, which have been

realized in the muscles of living or recently-killed animals. The

nerves have not a direct influence on the existence of this current,

and they play no other part than that of a bad conductor, which com-

municates with certain parts of the muscle.

(635) Matteucci has sought unsuccessfully for an electrical cur-

rent in the nerves of a living animal. He introduced steel needles

into the muscles of living frogs, rabbits, and dogs, in various direc-

tions relatively to the muscular fibre, and connected them with the

terminal plates of his delicate galvanometer, but could obtain no indi-

cations of an electrical current, nor was he more successful with the

galvanoscopic frog ; he subsequently tried the experiment on the

sciatic nerve of a living horse, but without obtaining any trace of an

electric ciu:rent. Indeed, from what is known of the properties and

laws of propagation of electricity, it seems impossible to conceive the

existence of an electrical current included in the nerves ;
in order to

admit it, such a disposition in the structure of the nervous system as

would suface to form a closed circuit must be proved, but this anato-

mists have not yet done. Matteucci made the following experiment,

in order to ascertain, in an indirect manner, whether the nervous sys-

tem might readily form a closed circuit for the electric current. He

laid bare, in two difi^erent points of its length, as far from each other

as possible, the sciatic nerve of a Hving animal: viz. above the thigh

to the extremity of the leg. He introduced the limb into a spiral in

connection with a smaller spiral containing an iron wire
;
he then

touched the points of the uncovered nerve with the extremities of a

pile, in order to send a current through it, but no satisfactory indi-

cation of an induced current could be obtained.
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(636) The electric cm-rent, then, does not exist in the nerves of a

H^4n- animal : the laws of its propagation require conditions which

are not found in the nervous system, and it is certain, that the

nervous force, whatever it may be, is not Electncity. What relation,

then is there between these two forces? Matteucci's laborious

electro-physiological inquiries lead him to the following conclusions:

There exists between the electrical current and the unknown force ot

the nervous system an analogy, which, if it be not susceptible of

the same degree of evidence is, however, of the same kind, as that

existing between heat, light, and electricity. In all the phenomena

of electric fishes, the faculty of producing electricity, with which

they are endowed, is under the direct dependence of the nervous

system; and there is in these animals a structure, a certam disposi-

tion of particular parts of their organism, which, by the agency of the

unknown force of the nervous system, enables them to disengage

electricity. The parallelism which has been clearly shown to

exist between muscular contraction and the electric discharge of

fishes, proves distinctly that the two functions depend immediately

on those of the nervous system.

(637) The development of Electricity by a crystal of tourmaline

when heated, clearly proves the relation between heat and Elec-

tricity : a similar relation between the nervous force and Electricity

is demonstrated by electric fishes. Electricity is not, however, the

nervous force, any more than heat is Electricity : the one changes

into the other in the one case, by the form of the integrant molecules

of the crystal ; and in the other, by the structure of the • electric

organs. In physics we are daily advancing towards a simplification

of our hypotheses, or more exactly, towards a single hypothesis

serving to explain aU the phenomena of heat, light, and Electricity.

"What hypothesis, indeed," says Mattexicci, " is more worthy of the

rank to which it is sought to be elevated, than that of a body which

is capable of a variety of difi"erent movements, susceptible of trans-

formation from one into the other, and so representing phenomena

very difierent from each other?" The most essential characters of

this body, such as the immense rapidity in the propagation of its

motions, the transformation of one motion into another, &c., belong

to the unknown force of the nervous system, as to Electricity, light,

and heat. The relation between two of these movements of ether,

motions which we have been accustomed to call imponderahles,

becomes much more intimate when not only one of these bodies can

be transformed into another, but when each in its turn can be trans-

formed into the first.

(638) Have we this reciprocity between the unknown force of the
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nervous system and the electrical current ? In a word, is the elec-

trical current transformed into the unknown force of the nervous

system ?

We know, by experiment, that a nerve traversed by an electric

current, in the direction of its length, is excited in such a manner as

to produce either contraction or sensation. It is necessary for this

purpose that the nerve be traversed in the direction of its length

;

that it shall not have been long separated from the central parts of

the nervous system, and that it be not submitted for too long a time

to the passage of the current, or to the action of other stimulants.

(639) Heat, mechanical or chemical action, may, like the electric

current, arouse the excitability of a nerve, and thus produce con-

traction and sensation. Are we hence to conclude that these

chemical, mechanical, and calorific actions are transformed into an

electric current, which alone has the power of exciting a nerve ? "We

should be by no means warranted in drawing such a conclusion, and

as it has been proved that the unknown power of the nervous system

is not Electricity, so we have no reason to believe that stimulants

—

viz., heat, chemical or mechanical action, act by producing an elec-

trical current when applied to a nerve.

(640) We may conclude, then, with Miiller, that the electrical

current, which under certain conditions traverses a nerve, determines

in it a change similar to that produced by the unknown force of the

nervous system, when it is there excited by external actions, or by

the action of the will.

It seems, however, natural and just to suppose that this change

effected in the disposition of the elementary organs of a nerve,

whether by the act of the will, or by the electric current, or other

stimulants, is accompanied in every case by a species of current of

the unknown force of the nervous system. This force Matteucci

denominates Mher, in order to explain by one hypothesis all the

phenomena of imponderables, and the analogy of the nervous force

with these other forces.

(641) All philosophers agree in the imposibility of explaining the

immense rapidity of the propagation of light, of radiant heat, of

Electricity, without having recourse to vibratory onotion. The

unknown force of the nervous system is not less rapidly propagated.

Ether distributed through all points of the nervous system, as through

the whole universe, takes the character of the nervous force, through

the modifications introduced in the relative disposition of the mole-

cules by the organization of the nervous substance. The different

structure of the nervous fibres, and especially that of their origin and

extremities, such as the microscope is now unfolding, may serve to
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explain wliy the molecular change of the nerve which constitutes its

excitable state, is less rapid in the ganglionic system than in the

other nerves, and why in certain nerves, the excitability is propagated

only in a certain direction.

The nervous fluid in this hypothesis is what we suppose heat, elec-

tricity, and light to be, viz., a peculiar vibratory motion of ether.

(642) To sum up in a few words these hypothetical views : There

is in all parts of the nervous system, as in all bodies in the universe,

a diffused ether, which in this system may have a particular arrange-

ment, as it is admitted to have in certain crystalline bodies. "When

the organic molecules of the nerves are from any cause deranged, the

ether, or more properly the nervous fluid, is put into a certain motion,

which reaching the brain produces sensation, and arriving at the

muscles determines contraction. This derangement may be produced

by the electric current, by heat, by chemical and mechanical action,

as it is naturally by the will ; the propagation of the motion will be

materially interfered with by any alteration whatever in the structure

of the nerve.

(643) Matteucci concludes by ofiering the following explanation of

the action of the electric current on the nerves :

—

Let it be admitted that the electrical current, which traverses a

nerve in the direction of its length, determines a derangement in the

direction of this current, as the experiments of Porrett and Becquerel

have proved ; let it be admitted that this derangement is accompanied

by vibratory movements of the nervous fluid, which are propagated

to the extremity of the nerve parallel to the direction of the organic

derangement. This current of the nervous fluid produces sensation

if directed from the extremities towards the brain, and contraction if

directed from the brain towards the extremities. From this it follows

that an electric current traversing a nerve normally can produce no

phenomenon. The direct current produces contraction when it enters,

and sensation when it ceases. The inverse current, on the other hand,

produces sensation when it enters, and contraction when it ceases.

The phenomena observed during the first period of the vitality of the

nerve show that when the organic disposition of the nerve is perfect,

its molecules are deranged in every direction by the application of

any kind of stimulant, but always more so in the direction of the

electric current than in the opposite direction. In proportion as the

structure proper of the nerve ceases to be perfect, the phenomena
produced by the current are those which take place in the direction

in which this force acts with most intensity. Other stimulants produce

in the structure of the nerve a derangement of a more permanent

nature, and which, unlike that produced by the electric current, does
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not cease till the exciting cause is removed. An electrical current

which traverses a nerve for a certain time, finishes by permanently-

deranging its molecules, hence the reason why the prolonged action

of the same current ceases after a time to produce its peculiar action

on a nerve. A current in the contrary direction will bring back the

molecules of the nerve into their former condition, and restore to

them their capability of being excited by a current in the same direc-

tion as the first. The passage of an electrical current through a

nerve in a different direction, the successive interruption of this

current, and its greater intensity, are the causes most likely to pro-

duce a permanent derangement in the structure of a nerve.

JDu Bois BeymoncPs experiment of producing an electric current ly

muscular contraction.

(644) If it be granted that the muscular current is developed in

the muscle itself, which Du Bois Eeymond's researches have abun-

dantly proved, it can scarcely be doubted that it is in a state of circu-

lation during the life of the animal. It has been seen (598) that on

connecting the transverse and longitudinal section a current appears

;

but such a connection exists naturally in the body, and hence the

inference is a fair one that such currents are perpetually present, and

that the current which we perceive in the galvanometer is, in fact,

but one of the branches of this pre-existing current. A live frog

was disposed with its two legs dipping into two vessels fiUed with

salt and water, and connected with either extremity of the galvano-

meter. Now, it was long ago shown by NobiH, that a current

exists in the frog directed from the foot, wpward^ ; but in the

case before us, we have two such currents, one at each foot, which

meet at the j auction of the limbs, annul each other, and consequently

produce no effect on the galvanometer. But suppose one of these

currents to be enfeebled, while the other retains its full strength, the

result will be that the excess of the latter current should produce a

deflection. Du Bois Eeymond accordingly severed the ischiotic

nerve of one of the frog's legs, and thus deprived the limb of all

power of motion ; he then poisoned it with strychnia
;
strong convul-

sions followed, the uninjured limb contracted violently, its muscular

current was thereby diminished, and the current of the other limh was

immediately exhibited ly the galvanometer.
_

(645) Du Bois Eeymond immediately tried the experiment on

himself He placed the first finger of his right hand in one vessel,

and the corresponding finger of his left hand in the other; but

instead of cutting his nerves, as in the case of the frog, he suffered
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the left arm to remain at rest, and contracting the other forcibly,

produced a deflection of the needle ; when the left arm was contracted

and the right one suffered to remain at rest, the needle was deflected

in the opposite direction. The current always proceeded from the

hand of the contracted arm to the shoulder : but remembering the fact

that it is the excess of the current of the motionless arm which is

here observed, we are led to the inference, that in the normal state

of the arm the direction of the current is fro^n the shoulder to the

hand.

(646) The publication of this result created a considerable sensa-

tion; it was received by many with doubt and misgiving. Some

eminent men undertook to repeat the experiment : their resiilts were

negative, and for a time the opinion was predominant that Du Bois

Eeymond was in error, and that M. Humboldt, who took a conspi-

cuous part in the affirmative side of the question, had suflEered himself

to be misled. But if the conditions of the experiment be rigidly

fulfilled, the experiment will always succeed.*

(647) JElectricfishes :—There are some remarkable instances of the

generation of Electricity in living animals, to whom the power seems

principally to be given as a means of defence. Of these animals the

E.aia Torpedo appears to have been noticed at a very early period,

since we fijid a description of its properties in the writings of Pliny,

Appian, and others. It inhabits the Mediterranean and North Seas

;

its weight when full grown is about eighteen or twenty pounds.

It is jfrequently met with also upon the Atlantic coast of France,

as well as along our southern shores, especially in Torbay, where it

attains a great size. It is taken by the trawl in company with its

cogenitors, the rays. At Malta it is kno'WTi by the name of Saddayla,

a term which has reference to its benumbing power : in France it is

called La Tremble, and with us it has various designations, as the

cramp or numb fish, and the Electric Bay. Dr. Davy has recently

reduced the four previous recognised species of torpedo into two
species, viz. : the torpedo diversicolor, and the torpedo oculata, a

term having reference to certain markings on the back which have

been likened to eyes.

(648) The generic characters of the torpedo (Henry Letheby) are

:

The disc of the body is nearly circular ; the pectoral fins large
;

the two dorsal fins are placed so far back as to be on the tail ; the

surface of the body is smooth ; the tail short and rather thick, and

the mouth armed with small sharp teeth.

* It was several times repeated by Dr. Du Bois Eeymond during Ms lectures

on Electrophysiology, delivered at the Royal Institution in the spring of 1855.
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It is an ovo-viviparoua animal, the young being matured in their de-

scent along the oviduct, where they are retained for several months

;

and during this detention, the yolk bag disappears and the fish are

perfected ; the electrical organs also become gradually developed.

Dr. Davy thinks these are formed from matters which are absorbed

by the bronchial filaments ; an opinion which he deduces from the

fact of these not attaining such great size and length in other rays,

while they also drop off when the organs are complete.

(649) When touched the torpedo communicates a benumbing sensa-

tion, and by repeated contacts gives a series of electric shocks. In the

Philosophical Transactions, 1773 and 1775, there are accounts of some

experiments of Mr. Walsh on this animal. He placed a living torpedo

on a wet napkin, and formed a communication through five persons, all

of whom were insulated. The person at one extremity touched some

water in which a wire, proceeding from the wet napkin, terminated
;

the last person in the series having a similar mode of communication

with a wire, which at intervals could be brought into contact with

the back of the animal. In this manner shocks were com-

municated to the five, and afterwards to eight persons. Mr. Walsh

could not succeed in affecting the electroscope, or in obtaining a spark

by this electricity. But he observed that every time the animal gave a

shock,which was not generaUyperceptible beyond the finger with which

it was'touched, a contortion ofthe body followed, as if the animal were

anxious to make its escape ; its eyes were also depressed, so that he

could tell by observing the eyes, when the animal attempted to make

a discharge, even upon non-conducting bodies. Mr. Cavendish con-

structed an artificial torpedo of wood, connected with glass tubes and

wires, and covered with a piece of sheep-skin leather. To render the

effect of this instrument more like that of the animal, with regard to

the difference of the shock in and out of the water, it was necessary

to substitute thick leather in the place of the wood
;
and with this

improvement the apparatus succeeded admirably. In air the sensa-

tion of the shock was experienced at the elbows ;
but under water it

was confined chiefly to the hands. On touching thi? artificial torpedo

under water, a shock was obtained as powerful as if it had been

touched by both hands. Being touched under water with two

metaHic spoons, it gave no shock ; but in air, the shock was very

strong Cavendish also made an estimate bet\veen the strength of

his artificial torpedo and that dissected by Hunter, with reference to

surface His own battery consisted of seventy-six feet of coated

surface and he calculated that the animal retained a charge fourteen

times as great as that of the battery, or was equivalent to one thou-

sand and sixty-four feet of coated glass.
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(650) In the Philosophical Transactions for 1773, there is a detail

of the anatomical structure of this curious fish, from the pen of the

celebrated Hunter.*
" The nerves," he says, " inserted into each electric organ, arise by-

three large trunks from the latter and posterior parts of the brain.

The first of these, in its passage outwards, turns round a cartilage of

the cranium, and sends a few branches to the first gill, and to the

anterior part of the head, and then passes into the organ at its ante-

rior extremity. The second trunk enters the gills between the first

and second openings, and furnishes it with small branches, passing

into the organ near the middle. The third trunk, after leaving the

skull, divides into two branches, which pass to the electric organ

through the gills, one between the second and third openings, the

other between the third and fourth, giving small branches to the gill

itself. These nerves having entered the organs, ramify in every

direction between the columns, and send in small branches on each

partition, where they are lost,

" The magnitude and number of the nerves bestowed on these

organs, in proportion to their size, must, on reflection, appear as

extraordinary as the phenomena they afford. Nerves are given to

parts either for sensation or for action. Now, if we except the more

important senses of seeing, hearing, smelling, and tasting, which do

not belong to the electric organs, there is no part, even of the most

perfect animal, which, in proportion to its size, is so liberally supplied

with nerves, nor do the nerves seem necessary for any sensation

which can be supposed to belong to the electric organs. And with

respect to action, there is no part of any animal with which I am
acquainted, however strong and constant its natural actions may be,

which has so great a proportion of nerves. If, then, it be probable

that these nerves are not necessary for purposes of sensation or

action, may we not conclude that they are subservient to- the forma-

tion, collection, or management of the electric fluid ? especially as it

appears evident, from Mr. AValsh's experiments, that the will of the

animal does absolutely control the electric powers of the body, which

must depend upon the energy of the nerves."

Pig. 2291 represents a female torpedo, the skin B having been

flayed from the under surface of the fish to show the electric organs

A. The nostrils in the farm of a crescent are shown at e, and the

mouth, having also a crescent fomi opposite the nosti'ils, at d ; the

mouth is furnished with several rows of small hooked teeth. The

* For a detailed account of the anatomy of this fish, see also Proceedings of

the Electrical Society, p. 512.

+ Encyclopajdia Britannica, art. Electricity.
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Fig. 229. bronctial apertures are shown at

E, five being on eacli side. E is

the place of the heart ; ff g g the

place of the anterior transverse

cartilages; 7i Ti the exterior margin

of the great lateral fin; i its inner

margin on the confines of the

electrical organ ; I the abdomen

;

m m the place of the posterior

transverse cartilages which is

single, united with the spine, and

sustains the smaller lateral fins

nn OTX each side ; o is the anus,

and p the fin of the tail. Each

organ is about five inches long

and about three inchelbroad at the anterior end, and half an inch at

the posterior extremity. Each organ consists wholly of perpen-

dicular columns reaching from the upper to the under surface of the

body, and varying in their lengths according to the thickness of the

parts of the body where they are placed. The longest column

is about 11 inches, the shortest about a ^th of an inch, and then^

diameter about -Mhs of an inch. The figures of the
.

columns are

irregular hexagons or pentagons, and sometimes have the appearance

of being quadrangular or cylindrical. The number of columns m

the fish examined by John Hunter was 470 in each organ
;
but m a

very large fish, 4i- feet long and weighing 73 pounds, the number was

1,182 in each organ. The number of partitions in a column one

inch long was 150.
i 4.1,

(651) A great number of experiments on the electricity ot the

torpedo were made by MM. Gay Lussac and Humboldt. The fish

were taken in the Gulf of Naples. Though their power cannot be

compared with that of the gymnotus, a person accustomed to electric

shocks can with dif&culty hold in his hands a torpedo of twelve or

fourteen inches, in possession of all its vigour. The shock is most

powerful when the animal is raised above the surface of the water.

It moves its pectoral fins convulsively every time it emits a stroke,

whereas the gymnotus gives its strongest shocks without making any

movement. A shock is not necessarily felt on touching the fish
;

it

must be irritated, thus proving the action to depend on the will of

the-animal ; but it can give along series of shocks vat\^ great rapidity,

and the stroke is felt on touching it with a smgle finger. M. Gay

Lussac noticed this remarkable difi-erence between the torpedo and

the gymnotus, that, whereas, the latter could give its shocks through
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an iron rod several feet long, the former may be touched with impu-

nity with any conducting substance ; direct contact with the electrical

organ of the fish is indispensably necessary for the reception of a shock.

(652) "When the torpedo is placed on a metallic plate, of very

little thickness, so that the plate touches the inferior surface of the

organs, the hand that supports the plate never feels any shock,

though another insulated person may excite the animal, and the con-

vulsive movement of the pectoral fins may denote the strongest and

most reiterated discharges. If, on the contrary, a person support

the torpedo placed upon a metallic plate with the left hand as in the

foregoing experiment, and the same person touch the superior surface

of the electrical organ with the right hand, a strong shock is then

felt in both arms. The sensation is the same when the fish is

placed between two metallic plates the edges of which do not

touch, and the person applies both hands at once to these plates.

The interposition of one metallic plate prevents the communication

if that plate be touched with one hand only, while the interposition

of two metallic plates does not prevent the shock when both hands

are applied. In the latter case, it cannot be doubted that the circu-

lation of the fluid is established by the two arms. M M. Gray Lussac

and Humboldt carried the torpedo with impunity between two plates

of metal, and felt the strokes it gave, only at the instant when they

ceased to touch each other at the edges.

(653) The electric phenomena of the torpedo have been minutely

studied by Matteucci. {Ti'aite des Phenomenes Electro-Physiologiques

des Animaux.) The following is a brief resume of his conclusions :

He alludes to the extraordinary diff"usion of the electric discharge of

the torpedo in a liquid. A tub, five feet across, was filled with salt

water, and a torpedo held in the hand close to one side, a prepared

frog being suspended at the other extremity. Every time the fish

discharged, the frog contracted violently ; an effect which could not

be produced by a pile of very great force, especially if it be con-

sidered that a great portion of the current circulates through the

hand, and that another large portion must :
circulate by the surface

itself of the animal.

Movements, sometimes scarcely sensible, are perceived in the body

of the torpedo when it gives an electric discharge ; and sometimes

these movements are very considerable. By the following experi-

ment, however, it was proved that the fish can discharge without any

change in the volume of its body taking place : A moderate-sized

female torpedo (5^ in.) was introduced into a jar of salt water, a

prepared frog being laid upon its body. The jar was accurately

closed, and a glass tube of small diameter was fixed into the top.

H H 2
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After having weU luted the mouth, the glass was filled with water

till the fluid rose in the tube to a certain height. The torpedo from

time to time gave electric discharges, and the frog contracted, but

the level of the water in the tube remained unaltered.

(654) The torpedo has not the power of directing its discharge

through any particular object. When the fish is very lively, and its

discharges strong, shocks are felt wherever the fish is touched
;

but

when it has become weak, the shocks are not felt over the whole

body, but only in the neighbourhood of the electric organs.

By means of his galvanometer, Matteucci deduced the following

general laws relating to the distribution of Electricity in the body ot

the torpedo:— "

,

r. All the dorsal parts of the organ are positive to aU the ventral

^''2^' Those points of the organ on the dorsal face which are above

the nerves which penetrate this organ, are positive, relatively to other

points of the same dorsal face.
_

3°. Those points of the organ on the ventral face, which correspond

to those which are positive on the dorsal face, are negative, relatively

to other points of the same ventral face.
, •,

•
i

(655) By passing the discharge from the torpedo through a spiral

of copper wire enclosing a steel needle, the needle was magnetized

in such a manner as to show the direction of the current to be from

the back to the under part of the belly. To measure the intensity

of the discharge, Linari employed the electro-magnetic balance ot

Becquerel, and on comparing with this instrument the discharge of a

moderate-sized torpedo with that of a battery of nine jars, exposmg

a coated surface of ninety-four square inches, the former was found

to be much more intense than the latter.

The same philosopher obtained marked heating effects, by passmg

the discharge of the fish along a thermo-electric couple.

Electro-chemical decomposition had been effected by Dr. John

Davy Matteucci repeated his experiments with success and by

emp oying an apparatus something similar to that ^^^^

Gassiot, in his experiments on the gymnotus at the Adelaide

GaUeryi he succeeded in obtaining brilliant sparks.

The Causes which influence the Mectric Discharge of the Torpedo.

(656) Among external causes may be mentioned the mass and

temperature of the water, and the degree of irritation to which the

animal is exposed. The activity of the electric function is propor-

tional to the circulation and respiration of the annual. Matteucci

found that a torpedo that was giving discharges, consumed more
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oxygen than another that was quiet ; and on introducing a small and

very feeble fish, that could scarcely give any sensible shocks, under

a receiver filled with oxygen gas, it became agitated, and gave five or

six strong discharges before it died. When the electric organ of the

torpedo is destroyed, either by the action of mineral acids, or by

boiling water, the fish loses its power of giving discharges, but,

before its power fails, it gives several strong shocks. If one of the

electric organs be rapidly separated from the living fish, the dis-

charge may be obtained by irritating the nerves, which proves that

the integrity of the circulation of the blood in the organ is not

necessary for the production of the electric power.

(657) In order to destroy entirely the power of the fish to give

discharges, it is necessary to cut all four of the nerves leading to the

electric organ ; when one or more nerves are cut, the discharge is

confined to those parts of the organ among which the uncut nerves

ramify. The discharge may also be prevented by tying the nerves

;

but even where the nerves are cut, discharges may be obtained by

irritating them, unless the nervous trunks have previously been acted

on by caustic potash. Of the four lobes of the brain, the fourth

only is found to actuate the electric current ; it is hence called the

electric lobe. Strong discharges and muscular contractions ensue on

touching it ; if it be destroyed, all electric power is lost to the animal,

although the rest of the brain remains untouched.

(658) The action of electric currents on the nerves of the electric

organs may be thus stated :

—

1°. That in the first period after death, during which the vitality

of the nerves is still very great, the electric current, direct or inverse,

invariably produces the discharge, both at its commencement and. at

its interruption.

2°. In the following period of vitality, the discharge is only pro-

duced by the commencement of the direct current, and by the inter-

ruption of the inverse.

(659) The following are the general conclusions drawn by

Matteucci from the results of his researches on the torpedo :

—

1°. The electric discharge of the torpedo, and the direction of this

discharge, depends on the will of the animal, which, for this function,

has its seat in the brain.

2°. The Electricity is developed by the organ of the torpedo, com-

monly called the electric organ, under the influence of the will.

3°. Every external action which is directed on the body of the

living torpedo, and which determines the discharge, is transmitted

by the nerves of the irritated point to the electric lobe of the brain.

4°. Every irritation directed on the fourth lobe, or its nerves, pro-
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duces no other phenomenon than the electric discharge. This lobe

and its nerves may therefore be called electric lohes and nerves, as we

say, nerves of sensation, nerves of motion, nerves of organic life.

5°. The electric current which acts on the lobe or its electric

nerves, produces only the discharge of the organ, and this action of

the currrent remains longer than that of all other stimulants.

(660) The gymnotus is another fish possessed of electrical pro-

perties ; it is a native of the warmer regions of America and Africa,

inhabiting large rivers, especially those of Surinam. In Africa it

chiefly occurs in the branches of the Senegal. It is so named from

the absence of the dorsal fin. There are several species, aU inhabit-

ing fresh-water lakes and rivers ; but one species alone is electrical.

In general aspect it very much resembles an eel,—the body is smooth,

without scales (a peculiarity of all electrical fishes), a long ventral

fin extends from just behind the head to the very extremity of the

tail ; around the mouth are many papillje lodged in crypts, which are

merely mucous glands. The mouth is armed with sharp teeth, and

projecting into it are numerous fringes, which, from their vascularity,

doubtless serve a purpose in respiration. The oesophagus is short,

terminating in a capacious stomach with thick rugose parietes. The

rest of the alimentary canal is short, doubled on itself, and terminates

in the cloaca, which is situated in the mesial line, a few inches from

the under jaw. The whole cavity of the abdomen is not more than

seven inches long, and contained, in the female specimen examined

by Dr. Letheby, besides the alimentary canal, ovaries filled with ova

of a bright orange colour, the heart, the liver, and upper part of the

air bladder. The rest of the animal is made up of the electrical

organs and muscles of progression, together with an air sac, which

runs beneath the spine the whole length of its body. The Gymnotus

was first described by Eicher, in 1677, and its anatomical structure

by Mr. Himter, in the 63rd and 65th volumes of the Philosophical

Transactions. The electric organs consist of alternations of different

substances, and are most abundantly supplied by nerves ;
their too

frequent use is succeeded by debility and death. That these oi^ans

are not essential to the. animals, is proved by their thriving after they

have been removed.

Pig. 230 represents a copy of Hunter's engraving of the gymnotus,

in which the skin is removed to show the structure : a represents

the lower surface of the head ; c the cavity of the belly ;
h the anus

;

e the back, where the skin remains
;

5- the fin along the lower edge

of the fish ; e e the lateral muscles of this fin, removed and laid back

vsdth the skin to expose the small organs ; I part of the muscle left

in its place
;
//the large electrical organ -JihTi the small electrical
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Fig. 230.

organs; m mm the suljstance wHch separates tlie two organs; and

n the place where the substance is removed. These organs occupy

nearly one-half of the part of the flesh in which they are placed, and

form more than one-third of the whole fish. There are two pairs of

electrical organs of different sizes, and placed on different sides
;
the

large one,/, occupies the whole of the lower and lateral part of the

fish constituting the thickness of its fore-part, and extending from

the abdomen to near one end of the tail, where it terminates nearly

in a point. The two organs are separated at the upper part by the

muscles of the back, at the lower part by the middle partition, and

by the air-bag at the middle part. The lesser organ stretches along

the lower edge of the fish, and nearly as far as the other, terminating

ahnost insensibly near the end of the tail. The two small organs

are separated from each other by the middle muscle and by the bones

in which the fins are articulated. The large organ may be seen by

merely removing the skin, which adheres to it by a loose cellular

membrane ; but in order to see the small organ, the long row of small

muscles which move the fin must be removed. The electrical organs

consist of two parts, viz., flat partitions or septa, and thin plates or

membranes intersecting them transversely. The septa are thm

parallel membranes, stretching in the dii-ection of the fish's length,

and as broad as the semi-diameter of the animal's body. The septa

vary in length, some of them being as long as the whole body. In

a fish two feet four inches long, the distance of the septa was nearly

half an inch ; and in the broadest part of the organ, which was one

and a quarter inch, there were thirty-four septs. In the small organs

the septa have a somewhat serpentuie direction. They are only the

fiftieth of an inch distant, and there are fourteen septa in the breadth

of the organ, which is half an inch. The very thin plates which

intersect the septa have their breadth equal to the distance between

any two septa. There is a regular series of these plates from one

end of any two septa to the other end, 240 of them occupying a

single inch.*

* The anatomical structure of the gymnotuB has more recently been studied

by Dr. Letheby. See his paper in the Proceedings of the London Electrical

Society, p. 367.
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(661) The gymnoti abound in the large rivers of South America,

the Orinoco, the Amazon, and the Meta ; but the force of the cur-

rents and the depth of the water prevent them from being caught

by the Indians. They see these fish less frequently than they feel

shoclcs from them when swimming or bathing in the river. In the

Llanos, particularly in the environs of Calabozo, between the farms

of Morichal and the Upper and Lower Missions, the basins of stagnant

water and the confluents of the Orinoco (the Eio Guarico and the

Canos Eastro, Berito, and Paloma), are filled with electric eels.

(662) The following graphic account of the capture of this fish ia

taken from Humboldt's Travels to the Equinoctial Eegions of

America (Bohn's edition, vol. ii. p. 114)';. " We wished at first to

make our experiments in the house we inhabited at Calabozo ; but

the dread of the shocks caused by the gymnoti is so great and so

exaggerated among the common people, that during three days we

could not obtain one, though they are easily caught, and we had pro-

mised the Indians two piastres for every strong and vigorous fish.

This fear of the Indians is the more extraordinary as they do not

attempt to adopt precautions in which they profess to have great

confidence. "When interrogated on the eflTect of the tremhladores,

they never fail to tell the Whites that they may be touched with

impunity while you are chewing tobacco. This supposed influence

of tobacco on animal electricity is as general on the continent of

South America as the belief among mariners of the effect of garlic

and cotton on the magnetic needle.

" Impatient of waiting, and having obtained very uncertain results

from an electric eel which had been brought to us alive, but much

enfeebled, we repaired to the Cano de Bera, to make our experiments

in the open air and at the edge of the water. To catch the gymnoti

with nets is very difficult, on account of the extreme agility of the

fish, which bury themselves in the mud. The Indians, therefore, told

us that they would fish with horses. We found it difGLcult to form

an idea of this extraordinary manner of fishing, but we soon saw our

guides return from the savannah, which they had been scouring for

wild horses and mules. They brought about thirty with them, which

they forced to enter the pool.

" The extraordinary noise caused by the horses' hoofs makes the

fish issue from the mud, and excites them to the attack. These yel-

lowish and livid eels, resembling large aquatic serpents, swim on the

surface of the water, and crowd under the beUies of the horses and

mules. A contest between animals of so different an organization

presents a very striking spectacle. The Indiana, provided with

harpoons and long slender reeds, surround the pool closely; some
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climb up the trees, tte brandies of which extend horizontally over the

sui-face of the water. By their wild cries and the length of their reeds,

they prevent the horses from running away and reaching the bank of

the pool. The eels, stunned by the noise, defend themselves^ by the

repeated discharge of their electric batteries. Tor a long interval

they seem likely to be victoriotis. Several horses sink beneath the

violence of the invisible strokes which they receive from all sides in

organs the most essential to life ; and stunned by the force and

frequency of the shocks, they disappear under the water. Others

panting, with mane erect and haggard eyes expressing anguish and

dismay, raise themselves and endeavour to flee from the storm by

which they are overtaken. They are driven back by the Indians into

the middle of the water, but a small number succeed in eluding the

active vigilance of the fisherman. These regain the shore, stumbling

at every step, and stretch themselves on the sand, exhausted with

fatigue, and with limbs benumbed by the electric shocks of the

gymnoti.

" In less than five minutes two of our horses are drowned. The

eel being five feet long, and pressing itself against the belly of the

horses, makes a discharge along the whole extent of its electric organ.

It attacks at once the heart, the intestines, and the cseliac fold of the

abdominal nerves. It is natural that the effect felt by the horses

should be more powerful than that produced upon man by the touch

of the same fish at only one of his extremities. The horses are

probably not killed, but only stunned. They are drowned from the

impossibility of rising amid the prolonged struggle between the

other horses and the eels.

" We had little doubt that the fishing would terminate by killing

successively aU the animals engaged ; but by degrees the impetuosity

of this unequal contest diminished, and the wounded Grymnoti dis-

persed. They require a long rest and abundant nourishment to

repair the galvanic force which they have lost. The mules and horses

appear less frightened : their manes are no longer bristled, and their

eyes express less dread. The gymnoti approach timidly the edge of

the marsh, where they are taken by means of small harpoons fastened

to long cords. When the cords are very dry, the Indians feel no

shock in raising the fish into the air. In a few minutes we had five

large eels, most of which were but slightly wounded. Some others

were taken, by the same means, towards evening."

(663) These eels measured from five feet to five feet three inches

in length. They were of a fine olive-green colour, the iinder part of

the head being yellow, mingled wibh red. Two rows of small yellow

spots were placed symmetrically along the back from the head to the
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end of the tail ; each spot contained an excretory aperture, in conse-

quence of whicli the skin of the animal was constantly covered with

a mucous matter, which conducts Electricity twenty or thirty times

better than pure water. The shock from a very large and strongly-

irritated gymnotus, Humboldt describes as being "more dreadful

than that from a large Leyden jar." By imprudently placing both of

his feet on an eel just taken out of the water, he received a stroke

which affected him during the rest of the day with a violent pain in

the knees, and in almost every joint. The sensation caused by feeble

shocks was analogous to that painful twitching produced by the con-

tact of two heterogeneous metals with a wounded surface.

(664) The electric action of the fish depends entirely on its will.

It does not keep its electric organs always charged, and it can direct

its action towards the point where it feels itself most strongly irri-

tated. When two persons insulated, or otherwise, hold each other's

hands, and only one of these persons touches the fish with the handj

either naked or armed with metal, the shock is most commonly felt

by both at once. OccasionaDy, however, in the most severe shocks,

the person who comes into immediate contact with the fish alone

feels them. Humboldt could not obtain a spark from the body of

the fish by irritating it for a long time during the night in perfect

darkness. It had been stated by Schilling that the gymnotus ap-

proaches the magnet involuntarily. Humboldt did not find this to

be the case, neither could he discover any phenomena of attraction

or repulsion by employing the most delicate electrometer.

(665) The gymnoti are held in dread and detestation by the

natives. They furnish, indeed, when divested of their electric

organs pretty good food, but they destroy other fish, and are gene-

rally the sole inhabitants of the ponds and pools in which they are

found. All the inhabitants of the waters dread their society
;
they

are avoided even by alligators and lizards ; tortoises and frogs speedily

desert the pools in which they reside. It became necessary to change

the direction of a road near Ilritucu, because the electric eels Avere

so numerous in one river that every year they killed a great number

of mules as they forded the river with their burdens. (Humholdt.)

(666) A fine specimen of the gymnotus (Fig. 231 being a correct

Fig. 231.

representation) was for some time in the possession of the proprietors

of the Gallery of Practical Science in Adelaide Street. It was brought
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to this couutry by Mr. Porter, and deposited iu tlie Gallery in

August, 1838, wliere it remained in a healthy and vigorous condition

till March 14th, 1842, when it died from the effects of a rupture of a

blood-vessel consequent upon expansion of the ovarium.

The length of this fish was forty inches. At first it was fed with

blood, which was nightly put into the water, which was changed for

fresh water in the morning
;
subsequently it was supplied with small

fish, such as gudgeons, carp, and perch, one of which, on an average,

it consumed daily.

(667) It may not be uninteresting to give a brief account of some

of the experiments made by Dr. Paraday with this fish, the results

having afibrded every proof of the identity of its power with common

Electricity.*

1st, Shock.—This was very powerful when one hand was placed on

the body near the head, and the other near the tail. When the drt/

hands grasped metallic conductors in contact with the fish, scarcely

any shock was felt ; but when the hands were wetted, smart shocks

were experienced.

2nd, Galvanometer.—A pair of collectors were thus constructed : a

plate of copper, eight inches long by two inches and a half wide, was

bent into a saddle shape, that it might pass over the fish, and enclose

a certain extent of the back and sides, and a thick copper wire was

brazed to it, to convey the electric force to the experimental appara-

tus ; a jacket of sheet caoutchouc was put over the saddle, the edges

projecting at the bottom and the ends ; the ends were made to con-

verge so as to fit in some degree the body of the fish, and the bottom

edges were made to spring against any horizontal surface on which

the saddles were placed. The part of the wire liable to be in the

water was covered with caoutchouc.

By causing the fish to send a powerful discharge through these

collectors, a galvanometer of no great delicacy being included in the

circuit, a deflection of the needle amounting to 30° was produced

;

the deflection was constantly in a given direction, the electric current

being always from the anterior parts of the animal through the gal-

vanometer wire to the posterior parts. The former were, therefore,

for the time, externally positive, and the latter negative.

(668) Making a Magnet.—When a little helix, containing twenty-

two feet of silked wire wound on a quill, was put into the circuit,

and an annealed steel needle placed in the helix, the needle became

a magnet, and the direction of its polarity in every case indicated a

current from the anterior to the posterior parts of the gymnotus

through the conductors used.

* Experimental Researches, 15tli Series.
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(669) Chemical Decomposition.—Polar decomposition of iodide of

potassium was obtained by moistening three or four folds of paper in

the solution, placing them between a platinum plate and the end of a

platinum wire, connected respectively with the two saddle conductors.

Whenever the wire was in conjunction with the conductor at the

fore part of the gymnotus, iodine appeared at its extremity; but

when connected with the other conductor, none was evolved at the

place on the paper where it before appeared. By this test Dr.

Paraday compared the middle part of the fish with other portions

before and behind it, and found that the conductor A, which being

applied to the middle, was negative to the conductor B applied to

the anterior parts, was, on the contrary, positive to it when B was

applied to places near the tail. So that, within certain limits, the

condition of the fish externally at the time of the shock appears to

be such that any given part is negative to other parts anterior to it,

and positive to such as are behind it.

(670) Evolution of Heat.—The experiments were not decisive on

this point, as might be expected; the instrument employed was a

Harris's thermo-electrometer.*

(671) Sparh.—The electric spark was first obtained in the follow-

ing manner : A good magneto-electric coil, with a core of soft iron

wire, had one extremity made fast to the end of one of the saddle

collectors, and the other fixed to a new steel file ; another file was

made fast to the end of the other collector. One person then rubbed

the point of one of these files over the face of the other, whilst

another person put the collectors over the fish, and endeavoured to

excite it to action. By the friction of the files contact was made

and broken very frequently ; and the object was to catch the moment

of the current through the wire and belix, and by breaking contact

during the current to make the Electricity sensible as a spark. The

spark was obtained four times : a revolving steel plate, cutfile-fasMon

on its surface, was afterwards substituted for the lower file ; and for

the upper file, wires of iron, copper, and silver, with all of which the

spark was obtained.

In subsequent experiments the spark was obtained directly

• Mr. Gassiot, however, by employing an electrometer of peculiar construction,

having, instead of one straight wire, two separate wires, one of fine silver and the

other of fine platinum, made under the personal inspection of Sir William Harris,

has succeeded in developing the heating power of the gymnotus. In the first

experiment (made on the 21st of May, 1839), the circuit was completed through

the platinum wire, when the liquid in the electrometer rose one degree.

In the second experiment the circuit was completed through the sUver wire,

when the liquid rose two degrees.
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between fixed surfaces, the inductive coil being removed, and only

short wii'es used. The apparatus employed was a glass globe,

through the upper cap of which a copper wire, slightly bent at its

lower extremity, and carrying a slip of gold leaf, was passed; a

similar wire terminating with a brass ball within the globe was

passed through the lower cap. The gold leaf and brass ball were

brought into all but actual contact, and when the wires were con-

nected vdtli the saddle collectors, and the fish provoked to discharge

a current of Electricity, the gold leaf was attracted to the baU, and a

spark passed.*

(672) "When tbe stock is strong, it is like that of a large Leyden

battery charged to a low degree, or that of a good voltaic battery of

perhaps one hundred or more pairs of plates, of which the circuit is

completed for a moment only ; and great as is the force of a single

discharge, the fish is able to give a double, and even a triple shock,

with scarcely a sensible interval of time. Dr. Earaday endeavoured

to form some idea of the qiiantity of Electricity, by connecting a

large Leyden battery witb two brass balls above three inches in

diameter placed seven inches apart in a tube of water, so that tbey

might represent the parts of the gymnotus to whicb the collectors

had been applied ; but to lower the intensity of tbe discharge, eight

inches in length of six-fold wetted string were interposed elsewhere

in the circuit, this being found necessary to prevent the easy occur-

rence of the spark at the ends of the collectors when they were

applied to the water near to the baEs, as they bad been before to the

fish. Being thus arranged, when the battery was strongly charged

and discharged, and the hands put into the water near the balls, a

sbock was felt much resembling that from the fish ; and though the

experiments have no pretension to accuracy, yet as the tension could

be in some degree imitated by reference to the more or less ready

production of a spark, and after that, the shock be used to indicate

whether the quantity was about the same, Dr. Earaday thought that

it may be concluded that a single medium discharge of the fish was

at least equal to the Electricity of a Leyden battery of fifteen jars,

* It was Mr. Gassiot, we believe, who first obtained attractions of gold leaves in

tlie following manner :

—

A common glass tumbler, having two small boles drilled on each side, was

inverted on a wooden stand : two copper wires, with small brass balls attached,

were passed through the holes ; to each ball a strip of gold leaf was fixed about

1 inch long and \ of an inch wide : the leaves being placed pai-allel to each other,

were then approximated to within about -^-^ or of an inch. On making contact

with the eel, the leaves were not only attracted, but were actually fused, scintil-

lating in the most beautiful manner.
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containing 3,500 square inches of glass coated on botli sides, and

charged to its highest degree.

(673) Numerous other interesting experiments were made by Dr.

Paraday with this fine specimen of the gymnotus, from ail of which

it was rendered evident that all the water, and all the conducting

matter around the fish, through which a discharge circuit can in any

way be completed, is filled at the moment with circulating electric

power, and this state might be easily represented by drawing the

lines of inductive action upon it. In the case of a gymnotus sur-

rounded equally in all directions by water, these would resemble ge-

nerally iu disposition the magnetic curves of a magnet, having the

same straight or curved shape as the animal, i. e., provided he, in

such cases employed, as may be expected, his four electric organs at

once. That all the conducting matter around the fish is filled at the

moment with circulating electric power, was proved by the fact, that

a number of persons all dipping their hands at the same time into

the tub, the diameter of which was forty-six inches, received a shock

of greater or less intensity according as they were more or less

favourably situated with regard to the direction of the current.

(674) The gymnotus can stun and kill fish which are in very

various positions to its own body. Dr. Faraday describes the be-

haviour of the eel on one occasion when he saw it eat, as follows

:

A live fish, about five inches in length, caught not half a minute

before, was dropped into the tub. The gymnotus instantly turned

round in such a manner as to form a coil enclosing the fish, the latter

representing a diameter across it : a shock passed, and there in an

instant was the fish struck motionless, as if by lightning, in the

midst of the water, its side floating to the light. The gymnotus

made a turn or two to look for its prey, which having found, he

bolted, and then went searching about for more. Living as this

animal does in the midst of such a good conductor as water, it seems

at first surprising that it can sensibly electrify anything ;
but in fact

it is the very conducting power of the water which favours and

increases the shock by moistening the skin of the animal, through

which the gymnotus discharges its hatteri/. This is illustrated by

the fate of a gymnotus which had been caught and confined for the

purpose of transmission to this country. Notwithstanding its won-

derful powers, it was destroyed by a water-rat, and when we consider

the perfect manner in which the body of the rat is insulated, and

that even when he dives beneath the water not a particle of the

liquid adheres to him, we shall not feel surprised at tlie catas-

*''°(675) The gymnotus appears to be sensible when he has shocked
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an animal, being made conscious of it, probably, by the meohanical

impulse he receives, caused by the spasms into which he is thrown.

When Dr. Paraday touched him with his hands, he gave him shock

after shock ; but when he touched him with glass rods, or insulated

conductors, he gave one or two shocks felt by others having their

hands in at a distance, but then ceased to exert the influence, as if

made aware it had not the desired effect. Again, when he was

touched with the conductor several times for experiment on the gal-

vanometer, &c., and appeared to be languid or indifferent, and not

willing to give shocks, yet, being touched by the hands, they, by con-

vulsive motion, informed him that a sensitive thing was present, and

he as quickly showed his power and willingness to astonish the

experimenter.

(676) In these most wonderful animals, then, we behold the power

of converting the nervous into the electric force. Is the converse of

this possible ? Possessing, as we do, an electric power far beyond

that of the fish itself, is it irrational or unphilosophical to anticipate

the time when we shall be able to re-convert the electric into the

nervous force ? Seebeck taught us how to commute heat into Elec-

tricity, and Peltier, more recently, has shown us how to convert

Electricity into heat. By (Ersted we were shown how to convert

the electric into the magnetic force, and Earaday has the honour of

having added the other member of the full relation, by re-acting back
again and converting magnetic into electric force.

(677) The following are the experiments suggested by Earaday, as

being rational in their performance and promising in anticipation :

—

1°. If a gymnotus or torpedo has been fatigued by frequent exer-

tion of the electric organs, woiild the sending of currents of similar

force to those he emits, or of other degrees of force, either conti-

nuously or intermittingly, in the same direction as those he sends
forth, restore liim his powers and strength more rapidly than if he
were left to his natural repose ?

2°. "Would sending currents through, in the contrary direction,

exhaust the animal rapidly ?

3°. When, in the torpedo, a current is sent in the natural direc-

tion, i. e., from below upwards, through the organ on one side of the

fish, will it excite the organ on the other side into action ? or if sent

through in the contrary direction, wUl it produce the same, or any
effect on that organ ?

4". "Will it do so if the nerves proceeding to the organ or organs

be tied ? and will it do so after the animal has been so far exhausted
by previous shocks, as to be unable to throw the organ into action in

any, or in a similar, degree of his own wiU ?
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.

(678) It is for the physiologist to pursue this inquiry :
to him it

belongs to connect these two branches of physical philosophy, a

minute acquaintance with practical auatomy being quite as indis-

pensable as a thorough knowledge of the laws of Electricity. " Never,

however," as Daniell observes, " was there a more tempting field of

research, or a higher reward ofiFered for its successful cultivation,

than that which is presented by animal Electricity"

(679) In the autumn of 1839, Professor Schoenbein of Bale, went

through a series of experiments with the London gymnotus, and

obtained results entirely in accordance with those just described.

One fact, however, was observed during the decomposition of iodide

of potassium which greatly surprised those who witnessed it. At

the instant when the paper, impregnated vdth the iodide, was put in

communication with the fish, a visible spark was observed : this spark

did not occur every time, but in an exceptional manner, although the

experiments were repeated in circumstances as similar as possible.

" So far as I myself have been able to observe," says Schoenbein, "we

never obtain a spark, either at the moment when we complete the

circuit of a galvanic pile, by means of an electrolytic body, or at the

moment when this latter is put out of the action of the current. I

dare not, then, express an opinion upon the nature and cause of the

phenomenon just mentioned, especially as I fear to decide whether

the spark really occurred at the opening of the circuit, or at the

instant of its being closed."

(680) In summing up some exceedingly interesting remarks on

the electrical powers of the gymnotus,* Schoenbein declares it to be

his opinion that the true cause of the phenomena is stiU completely

obscure, and must neither be sought for in the physical or chemical

constitution, nor in a fixed organization of certain parts of the

animal ; but that there exists, without our being able at present to

determine how, an intimate connection between the vital actions

dependent on the will of the fish, and the physical phenomena which

these vital actions produce. Until we know more exactly the nature

of Electricity, we shall be unable to detect this intimate relation

which exists between electric and vital action, until we know whether

Electricity is only a particular condition of what we call matter, or

whether it arises from particular vibrations of the ether, or, in fine,

whether like gravity it must be regarded as a primitive and specific

force of nature. So long as we are without an exact idea of what

Electricity is, the difi'erent modes of its development will, of course,

be incomprehensible to us, and we shall scarcely be able to say any-

* Proc. Lond. Elect. Soc. p. 133.
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thing upon the cause of animal Electricity, even though anatomists

and physiologists should have very carefully studied the structure of

the fish, and should have made us most intimately acquainted with

all its fibres and its most minute nerves."

(681) Eig. 232 is an engraving of another electrical fish, the

Fig. 232,

Silums Electricus. It is about twenty inches long, and is found in

the Senegal, the Niger, and the Nile. Its flesh is an article of food,

and its skin is used as a medicine. The shock is distinctly felt when
it is laid on one hand, and touched by a metallic rod held in the

other. Its electrical organs, according to M. Geoffrey, are much less

complicated than those of other electrical fishes. Other known
electrical fishes are the Tetraodon Electricus, found in cavities of the

coral rocks in Johanna, one of the Canary Islands, and also in the

American seas ; the Trichiarus Electricus, which inhabits the Indian

seas : several others have been met with, but not hitherto accurately

described.

Electricity of Plants.

(682) It was long ago announced by Pouillet {Fogg. Ann. xi. 430),

that during the process of vegetation Electricity was excited, but the

conclusions of this Electrician were not confirmed by the experiments

of Eeiss {Fogg. Ann. Ixxix. 288). Becquerel more recently {Compt.

Bend. xxxi. 633) observed various electric actions in growing plants,

which, however, he ascribed to a chemical origin. The latest investi-

gations are those of 'Wartmarui {BibliotMque JJniverselle de Geneva,
Dec. 1850) and of Buff {Fhil. Mag., N. S., vol. vii., p. 122). The
following are the conclusions to which the first arrived after an
investigation continued for two years :

—

1." Electric currents are to be detected in all parts of vegetables

but those furnished with isolating substances, old bark, &c., &c.

2." These currents occur at all times and seasons, and even when
the portion examined is separated from the body of the plant, as long
as it continues moist.

3.° In the roots, stems, branches, petioles, and peduncles, there
exists a central descending, and a peripherical ascending current:
"Wartmann calls them axial currents.

4. ° On connecting, by means of the galvanometer, the layers of

I r
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tlie stem where the liber and the alburnum touch, either with the

most central parts (pith and perfect wood) or with the most external

parts (young bark), lateral currents passing from these layers to

surrounding parts have been detected.

5." In the leaf the current passes from the lamina to the nerves,

as well as to the central parts of the petiole and the stalk.

6." In the flowers the currents are feeble. They are very marked

in the succulent fruits, and in some kinds of grain ; the currents

from fruits proceeding in most cases from the superficial parts to the

adjacent organs. The strength of the current depends on the

season, they are greatest in the spring, when the plant is bathed m
sap.

7.° Currents can also be detected proceeding from the plant to the

soil, which is thus positive with relation to it, and currents are also

manifested when two distinct plants are placed in the circuit of the

rheometer.

(683) These experiments have been repeated and confirmed by

Becquerel {Gomptes Bendus, Nov. 4th, 1850). He ascertained par-

ticularly the determination of electrical currents from the pith and

the wood to the bark, which shows' that the earth in the act of vege-

tation continually acquires an excess of positive Electricity and the

parenchyma of the bark, and a part of the wood an excess of negative

Electricity, which is transmitted to the air by means of the vapour pf

exhaled water ; and the opposite electric states of vegetables and the

earth give reason to think that from the enormous vegetation in

certain parts of the globe, they must exert some influence on the

electric phenomena of the atmosphere.

(684) Buflf objects to the conclusions of Wartmann and Becquerel

on the ground that the platinam wires employed by these electricians

exhibit, when in contact with the liquids in the plants, difterent

degrees of electric excitation, and the sum or the difference of these

actions must of necessity change the quantity, and perhaps, also, the

quality, of the original action due to the plant alone. Hence he con-

siders that the question, whether plants, in their natural condition

and during their free growth, discharge Electricity, is not answered

by these experiments.

The method he adopted was altogether different. Two beakers

were filled to the depth of half an inch with mercury, and then Avith

water ; the plant to be examined had its roots placed in one and its

leaves' in the other. Two platina wires, hermetically sealed into

glass tubes, exposing a few lines at the end, were immersed in the

mercury of each beaker, and connected with the galvanometer. The

following general results were obtained :
" The roots and all the inte-
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rior parts of tlie plants filled witli sap, are in a permanently negative

condition, while the moist or moistened surface of the fresh branches,

leaves, flowers, and fruits are ^evrndknentlj positively electric." The

direction of the current was always from the roots to the leaves, and

(ia parts of plants) from the place of severance to the external sur-

face of the leaves ; even scratching a leaf had the efiect of determining

a current from the wounded to the entire portion.

I I 2
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CHAPTEE XI.

Fig, 233,

THEEMO-ELECTEICITT.

In tlie year 1821, Professor Seebeck, of Berlin, made the capital

discovery that electric currents may be excited in all metallic bodies

by disturbing the equilibrium of temperature, the essential conditions

being that the extremities should be in opposite states as regards

temperature. His apparatus was remarkably simple :
it consisted of

two different metals (antimony and bismuth were found the most

efficient), soldered together at their extremities and formed into

frames of either a circular or a rectangular figure. Electricity

was excited by the application of heat to the places at which the

metals were united, and ^as evinced by the disturbance ot the

astatic magnetic needle balanced on a point,

situated between the extremities. Eig. 233

shows the disposition of the apparatus. The

best effect is produced by heating one of the

compound corners by the flame of a spirit-

lamp, and cooling the opposite comer by

wrapping a few folds of filtering paper round

it and moistening it with ether. Pouillet's

arrangement, Eig. 234, consists of a stout

cylindrical bar of bismuth bent twice at right

angles with soldered copper wires attached to

the ends communicating with a contrivance

on the stand for completing the electric

circuit in any direction.
_

V\fr (2d5) shows another mode of arranging the metals: c c is a

Fig. 234.

plate of copper, the ends of which are bent at right angles and

Bdfered to t^e plate of bismuth I I; a magnetic needle is balanced in
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the interior of the circuit. The apparatus being placed in the mag-

netic meridian, one of the junctions of the metals is heated by a

spirit-lamp, the needle is immediately deflected showing the passage

of an electric current in the direction of the arrow head, i. e., from

the hot to the cold end.

In Pig. 236 two frames, composed of platinum and Fig. 236.

silver wires, are represented delicately poised on the [><}

poles of a horse-shoe magnet, a spirit-lamp being Uj- Cj

placed between them, the flame of which causes the

circulation of thermo-electric currents in the wires, as

evinced by their rotation round the poles of the

magnet.

(685) Experiments have shown that the thermo-

electric properties of metals have no connection with

their galvanic relations or their power of conducting heat or Elec-

tricity ; neither do they accord either with their specific gravities or

atomic weights. In forming a thermo-electric series, it is desirable

to combine an extreme positive with an extreme negative metal.

The subjoined table by Professor Gumming exhibits a series.

"When any of these metals are heated at their point of junction,

electrical currents are developed in such a manner that each metal

becomes positive to all below and negative to aU above it in the test

;

and the reverse order is observed if the point of junction be cooled.

Thenno-electric Volta series Series of conductors

—

series. by acids. of Electricity. of heat.

Galena Potassium Silver Silver

Bismuth Barium Copper Gold

Mercury ) Zinc Lead Tin

Nickel \ Cadmium Gold \ Copper

Platinum Tin Brass > Platinum

Palladi\mi Iron Zinc ) Iron

Cobalt \ Bismuth Tin Lead

Manganese
\

Antimony Platinum

Tin Lead Palladium

Lead Copper Iron

Brass Silver

Rhodium Palladium

Gold Tellurium

Copper Gold

Silver Charcoal

Zinc Platinum"

Cadmium Iridium

Charcoal J Rhodium
Plumbago )

Iron

Arsenic

Antimony
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(686) Many trials have been made to construct thenno-electric

piles, that would operate in a manner similar to the admirable instru-

ment for which we are indebted to the genius of Yolta. It appears

that the labours of MM. Nobili and Melloni were first crowned with

the greatest success. These two philosophers constructed conjointly

a thermo-electric pile, with which they made some very interesting

Fig. 237. experiments on radiant heat. The pile, Figs. 237,

238, was composed of fifty small bars of bismuth and

antimony, placed parallel side by side, forming one

prismatic bundle thirty millimetres* long, and some-

thing less in diameter. The two terminal faces were

blackened. The bars of bismuth, which succeeded

alternately to those of antimony, were soldered at their extremities

Fig. 238. to the latter metal, and separated at every

other part of their surfaces, by some insulating

substance, such as silk or paper. The first and

last bars had each a copper wire which termi-

nated in a peg of the same metal passing through

a piece of ivory, fixed in a ring. The space

between this ring and the elements of the pile

was filled with some insulating substance. The

loose extremities of the two wires were con-

nected mth the ends of the wire of a galvano-

meter which indicated by the motion of the needle when the tempera-

ture of the farthest face of the pile was above or below that ofthe other.

In 'Fig. 239 is a representation of this thermo-electric pile, as

arranged by Melloni for his experiments on radiant heat :
f, a brass

cylinder containing the compound bars, having the wires from the

poles connected with the galvanometer, which, as the thermo-current

• A metre is 39-37 inches; a decimetre 3-9 inclies; a centimetre 0-39 inches ;

and a millimetre 0-039 inches.
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Fig. 240.

has but little intensity, should consist of a few coils of pretty stout

copper wire. The extremities of the bars at 6 being exposed to any

source of radiant heat, such as the copper cylinder d hearted by the

lamp I while the temperature of the other extremity of the bars

remains unchanged, a current of Electricity passes through the wires

from the poles of the pile and causes the needle of the galvanometer

to be deflected. The quantity of Electricity circulating increases m
proportion to the difference of the temperature of the two ends

;
that

is in proportion to the quantity of heat falling on h, and the effect of

this current of Electricity on the needle, or the deviation produced,

is proportional to the quantity of Electricity circulating, and con-

sequently to the heat itself-at least Melloni found this correspond-

ence to be exact through the whole are from zero to twenty degrees,

when the needle is truly astatic. The deli-

cacy of this apparatus is such, that, according

to iSTobili, it is capable of measuring a differ-

ence of temperature of Woo of a degree.

(687) Thermo-piles are now constructed

by soldering together at their alternate edges

bars of antimony and bismuth, with squares

of card-board or thick paper intervening to

prevent contact, the terminal metals being

furnished with wires for the convenience of

connection.

(688) Eig. 240 is a representation of

Locke's convenient form of the thermo-

electric battery. It is composed of from 30

to 100 series of bars of antimony and bismuth

soldered together at their extremities, and

placed in a metallic cylinder which is then

filled with plaster of Paris, leaving merely

the extremities of the bars exposed. The

first bar of bismuth is connected with one

mercury cup, and the last antimony bar with

the other cup. The instrument is put in

action by placing it in a vessel of ice, and

then laying the hot iron plate on the top.

Eig. 241 is Professor Cumming's stellar-

form thermo-electric composite battery. It

is composed of a series of forty pairs of iron

and copper wires, formed in radial lines on a

circular card-board. The battery is excited

by the radiation of a heated body, placed

Fig. 241.
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opposite tlie central junctions, wHle, at the same time, the exterior

parts of the wire-frame are screened from the influence of the calorific

rays by a polished reflecting screw.

Fig. 242. Pig. 242 is Professor Dove's

composite thermo-battery for

constant currents. It consists

of a horizontal half-cylinder of

wood covered with 100 pairs of

iron and platinum wires, which

touch its periphery in such a

manner that all the iron wires

are situated in a right-handed

ball, the platinum wires in a left-

handed spiral. The elevation of temperature at the junction of the

united pairs is efi'ected by the oil or water contained in the oblong

trough being heated by a spirit lamp

Fig. 243.

Fig. 244.

I'ig. 243 represents Yan der Voort's

thermo-electric combination, consisting

of eighteen pairs of bismuth and anti-

mony prismatic rods united alternately

by solder, and fixed in a mahogany box

by plaster of Paris, leaving the two

extremities of the metals exposed to

be acted on by unequal temperatures.

To use it, the lower end is placed in

a freezing mixture, and boiling oil or water is placed on the top.

Watkins's massive thermo-electric

pile is shown in Pig 244. It con-

sists of an association of square

bismuth and antimony plates, alter-

nately soldered together, so as to

form a composite battery, mounted

in a frame with the upper and lower

junctions of the metals exposed.

"When either ends are slightly ele-

vated or depressed, in regard to temperature, the electric

current is established, and with the radiation of red hot

iron at one extremity and ice at the other, all the ordinary

electric phenomena, such as the spark, heat, electro-

magnetic rotations, chemical action, &c., are developed.

(689) A very ingenious hygrometer, founded on

thermo-electric principles, was invented by Peltier, Pig.

245. It consists of a series of slender bars of antimony

Fig. 245.
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and Wsmnth, arranged alternately m the form of a crown and

metallically united in pairs: the extreme bars are connected by

copper wii-es, with binding screws attached to the stem of the

support. A platimmi dish containing distilled water is placed on

the points of the compound bars. An electrical current is developed

by the reduction of temperature, occasioned by the evaporation ot

the water in the capsule, and the deflection of the galvanometer

caused thereby, may be taken as a measure of the rapidity of

evaporation, and hence, of the hygrometric state of the atmosphere.

(690) It was discovered by Peltier that heat is alsorled at the sur-

face of contact of bismutli and antimony in a compound metallic con-

ductor when Electricity traverses it from the bismuth to the antimony,

and that heat is generated when the current traverses it m a contrary

direction. This is referred to by Joule {PhU. Mag. 1843), as show-

in- how it may be proved that when an electrical current is continu-

ously produced from a purely thermal source, the quantities ot_ heat

evolved electrically in the different homogeneous parts of the circuit

are only compensations for a loss from the junctions of the different

metals, or that when the effect of the current is entirely thermal

there must be just as much heat emitted from the parts not affected

by the source, as taken from the source. Adie {FhU. Mag. vol. v.

p 197,) denies the production of cold under any circumstances by

the electrical current, but the following ingenious experiment oi

Tyndall, who has recently re-investigated the subject {PUl. Mag.

vol. iv. 1852, p. 419,) seems quite conclusive on the pomt :—

Fig. 246.

B is a curved bar of bismuth with each end of which a bar of

antimony AA is brought into close contact; in front of the two

junctures are chambers hollowed out in cork, and filled with mercury.

A current is sent from the cell B in the direction indicated by the

arrow ; at M it passes from antimony to bismuth, and at M' from

bismuth to antimony. Now, if Peltier's observation be correct, we

ought to have the mercury at M warmed, and that at M' cooled, by

the passage of the current. After three minutes' circulation, the
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voltaic circuit was broken, and the thermo-test pair A' B' dipped

into M', the consequent deflection was 38° ; and the sense of the

deflection proved that at M' heat had been absorbed. The needles

were brought quickly to rest at 0°, and the test pair was dipped into

M, the consequent deflection was 60°, and the sense of the deflection

proved that at M heat had been generated. The system of bars

represented in the figure being imbedded in wood, the junction at M
was cooled slowly, and would have taken a quarter of an hour at

least to assume the temperature of the atmosphere. The voltaic

current was reversed, and three minutes' action not only absorbed

all the heat at M, but generated cold sufficient to drive the needle

through an arc of 20° on the negative side of 0'.

It was shown by Lenz (JPogg. Ann. vol. xliv. p. 341), that if two

bars of bismuth and antimony be soldered across each other at right

angles, and they be touched with the conducting wires of the battery,

so that the positive current will have to pass from the bismuth to the

antimony, a cold sufiicient to freeze water may be produced ; for if a

cavity be excavated at the point of contact, and a drop of water

previously cooled to nearly 32° be placed therein, it will rapidly

become ice.

(691) The first account we have of the production of a spark

from a thermo-electric apparatus, appears in a communication from

Professor Wheatstone to the London and Edinburgh Philosophical

Magazine (vol. x. p. 414). The following is the simple statement :

—

The Cav. Antinori, Director of the Museum at Plorence, having

heard that Professor Linari, of the University of Siena, had succeeded

in obtaining the electric spark from the torpedo by means of an

electro-dynamic helix and a temporary magnet, conceived that a

spark might be obtained by applying the same means to the thermo-

electric pile. Appealing to experiment, his anticipations were fully

realized. No account of the original investigations of Antinori has

reached, we believe, this country, but Professor Linari, to whom he

early communicated the results he had obtained, immediately repeated

them, and published the following additional observations of his own,

in L'Indicatore- Sanese, No. 50, Dec. 13, 1836.

\(> "*\^ith an apparatus consisting of temporary magnets and

electro-dynamic spirals, the wire of which was five hundred and five

feet in length, he obtained a brilliant spark from a thermo-electric

pile, of Nobili's construction ;
consisting only of twenty-five elements,

which was also observed in open day-light.

2°. " With a wire eight feet long, coiled into a simple helix, the

spark constantly appeared in the dark, on breaking contact, at every

interruption of the current ; with a wire fifteen inches long, he saw
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it seldom, but distinctly ; and with a double pile, even when the wire

was only eight inches long. In aU the abiove-mentioned cases, the

spark was observed only on breaking contact, however much the

length of the wire was diminished.

3". " The pile, consisting merely of these few elements, readily

decomposed water, within such restricted limits of temperature^ as

those of ice and boiling water. Short wires were employed, having

oxidable extremities ; the hydrogen was sensibly evolved at one of

the poles.

4°. " A mixture of marine salt moistened with water, and of nitrate

of silver, being placed between two horizontal plates of gold, com-

municating respectively with the wires of the pUe, the latter, after

having acted on the mixture, gave evident signs of the appearance of

revivified silver on the plate which was next the antimony.

5°. "An unmagnetic needle, placed within a close helix, formed by

the wire of the circuit, was well magnetised by the current.

6°. " "Under the action of the same current, the phenomenon of

the palpitation of mercury was distinctly observed."

(692) The principal results here stated were verified by Professor

Wheatstone ; he employed a thermo-electric pile, consisting of thirty-

three elements of bismuth and antimony, formed into a cylindrical

bundle, three-fourths of an inch in diameter, and one inch and one-

fifth in length; the poles of this pile were connected by means of

two thick wires, with a spiral of copper rihion, fifty feet in length,

and one inch and a-half broad, the coUs being well insulated by

brown paper and silk. One face of the pile was heated by means of

a red-hot iron, brought within a short distance of it ;
and the other

face was kept cool by contact with ice. Two stout wires formed the

communication between the poles of the pile and the spiral, and the

contact was broken when reqtiired in a mercury cup, between one of

the extremities of the spiral and one of these wires. Whenever

contact was thus broken, a sinall but distinct sparJc was seen ; it was

visible even in day-light. Professors Daniell, Henry, and Bache

assisted in the experiments, and were all equally satisfied with the

reality of the appearance.

At another trial. Professor Wheatstone obtained the spark from

the same spiral, connected with a small pile of fifty elements, on

which occasion Dr. Paraday and Professor Johnston were present.

On connecting two such piles together, so that the similar poles of

each were connected with the same wires, the same was seen

brighter.

(693) Some experiments on the chemical action of the thermo-

electric pile, were made anterior to those above described, by Professor
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G. D. Botto, of the university of Turin, with a different arrangement

of metals ; his ex^Deriments are published in the Bibliotheque Uni-

verselle for September, 1832. His thermo-electric apparatus was a

metallic wire or chain, consisting of twenty pieces of platinum wire,

each one inch in length, and one-hundredth of an inch in diameter,

alternating with the same number of pieces of soft iron wire, of the

same dimensions. This wire was coiled as a helix round a wooden
rule, eighteen inches long, in such a manner that the joiuts were

placed alternately at each side of the rule, beiug removed from the

wood at one side to the distance of four lines. Employing a spirit-

lamp of the same length as the helix, and one of Nobili's galvano-

meters, a very energetic current was shovra to exist; acidulated

water was decomposed, and the decomposition was much more abun-

dant, when copper instead of platinum poles were used ; in this case,

hydrogen only was liberated. The current and decomposition were

augmented when the joints were heated more highly. Better effects

were obtained with a pile of bismuth and antimony, consistiug of

one hundred and forty elements, bound together into a parallelepiped,

having for its base a square of two inches, three lines, and an inch

in height.

(694) 'For developing Electricity of feeble intensity it is always

best to employ a flat copper ribbon coil. JSIr. Watkins found that

he could always show a larger spark with it than with an elongated

wire coil and large temporary magnet ; and that the snapping noise

accompanying the thermo-electric spark was more discernible.

Mr. Watkins arranged one of the extremities of his pile of strong

sheet copper, cut like a comb, and covered Avith soft solder ; and when

the moveable extremity of the flat coil is passed over the comb, and

the thermo-electric pHe in action, bright sparks were seen every time

the moving part of the coil broke the circuit by leaving a tooth of the

comb. "With a pile consisting of thirty pairs of bismuth and antimony,

one inch and a-half square, and one-eighth thick, with the radiationfrom

red-hot iron at one extremity, and ice at the other, a soft iron electro-

magnet under the inductive influence of the Electricity thus generated,

supported ninety-eight pounds weight. The same experimentalist

states that he has thermo-electric piles in his possession, varying from

fifteen to thirty pairs of metallic elements, which give brilliant sparks

by simply pouring hot water on one end, while the other end is at the

temperature of the atmosphere ; and that sparks are exhibited by the

same piles, when the temperature is reduced at one end by the aid of

ice, while the other end is at the temperature of the surrounding air.

In order to effect the decomposition of water, Mr. AVatkins employed

a massive thermo-battery, with pairs of bismuth and antimony, a small
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apparatus for the decomposition of water, of the ordinary description,

and an electro-dynamic heliacal apparatus. The primary coil of wire

Tvas ninety feet long, and when the thermo-electric current simply per-

vaded this coil, he did not notice any disengagement of the gases
;
but

as soon as the contrivance for making and breaking battery-contact was

put in action, then an evolution of the gases took place, while at the

same time powerful shocks were received from the secondary coil of

wire one thousand five hundred feet long.

(695) Erom the interesting discovery made by Faraday, of the high

conducting power of certain fused salts for voltaic Electricity, Dr.

Andrews was led to imagine that thermo-currents may be excited by

bringing them into contact with metals, and he succeeded in verifying

tbis conjecture in the following manner :

—

(696) Having taken two similar wires of platina (such as are used

in experiments with the blowpipe), and connected them with the ex-

tremities of the copper wire of a delicate galvanometer, he fused a

small globule of borax in the flame of a spirit-lamp on the free ex-

tremity of one ofthe platinum wires, and introducing the free extremity

of the other wire into the flame, be brought the latter, raised to a higher

temperature than the former, into contact with the fused globule ; the

needle of the instrument was instantly driven with great violence to

the limit of the scale. The direction of the current was from the

botter platinum wire throngb the fused salt to the colder wire. A. per-

manent electrical current in tbe same direction was obtained by simply

fusing the globule between the two wires, and applying the flame of

the lamp in such a manner, that, at the points of contact with the

fused salt, the wires were at different temperatures.

(697) Dr. Andrews also succeeded in obtaining chemical decomposi-

tions by this peculiar thermo-current. A piece of bibulous paper,

exposing on eacb side a surface of one-fourth of a square inch, was

moistened with a solution of the iodide of potassium, and laid on a

jplaiimm plate, wbich was in metallic connexion with one of the

platinum wires used in the previous experiments. The extremity of

the other platinum wire in contact with the globule, was applied to

the surface of the bibulous paper, and the flame of the lamp was so

directed, that the latter was the colder of the wires, between which

the globule of borax, or carbonate of soda, was fused. The platinum

plate in this arrangement, therefore, constituted the negative pole, and

the extremity of the wire applied to the bibulous paper the positive

pole* Accordingly when the circuit was completed, an abundant

* Dr. Andrews found that by using a 'platinum wire, exposing an extensive

surface, as one pole of a voltaic pair, and a fine wire of the same metal as the

other, he could effect the decomposition of water
;
when, by employing a paii* of
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deposition of iodine occurred beneath the platinum wire. When a

similar wire of platinum was substituted for the plate on the negative

side, the effect was either none or scarcely perceptible.

(698) Dr. Andrews next formed a compound arrangement, by

placing a series of platinum wires on supports, in the same horizontal

line, and fusing between their adjacent extremities small globules of

borax. The globules and wires were exactly similar to those that are

used in blow-pipe experiments. A spirit-lamp was applied to each

globule, so as to heat unequally the wires in contact with it ; and the

corresponding extremity of each wire being preserved at the higher

temperature, the current was transmitted in the same direction

through the whole series. By connecting the extremities of four

cells of this arrangement with an apparatus for decomposing water,

in which the opposite poles consisted of a thick platinum wire, and a

guarded platinum point (both being immersed in dilute sidphuric

acid), very minute bubbles of gas soon appeared at the guarded point,

and slowly separating from it, ascended through the liquid. They

were obtained in whichever direction the current was passed, but

rather more abundantly when the point was negative and the wire

positive. With only two cells, similar bubbles formed in a visible

manner on the guarded point, but in such exceedingly small quantity

that they did not separate from it. With an arrangement contain-

ing twenty cells, a doubtful sensation was communicated to the

tongue, when the poles were applied to it : but no spark was visible,

although the current was passed through a helix of copper wire,

surrounding a bar of iron, and the contact was broken with great

rapidity, by means of a revolring apparatus. It is necessaxy to

observe, however, that the lamps were unprotected, and that it was

impossible to render the flames of such a number of spirit-lamps,

burning near each other, so steady, as to heat at the same moment,

similar platinum plates, or similar fine wires as poles, he could obtain no such,

result. After the evolution of gas had ceased, he finds that an additional quantity-

is procurable, either by increasing the surface of the broad pole, or by removing

it, and heating it to redness, or by reversing the du-ection of the current. Dr.

Andrews accounts for this, by supposing that when the poles exposed on both

sides equal surfaces, the gases were dissolved in the nascent state by the surrounding

liquid ; but when the polar surfaces were unequal, the solution of the gas being

greatly facilitated by the broader pole, the element of water separated there was

dissolved, while the other element was disengaged in the gaseous state at the

wire, which served as the opposite pole. In order, therefore, to discover, in case

of difficulty, whether an electrical current is capable of decomposing water, or

other substances, it is necessary to employ poles, having very unequal surfaces

;

and this will be effected in the most perfect manner by opposing a thick wire, or

plate of platinum, to one of Wollaston's guarded points (211).
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in the required maimer, all the globules and wii-es. "With an enlarged

and more perfect apparatus, Dr. Andrews thinks a spark might be

obtained.

(699) Hence it appears that an electrical current is always pro-

duced when a fused salt, capable of conducting Electricity, is brought

into contact with two metals, at different temperatures, and that

powerful chemical affinities can be overcome by this current q^uite

independently of chemical action. The direction of the current is not

influenced by the nature of the salt or metal, being always from the

hotter metal through the fused salt to the colder ; its intensity is

inferior to that of the hydro-electric current developed by platinum

and zinc plates, but greatly superior to that of the common thermo-

electric currents, and is capable of decomposing, with great facility,

water and other electrolytes. Dr. Andrews found also that currents

were produced hefore the salt becomes actually fused, but that their

direction no longer follows the simple law before enunciated, but

varies in the most perplexing manner, being first from the hot metal

to the cold, then with an addition of heat, from the cold to the hot

;

and again, with a second addition of heat, from the hot to the cold.

—

(See Dr. Andrews' paper, in vol. x,, and page 433, of the L. and

E. Phn. Mag.)

(700) Since the phenomena of thermo-Electricity seem to account,

in a satisfactory manner, fort he general distribution of Elec-

tricity and magnetism over the earth, the interest attached to this

peculiar development of the subtile agent we have been engaged with,

is exceedingly great. That the earth may be considered as a great

magnet, the phenomena of the dip of the needle sufB.ciently show

:

and the facts connected with electro-magnetism lead to the conclu-

sion, that, when a magnetic needle is in its natural position of north

and south, there exist electrical currents in planes of right angles to

the needle descending on its east side, and ascending on its west

side ; we must hence suppose that currents of Electricity are con-

stantly circulating within the earth, especially near its siirface, from

east to west, in planes parallel to the magnetic equator.

(701) The cause of these electrical currents has been thus ex-

plained by Ampere. The earth, during its diurnal motion on its

axis from west to east, has its surface successively exposed to the

solar rays, in an opposite direction, or from east to west. The surface

of the earth, therefore, particularly between the tropics, will be heated

and cooled in succession, from east to west, and currents of Electricity

on thermo-electric principles will, at the same time, be established ia

the same direction : now, these currents once establislied, from east

to west, will, of course, give occasion to the magnetism of the earth
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from north to south. Hence, the magnetic directive power of the

earth, in a direction nearly parallel with its axis, is derived from the

thermo-electric currents induced in its equatorial regions hy the

unequal distrihution of heat there present, and depending prmcipally

on its diurnal motion.
v f n

The actual existence of these electrical currents has heen fully

estahlished by the experiments of Eox, Eeich, and others, made in

mines. It was ascertained, by the former, that by connectmg two

distant parts in the same vein, with the wires of a galvanometer, that

currents of different degrees of intensity run in some cases from

east to west, and in others, from west to east. Eeich verified this

observation in the mines of Saxony, and he found that the du-ection

of the currents depended on the geographical situation of the place,

and on the depth of the station below the surface.
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CHAPTER XII.

THE THEOEY OE THE- VOLTAIC PILE.

(702) Is the proximate cause of the voltaic current the contact of

the two dissimilar metals, or is it the action of the oxidizable metal

on the water of the acid solution ? This question has been the

subject of much profound discussion. It has already been stated

that the first view of the subject was adopted by Yolta, who, attri-

buting the Electricity of the pile to the contact of dissimilar metals,

regarded the interposed solutions merely as imperfect conductors,

admitting the transfer of Electricity when the circuit was completed;

and when incomplete, throwing the whole by induction into an

electro-'polar state. This view has been adopted and reasoned on,

with their peculiar ingenuity, by the German philosophers ; on the

other hand, a powerful mass of evidence has been brought against it

by Earaday, and the chemical theory has obtained, in this country

at least, almost universal assent.

(703) It will be proper, however, to attempt a popular account of

the present state of this interesting question. By Davy the electric

state of the pile was considered as due partly to. the contact of the

opposed metals, and partly to the chemical action exerted on them

by the liquid. He concluded, to use his own words,* that " chemical

and electrical attractions are produced by the same cause
;
acting, in

one case, on 'particles, in the other on masses of matter ; and that

the same property, under different modifications, is the cause of all

the phenomena exhibited by different voltaic combinations." By

Dr. Wollaston the phenomena were referred solely to chemical

action ; and he even attributed the Electricity of the common ma-

chine to the oxidizement of the amalgam, and found, contrary to the

experiments of his great contemporary, that the electrical machine

was not active in atmospheres of hydrogen, nitrogen, or carbonic

acid. The first suggestion, however, of the chemical origin of voltaic

Electricity is to be found in a paper communicated by Eabroni, in

1792, to the Elorentine Academy. This philosopher ascribed the

convulsions in the limbs of the frog, in the experiments of Galvani

and Volta, to a chemical change made by the contact of one of the

• Philosopliical Transactiona, 1826, p. 389,
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metals with the liquid matter on tlie parts of the animal body
;
to a

decomposition of this liquid; and to the transition of oxygen from

a state of combination with it, to combination with the metal. He

maintained that the convulsions were chiefly due to the chemical

changes, and not to the Electricity incidental to them, which he con-

sidered, if operating at all, to do so in a secondary way. Pepys

placed a pile in an atmosphere of oxygen, and found that in the

course of a night, 200 cubic inches of the gas had been absorbed

;

while in an atmosphere of azote, it had no action. MM. Biot atid

Cuvier also observed the quantity of oxygen absorbed, and inferred

from their experiments that, " although, strictly speaking, the evolu-

tion of Electricity in the pHe was produced by oxidation, the share

which this had in producing the effects of the instrument bore no

comparison with that which was due to the contact of the metals,

the extremities of the series being in communication with the

ground."
,

(704) The source of the Electricity of the voltaic pile was made

by Earaday the subject of the 8th, 16th, and l7th series of his

Experimental Eesearches. By the arrangement shown m Eig. 247

he succeeded in producing Electricity ^uite independent of contact.

A plate of zinc (Eig. 247) was cleaned and bent in the Fig, 247.

middle to a right angle ; a piece of platinum, about

three inches long and half an inch wide, &, was fas-

tened to a platinum wire, and the latter bent as in the

figure. These two pieces of metal were arranged as

shown in the sketch; at a; a piece of folded bibulous

paper, moistened in a solution of iodide of potassium,

was placed on the zinc, and was pressed upon by the

end of the platinum wire ;
when, under these circum-

stances, the plates were dipped in the diluted nitric

and sulphuric acids, or even in solution of caustic potash, contained

in the vessel c, there was an immediate effect at x, the iodide being

decomposed, and iodine appearing at the anode, that is, against the

end of the platinum wire. As long as the lower ends of the plates

remained in the acid, the electric current proceeded, and the de-

composition proceeded at cc. On removing the end of the wire

from place to place on the paper, the effect was evidently very

powerful; and on placing a piece of turmeric paper between the

white paper and the zinc, both papers being moistened with a solu-

tion of iodide of potassium, alkali was evolved at the cathode agamst

the zinc in proportion to the evolution of iodine at the anode; the

galvanometer also showed the passage of an electrical current; and

we have thus a simple circle of thd same construction and action as
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tliose described in Chapter VII., except in the absence of metallic

contact.

(705) It is shown by Paraday that metallic contact favours the

passage of the electrical current, by diminishing the opposing aflB.ni-

ties. When an amalgamated zinc plate is dipped into dilute sulphuric

acid, the force of chemical affinity exerted between the metal and the

fluid is not sufficiently powerful to cause sensible action at the sur-

faces of contact, and occasion the decomposition of the water by the

oxidation of the metal, though it is sufficient to produce such a

condition of Electricity as would produce a current if there were a

path open for it ; and that current would complete the conditions

necessary, under the circumstances, for the decomposition of water.

ISTow, when the zinc is touched by a piece of platinum, the path

required for the Electricity is opened, and it is evident that this must
be far more effectual than when the two metals are connected through
the medium of an electrolyte ; because a contrary and opposing action

to that which is influential in the dilute sulphuric acid is then intro-

duced, or at any rate the affinity of the component parts of the

electrolyte has to be overcome, since it cannot conduct without

decomposition, and this decomposition re-acts upon, and sometimes
neutralizes, the forces which tend to produce the current.

(706) The mutual dependence and state of the chemical affinities

of two distant portions of acting fluids, is well shown in the following

experiments : Let P (Pig. 248) be a Fig. 248.

plate of platinum, Z a plate of amal- \
^

^^

gamated zinc, and y a drop of dilute ^ ((

sulphiu-ic acid; no sensible chemical ^ " *" *

action takes place till the points P Z are connected by some body
capable of conducting Electricity : then a current passes ; and as it

circulates through the fluid at y, decomposition ensues.

In Eig. 249 a drop of solution of Pig 249.

iodide of potassium is substituted, at jp

X, for the acid : the same set of effects ^ / ^
occurs : but the electric current is in \ \ \\

the opposite direction, as shown by
the arrows.

In Eig. 250 the dilute sulphuric Fig. 250.

acid and the iodide of potassium are p

opposed to each other at y and x: ^' / / / / ^
there is no metallic contact between y a

the zinc and platinum ; but there is an
opposition of forces ; the stronger (that brought into play by the
acid) overcomes the weaker, and determines the formation and

K K 2
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direction of the current; not merely making that current pass

through the weaker liquid, but actually reversing the tendency which

the elements of the latter have in relation to the zinc and platinum

if not thus counteracted, and forcing them in a contrary direction to

that they are induced to follow, that its own current may have free

course.

(707) To decompose a compound by the current from a single pair

of plates was considered impossible : by some beautiful experiments

however, Faraday proved that iodide of potassium, protochloride ot

tin, and chloride of silver, may be decomposed by a single pair,

excited with dilute sulphuric acid; and thereby showed the direct

opposition and relation of the chemical af&nities concerned at the

two points of action. Where the sum of the opposing affinities was

sufficiently beneath the sum of the acting affinities, decomposition

took place ; but in those cases where,, the opposing affinities prepon-

derated, decomposition was effectually resisted, and the cuiTent ceased

to pass.

(708) By increasing the intensity of the current, without, however,

causing more Electricity to be evolved, solution of sulphate of soda

muriatic acid, nitrate of silver, fused nitre, and fused iodide and

chloride of lead, were decomposed by a single pair. This increase m
intensity was effected by adding a little nitric acid to the dilute sul-

phuric acid with which the battery was charged
;

and that this

addition caused no increase in the quantity of Electricity was ren-

dered evident from the fact, that mere wires of platinum and zmc

evolved sufficient Electricity to decompose muriatic acid, which com-

pound would not, however, yield to a large pair of plates excited by

dilute sulphuric acid alone.
_ • ii,

(709) The source of the Electricity in the voltaic circuit is the

chemical action which takes place between the metal and the body

with which it combines. As volta-electro generation is a case of mere

chemical action, so volta-electro decomposition is simply a case of the

preponderance of one set of chemical affinities more powerful m

their nature, over another set which are less powerful
;
and the forces

termed chemical affinity and Electricity are one and the same. It is

the union of the zinc with the oxygen of the water, that determmes

the current in the common voltaic battery ;
and the quantity ot

Electricity is dependent on the quantity of zinc oxidized, and in a

definite proportion to it. The intensity of the current is m propor-

tion to the intensity of the chemical affinity of the zinc for the oxygen,

u^der the circumstances, and is scarcely (if ever) affected by the use

of either strong or weak acid.

(710) Not chemical combination alone, but chemical decomposition
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also, is requisite to generate a curi'ent of Electricity: the simple

union of oxygen with zinc wiU not produce Electricity. The oxygen

must be in combination, and the compound of which it is an element

must be aji electrolyte. A pair of plates of zinc and platinum may

be heated in an atmosphere of oxygen gas sufficiently high to cause

rapid oxidation of the zinc, and yet a voltaic circle wiU not be formed,

neither will any current be excited by immersing the plates in liquid

chlorine. Strong chemical action and high ignition are known to

attend the combination of platinum and tin; nevertheless, no deve-

lopment of Electricity was found by Earaday to attend the union^ of

these metals
;
for, though a good conductor, and capable of exerting

a chemical action on tin, platinum is not an electrolyte, was not

decomposed, and therefore there was no Electricity.

(711) When a fluid amalgam of potassium, containing not more

than a hundredth of that metal, was put into pure water, and con-

nected through the galvanometer with a plate of platinum in the

same water, an electric current was determined from the amalgam,

through the water, to the platinum ; so also, when a plate of clean

lead and a plate of platinum were put into pure water, there was a

current sufficiently iintense to decompose iodide of potassium, pro-

duced from the lead, through the fluid, to the platinum. The Elec-

tricity in both these cases must be referred solely to the oxidation of

the metals, as in neither was there either acid or alkali present to

combine with, or in any way act on, the body produced.

(712) Although a piece of amalgamated zinc has not, when alone,

power enough to take the oxygen and expel the hydrogen from water,

it would appear that it has the power so far to act by its attraction

for the oxygen of the particles in contact with it, as to place the

similar forces already active between these and the other particles of

oxygen, and the particles of hydrogen in the water, in a peculiar

state of tension or polarity ; and probably also, at the same time, to

throw those of its own particles which are in contact vnth the water,

into a similar, but opposed state. Practically, this state of tension is

best relieved by touching the zinc in the dilute acid with a metal

having a less attraction for oxygen than the zinc ; the force of chemi-

cal affinity is then transferred in a most extraordinary manner

through the two metals, and it appears impossible to resist the idea,

that the voltaic current must be preceded by a state of tension in the

fluid, and between the fluid and the zinc. Earaday endeavoured to

make this state of tension in the electrolytic conductor evident by

transmitting a ray of polarized light through it, but he did not

succeed, either with solution of sulphate of soda or nitrate of lead.

(713) By a series of beautiful experiments Earaday has shown
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that electrolytes can conduct a current of Electricity of an intensity

too low to decompose them ; and in the case of water, when the

current is reduced in intensity below the point required for decom-

position, then the degree of conduction is the same, whether sul-

phuric acid or any other of the many bodies which can effect its

transferring power as an electrolyte, are present or not
;
or, in other

words, that the necessary electrolytic intensity for water is the same,

whether it be pure, or rendered a better conductor by the addition of

these substances ; and that for currents* of less intensity than this,

the water, whether pure or acidulated, has equal conducting power.

The following remarkable conclusion is also pointed out, viz., that

when a voltaic current is produced, having a certain intensity,

dependent upon the strength of the chemical aflGLnities by which that

current is excited, it can decompose a particular electrolyte without

relation to the quantity of Electricity passed ; the intensity deciding

whether the electrolyte shall give way or not ; and if this be con-

firmed, circumstances may be so arranged that the same quantity of

Electricity may pass in the same time, in at the same surface, into

the same decomposing lody in the same state, and yet differing in

intensity, will decompose in one case and not in the other : for, taking

a source of too low an intensity to decompose, and ascertaining the

quantity passed in a given time, it is easy to take another source,

having a sufB.cient intensity, and reducing the quantity of Electricity

from it, by the intervention of bad conductors, to the same propor-

tion as the former current, and then all the conditions will be

fulfilled which are required to produce the result desired.

(714) "What follows is exceedingly important. Erom the princi-

ples of electrolytic action, it is evident that the quantity of Electricity

in the current cannot be increased with the quantity of metal

oxidized and dissolved at each new place of chemical action : hence, in

the compound voltaic battery, the action of the number of pairs of

plates is only to urge forward that quantity of Electricity which is

generated by the first pair in the series, and this is effected by the

amount of decomposition of water and oxidation of zinc being equal

in each cell. A little consideration will render this e^ddent
;

for, if

we consider that by the decomposition of a certain quantity of water

in the first cell a certain quantity of Electricity (equivalent to that

associated with the water decomposed) is evolved, it is clear that,

before this Electricity can pass through the second cell, an equal

quantity must be decomposed, and this can only be effected by the

oxidation of an equal weight of zinc : and so, for each succeeding cell,

the electro-chemical equivalent of water must be decomposed in each

before the current can pass through it ; and this theoretical deduction
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Paraday has proved by direct experiment. Eacli cell, then gwes a

fresh impiUse to the Electricity generated in the first cell; or, in

other words, increases the intensity of the current; and though we

may not Imow what intendty reaUy is, being ignorant of the real

natvu-e of Electricity itself, it is not difl&cult to imagine that the

degree of intensity at which a current of Electricity is evolved by a

fii-st voltaic element shall be increased when that current is sub-

jected to the action of a second voltaic element, acting in conformity,

and possessing equal power, with the first.
^

(715) It is argued by Poggendorf (who published in his Annalen,

Jan 1840, a most profound paper on the theory of the voltaic pile)

that the electrolytic law is no proof of the chemical origin of the

Electricity of the voltaic apparatus, inasmuch as it is the property ot

all currents, voltaic, frictional, magnetic, thermal, and animal, to

decompose on their passage through a series of different fluids, equi-

valent quantities of each. But the greater part of this elaborate

memoir is directed against that experiment on which so much stress

is laid by the supporters of the chemical theory, in which, as we have

seen, two strips, one of zinc and the other of platinum, are separated

at their extremities, on the one side by sulphuric acid, and on the

other side by a solution of iodide of potassium. An electric current

then occurs in a direction which indicates the preponderance of the

sulphuric acid circuit over that of the iodide of potassium. Now, m
this experiment there first, the afi&nity of the oxygen for the zinc

;

and second, the afGinity of iodine for the same metal; both endeavour

to excite a current, but that of the oxygen being the strongest, sets

more Electricity in movement than that of the iodine ;
the latter is,

therefore, overpowered, and a current thus originates in the direction

of the afinity of the oxygen, which, at the same time, since the two

metals do not touch, is considered as affording a proof of the non-

necessity of metallic contact to excite voltaic Electricity.

(716) On this experiment the following remark is made by Pog-

gendorf: "The experiment is so remarkable, and the explanation

given has in appearance so much plausibility, that it is not to be

wondered at if the supporters of the chemical theory have regarded

it as the main prop of their opinion. Upon the defenders of the

contact theory, however, it made but little impression, probably from

their believing that no regard need be had to an isolated fact^ speak-

ing apparently in favour of the chemical theory, considering the

numerous objections which may be urged against it. In general,

they may have contented themselves with this otherwise perfectly

correct position, that one metal as soon as it is in contact with two

fluids, can no longer be regarded as a single metal ;
so that in Eara-
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day's experiment that end of the zinc bar which touched the sul-

phuric acid would be positive towards that which was moistened by
the solution of iodide of potassium." The German professor then

details a vast number of experiments made with two metals and two
fluids not in contact, and states the following as the main results :

That the magnitude of the electro-motive force in general is altered,

sometimes increased, sometimes diminished, hy any substances added to

water, he it an electrolyte or not, and, indeed (which should he well

ohserved), increased for one metal comhination, and diminished for

another, hy the same substance, added to the water in the same propor-

tion. Nor has he been able to find that this force stands in direct

ratio to the energy of the affinity between the positive metal and the

negative constituent of thefluid. It is weak in cases where this energy

must be considered as strong, and, on the contrary, strong where but a

weak affinity can he admitted. Frequently, indeed, a current ori-

ginates, and at times a powerful one, where, to judge from the affinity,

not the slightest action should he expected.

(717) As another result of his experiments, Poggendorf submits

that the position that those bodies which, brought between the

metallic elements of the voltaic pile render it active, are all electro-

lytes,* must be thus altered, " that the fluids between the metallic

plates must, it is true, be electrolytes, i. e., decomposable bodies,

since, at least with aqueous fluids and with a certain intensity of

current, no conduction can take place without decomposition ; but

that the electro-motive force which is developed on the contact of

these fluids with the metals, is not in any necessary connection with

the conductivity or decomposability, and can be increased or dnni-

nished by bodies which are not electrolytes, i. e., not directly deoom-

posable."

(718) Professor Poggendorf is not satisfied with the passive part

which the chemical theory assigns to the negative metal in a voltaic

combination. He thinks his experiments warrant the conclusion

that it is essential to the generation of the current. If the negative

metal in a circuit has merely to act a passive part, to perform merely

the function of conducting, then the best conductor should produce

the strongest current, or rather, the greatest electro-motive force ; and

as copper is a better conductor of Electricity than platinum, a copper-

zinc circuit ought to be more efficacious than a platinum-zinc circuit,

which is contrary to fact.

(719) "With respect to the experiment with sulphuric acid and

iodide of potassium, the German electrician states that it is only at

first and transitorily that the sulphuric acid has the ascendancy, and

• Faraday's Exp. Reseaixliea, 858, 921.
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that subsequently, although unquestionably it attacks the zinc more

violently than the iodide of potassium, it gives way to the latter salt

:

a fact he thinks conclusive against the chemical theory. The reason

that Paraday obtained different results is to be accounted for from

the sulphuric acid not being pure, but mixed with nitric acid, m
which case it always maintains a high degree of superiority over

iodide of potassium. The addition of the nitric acid, according to

Faraday's theory, increases the intensity without interfering with

the qitantity of the Electricity produced ; but if the intensity of

a chemical action is to be measured by the quantity of metal dis-

solved from a tmity of surface in the unity of time, then if sulphuric

and nitric acids be taken of such a degree of concentration that they

both dissolve just the same quantity of a like zinc surface in the

same time, there is, says the German professor, no reason why the

nitric acid should enjoy any single advantage over the sulphuric acid,

more particularly as both are non-electrolytes. Nevertheless, as

nitric acid does develope a greater degree of electro-motive force than

sulphuric acid, the chemical theorists must suppose that the equality

of the chemical action produces a specific difference in the excited

Electricity ; but Poggendorf declares that he has convinced himself

in the most positive manner, that tie result of the addition of the

nitric acid does decidedly not arise from the chemical attach of this

acid on the zinc, hit,t solely from an action of it on the platinum. The

acids were separated by animal membrane, a zinc (amalgamated)

plate being immersed in the sulphuric, and a platinum in the nitric

acid ; the two other plates, zinc and platinum, standing in solution

of iodide of potassium. The result was, that the separated acids not

only excite -an electro-motive force quite as great as the mixed, hut have

a slight superiority over these : a fact, in the professor's opinion, per-

fectly destroying the chemical theory of galvanism. Einally, not

only the cases examined in the memoir, but others in previous ones

by Eechner and others, are considered as proving in the most evident

manner that the energy of the direct chemical attack of the fluid on

positive metal does in no way stand in any connection with the

intensity of the excited electromotive force
;
and, on the other hand,

is is not proved thai the local action is ever converted into circulating,

or weakened by it.* "What has been advanced as such is founded on

error. And lastly, it is urged that the decrease of the hydrogen at

the zinc, which results on the closing of the circuit, does not happen

from a transfer of this hydrogen to the negative metal, but simply

from the oxygen being carried by the current to the zinc, and there

combining with the hydrogen.

* Faraday's Exp. Besearclies, 996.
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(720) The theories of voltaic Electricity have been examined with

much attention by Professor De la Eive, of Geneva. The following

is a brief abstract of an admirable memoir which he published in

1828, entitled, " Analysis of tlie circumstances wliich determine tJie

direction and intensity of the electric current in a voltaic pair."

(721) 1st. He strongly contends that, insuring the absence of

calorific and mechanical action, no Electricity can be developed in

bodies, when they do not undergo chemical action. AH the experi-

ments that have hitherto been brought forward in opposition to this

are unsatisfactory, owing to the very great difficulty of securing the

absence of chemical action in their prosecution. Messrs. Pfaft' and

Becquerel employed a condenser, of which one of the plates was

copper and the other zinc, between which a communication was

established by means of an insulated arc of copper : the plates were

in vacuo, in hydrogen, or in azote carefuUy dried ; or the copper plate

was gilt, and the zinc plate covered with a thin coating of lac varnish.

But De la Eive says,, it can easily be shown, that in one case suffi-

cient air (atmospheric) is always present to produce slight oxidation

of the zinc ; and in the other, the coating of varnish is too thin to

prevent oxidation, which took place through the pores the alcohol

produced by evaporation.

(722) But chemical action may be entirely excluded. Pairs of

platinum and rhodium, and pairs of platinum and gold, give no

current in very pure nitric acid; nor do pairs of platinum and

paUadium in dHute sulphuric acid ; but a drop of hydrochloric acid

in the one, or nitric acid in the other, immediately determines one.

The following experiment was made :

—

Two plates of perfectly polished steel were immersed, in a flask

containing solution of potash: one was insulated, and the other

metallically fixed by its extremity to a plate of platinum immersed in

the same liquid : the two steel plates were fixed in a cork, the upper

end of each passing into the air. In three years the immersed sur-

faces had not lost any degree of polish
;
yet, according to Yolta, the

plate connected with the platinum ought to have been oxidated, par-

ticularly, since potash is a good conductor of Electricity. The ends

outside the cork were both oxidated—the associated plate by far the

most so : hence it follows that oxidation must have commenced in

order to the existence of an electric current. The current produced

by this oxidation decomposes water, and, in consequence, determines

a stronger oxidation on the steel plate connected with the platinum

;

and this oxidation, in its turn, increases the energy of the current,

and is thus both cause and efi'ect.

(723) He says sufficient attention has not been paid to the forma-
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tion of coatings of suboxide on the surfaces of metals, wlaich some-

times take pla°ce with great rapidity, aad may be seen, by comparing

the recently brightened surface of a metal with one that has for some

time been exposed to the air. If a bright surface be rubbed with a

cork, the metal is always negative ; but if the rubbing be deferred

for a time, the metal is always positive, even in dry air. This^ is

evidently occasioned by the formation of a coating of suboxide, which

is removed by the rubbing substances, the friction afterwards taking

place between the metal and its oxide, which causes the former to be

positive. Again, if a metal which has been brightened and allowed

to remain for some time in dry air, be fixed to the negative pole of a

battery, and a plate of platinum to the positive, and both immersed

in dilute sulphuric acid, oxygen appears at the positive pole some

seconds before the hydrogen shows itself at the negative, which

shows that the latter must have been employed in deoxidating the

negative metal.

(724) The experiment of Becquerel, of immersing pure oxide of

manganese and platinum in pure water, is also unsatisfactory ; for

the current is not perceptible for more than half an hour, dm-ing

which time the Electricity due to chemical action (either from the

slight deoxidation of the peroxide, or the formation of a hydrate) is

accumulating ; here the platinum is positive.

"All chemical action disengages Electricity; but the Electricity

disengaged is not, in every case, nor under every form, proportional

to the vivacity of the chemical action. Two principal circumstances

may explain this anomaly: viz., the immediate recomposition in a

larger or smaller proportion of the two Electricities, at the points at

which they are separated by chemical action; and the particular

nature of this action, which, according to the bodies between which it

is exerted, gives rise to electric effects more or less intense."

(725) It is necessary here carefully to distinguish the Electricity

perceived from the 'Electricitj j)7'oduced : the latter must evidently be

proportional to the extent of the chemical action ; that is, that in a

given time it depends upon the number of chemical atoms which are

combined, and consequently upon all the other circumstances which

may have exerted an influence upon the number of these combina-

tions (the extent of the surface exposed to chemical action, the

vivacity of that action, &c.). The Electricity perceived, is a portion

of the Electricity produced, a portion which depends on the relative

conductibility of the bodies entering into the system in which the

Electricity is propagated, upon the disposition of the different parts

of the system, and upon the nature of the apparatus to be employed

in showing the presence of the Electricity, &c., circumstances which
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all Lave an influence on the degree of facility with which the two

electric principles follow some certain course, or become again im-

mediately united to the same surface from which, by chemical action,

they are separated.

(726) When a capsule of platinum, filled with sulphuric or diluted

nitric acid, is placed upon the plate of a condenser, and a plate of

zinc held in the fingers is immersed in it, a very feeble charge is

given to the plate of the condenser, although the chemical action

may have been very lively : the reason is, not that there has not been

an enormous disengagement of Electricity—a fact which may be

proved by employing this Electricity in producing a current,—but,

in this experiment, the negative Electricity developed in the zinc

unites with the positive with much greater facility than it can pass

through the fingers and the body of the experimenter in order to

lose itself in the earth. There wHl, therefore, be only a very feeble

positive tension, often scarcely any ; but if the dilated acid is re-

placed by concentrated sulphuric acid, though the chemical action

will be less lively, the electric tension will be much stronger, this

acid being a very bad conductor, and the passage of the Electricity

from the liquid to the metal immersed in it, being extremely dificult,

the two Electricities uniting, on the surface attacked, in much

smaller proportions : if, instead of a piece of metal, a piece of wood,

rather moist, is immersed in the concentrated sulphuric acid, the

positive tension acquired by the acid is still stronger. If a capsule,

made of an oxidable metal, be employed, and after heating it, a few

drops of a liquid capable of attacking it at that high temperature, in

ever so small a degree (pure water is sufficient), be poured into it, a

quantity of negative Electricity is developed, which is sufficiently

strong to be sensible without the assistance of the condenser, and

even to give sparks. In this case, the drop of liquid injected into the

heated capsule is converted into vapour while it is attackmg the

metal, and caiTies off with it the positive Electricity which cannot

then combine immediately with the negative Electricity left in the

metal J but if even the smallest quantity of liquid remains in the

capsule, unvaporized, the immediate recomposition takes place, and

only very feeble traces of negative Electricity can be obtained. If

the Electricity developed by the action of a gas, or by that exerted

by a humid body, such as the hand or a piece of wood, upon the

metal with which it is in contact, be often much stronger than the

Electricity residting from the much livelier action of a liquid, the

reason is, that in the former case, the immediate recomiwsition of the

two electric principles is almost null, in consequence of the imperfect

conductibility of the exciting bodies, and that the Electricity pro-
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duced is almost entii-ely perceived. There is, however, a slight re-

composition ; for the negative tension of an insulated metal is sensibly

augmented by giving a translatory motion to the gas which attacks

its°surface; the consequence of which is, that the positive Electricity

accumulated in the gas, being removed with it, cannot unite with the

negative left in the metal. The principle of the immediate recom-

position of the two Electi-icities applies also to the production of

electric currents in a pair. In very lively chemical actions, the larger

proportion of the Electricities developed often undergoes this recom-

position ; a small part only runs through the whole circuit, especially

if it be not a very good conductor, which is the reason that the

strongest currents are not always those produced by the most lively

chemical actions, and that in a pair, the metal most attacked is not

always the positive one; that is, the one whence the current com-

mences. However, the latter case occurs only when each of the two

metals of the pair are immersed in different liquids. A single example

may be adduced : a plate of zinc is immersed in concentrated sul-

phuric acid, and a plate of copper in nitric acid : the two acids are

immediately in contact, and the two metallic plates communicate by

means of the wire of a galvanometer. In this pair the zinc is positive,

though it is much less attacked than the copper, because the two

Electricities developed by the action of the sulphuric acid on the

zinc, can be more easily reunited by making the tour of the circuit,

than by passing from the sulphuric acid to the zinc, and reciprocally

;

while, on the contrary, the two Electricities developed by the action

of the nitric acid on the copper, reunite immediately with the greatest

facility, in consequence of the conductibility of the nitric acid, and

the ready passage of the Electricity from that acid to the copper

;

while to make the circuit, they would be obhged to traverse the con-

centrated sulphuric acid, which is a very imperfect conductor, and

pass from the zinc to the acid—a very difB.cult passage. Two cir-

cumstances prove the exactitude of this explanation : 1, The same

result is obtained in the preceding experiment by substituting a

plate of zinc similar to that which is immersed in the sulphuric acid

for the plate of copper immersed in the nitric acid. 2. If a capsule

of platinum be put upon the plate of a condenser, and filled in suc-

cession with nitric acid and concentrated sulphuric acid, and a plate

of copper or zinc held between the fingers, be immersed in the former

liquid, and a plate of zinc in the latter, a much stronger positive

Electricity is obtained in the second case than in the first.

(727) In applying these principles to the explanation of the theory

of the voltaic pile, De la Eive remarks, that the use of the pile is to
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facilitate the passage ofthe current through imperfect conductors, and

not to increase iJie quantity of Electricity ; for the utmost that can be

effected by a pile composed of a certain number of similar pairs is to

compel all the Electricity produced by only one of its pairs, to pass

through the conducting body which connects its poles. The only

means of attaining this object is to separate the two metals of a pair

by other pairs, as similar to the first as possible. These intermediate

pairs, the number of which should correspond to the more or less im-

perfect conductibility of the bodies interposed, will each produce as

much Electricity as tlie extreme pairs. But these Electricities do not

pass througJi tlie coiiditctor, they only compel the Electricities of the

extreme pairs to pass through it almost in totality.

(728) Let us see how this effect is produced. " We shall take a pile

in activity, and suppose that all the pairs of which it is composed are

so exactly similar in every respect that the free Electricity on each of

them has the same intensity. Let J be a pair in the pile taken at

hazard, and disposed in such a manner that its zinc is immersed in the

same liquid as the copper of the pair a, which precedes it ; and its

copper in the same liquid as the zinc of the pair c, which follows it.

The chemical action of the liquid upon the zinc of the pair I, developes

in it a certain quantity of Electricity ; the portion of this Electricity,

which does not undergo immediate recomposition, remains free, and

the same for all the pairs, they being similar and symmetrically dis-

posed with relation to each other. According to this, the positive

Electricity of I, developed by chemical action, in the liquid in which

the copper of a is immersed, neutralizes the negative Electricity of

this latter pair, which is equal to it. Li the same manner, the nega-

tive Electricity of I, which by chemical action is carried to the zinc,

and thence to the copper in contact with the zinc, neutralizes the

positive Electricity of c, which also is perfectly equal to it. There

remains, then, an excess of free positive Electricity in the liquid in

which the zinc of a is immersed, and an excess of free negative

Electricity, perfectly equal upon the copper of c. But these free

Electricities are^^neutralized by the equal and opposite Electricities of

the following pairs, with regard to which we may reason in the same

manner as for the pairs a, h, c. Thence there results an excess of

free positive Electricity at the extremity of the pile, at the side of a

;

and an exactly equal excess of negative Electricity at the extremity,

situated at the side of h. Such is found to be the fact, if a commu-

nication be established between each of the extremities and an electro-

scope : and if they be united by a couductor the two excesses of free

Electricity are collected together and form the current. The intensity
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of this current, as experiment has proved, ought to be perfectly equal

to that of the current which ia established in the pile itself between

all the pairs."

(729) M. de la Rive next proceeds to show how it happens, that

though the quantity of free Electricity developed upon each pair of

the pile be frequently not mathematically the same, yet the current

which traverses a conductor, uniting the two extremities, is still

mathematically equal to that which traverses each of the pairs.

To establish this important result, instead of soldering the zinc and

copper of the same pair to each other, an independent conductor

must be fixed to each. By means of these two conductors, a metallic

communication is established between the two metals of the pair by

the intervention of one of the wires of a double galvanometer, the

second wire of which serves as conductor to the current of a second

pairofthe same pile, or to effect a communication between the twopoles.

(730) If these two currents are carefully made to pass in contrary

directions in each of the wires of the galvanometer, their action on

the needle will be always found absolutely null, provided they are

mathematically equal. This equality is easily explained. Take the

most feeble pair in the pile ; let h be the pair ; the positive Electri-

city disengaged by I cannot neutralize all the negative of a; there

will remain then, in the copper of «, an excess of negative Electricity,

which will retain, by neutralizing it, an equal quantity of positive

;

the result will be, that a, though much stronger than 5, can only set

at liberty a quantity of positive Electricity equal to that of h. It

appears from this analysis, that the current of each pair, and conse-

quently the current of the whole pile, should be equal to the current

produced by the weaTcest pair. Now experiment fully proves, that if

a feeble pair is introduced into a pile composed of energetic pairs,

the immediate result is a considerable diminution in the force of the

current of the pile, and consequently of the current of each of the

other pairs. But this reduction is never sufB.cient to render this

current equal to that which would be developed by the pair intro-

duced in an insulated state. Indeed, any pair whatever necessarily

produces a greater quantity of Electricity when it is in the circuit

than when it is isolated. Erom these valuable remarks we see how
necessary it is, in the construction of compound voltaic batteries, to

prepare plates as similar as possible, both in size and quality of metal;

for of how many pairs soever the arrangement may consist, and how
perfect and alike soever all the other pairs may be, the introduction

of one smaller or faulty pair will inevitably reduce the power of the

battery to that which would result from an equal number of pairs of

plates of the size and condition of the feeble pair.
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(731) The same indefatigable electriciaii published also in 1836

another essay, embodying a series of experimental arguments against

the contact theory. This memoir was afterwards replied to by

Pechner, in a paper published in Poggendorf's Annalen,* entitled

"Justification of the Contact Theory." We shall give one or two

extracts from each of these memoirs, more, however, with a view of

exhibiting specimens of the profundity of thought and skill thrown

by both parties into the argument, than with an expectation of

enabling any of our readers to form a conclusion respecting these

hardly-contested theories.

(732) Amongst other important experiments, quoted by De la Eive,

is the following: A piece of potassium or sodium was fixed, in a

solid manner, by one of its ends to a platinum forceps, while the

other extremity was held by means of a wooden or ivory one. If,

after having well brightened it, it is surrounded by very pure oil of

naphtha, and the condenser be touched with the end of the platinum

forceps, no electrical sign is observable
;
while, if the naphtha oil is

taken off, and none remain adhering to the metal, this is observed to

oxidate rapidly by the contact of the air, and the Electricity indi-

cated by the electroscope is of the most lively kind. The condenser

is scarcely necessary to render it perceptible. If, sometimes, some

indications of Electricity are obtained when the potassium or sodium

is on the oil of naphtha, then a small quantity of humidity has been

introduced into the liquid, which had remained adhering to the sur-

faces of the two metals, and which exercises on them a chemical

action, which it is easy to recognise. Immersed in azote and in

hydrogen, the two metals stiU give rise to a development of Electri-

city, proceeding from the action exerted upon them, either by the

gas or by the aqueous vapour, from which it is impossible entirely to

free them ; and in proof of this chemical action, we see their surfaces

lose their metallic brightness and become tarnished very much, as

would have taken place in the air.

(733) By a variation in the method of performing this experi-

ment, Eechner brings it forward as furnishing an argument against

the chemical theory. If the potassium be brought into connection

with the earth by means of onoist wood, then powerful action is pro-

duced in the petroleum, arising, according to the chemical theory,

from the chemical action produced through the moisture, and, accord-

ing to the contact theory, from the increased conducting power of the

wood. If the one-half of the bar of wood, which stood in connection

with the potassium, was moistened, and the other half air-dried, then

no effect was produced on the condenser, provided the dry half of

• Vol. xiiL p. 481.
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the wood was held in the hand ; and this was even the case if the

potassium was moistened with acidulated water during the contact,

so that a violent chemical action took place, a proof that the non-

conducting power of the dried wood is sufficient to explain the nega-

tive result.

A delicate electrometer was constructed to present the smallest .

possible surface : it consisted solely of a very thin and short brass

wire, which, as the axis of a surrounding gum lac cylinder, traversed

the perforated bottom of an inverted drinking-glass, and from which,

within the glass, was suspended, between the pole plates of a dry

pile, a very small gold leaf, 2| inches long, while the Electricity

could be transferred to the prominent end of the brass, without the

> glass. Into the potassium ball was inserted a thin platinum wire, as

short as the convenience of transfer of the Electricity allowed, and

the ball itself, for the purpose of increasing its surface, was pressed

between two copper plates, which had been soaked in petroleum, as

smooth as was possible, without cutting the potassium ball with the

platinum wire. Thus, the entire electrometer might have been some-

what about double the size of the surfaces of the potassium. The

potassium disc, with the upwards-bent platinum wire proceeding

from it, was placed in a small glass, and covered with petroleum to

about half an inch high, the platinum wire which projected from the

petroleum, and which nowhere touched the glass, was discharged on

to the electrometer, the glass being held in the hand. The divergence

to the side which indicates the negative Mectricity folloioed in this

case quite as constantly, evidently, and certainly, as if the potassiwn

had leen insulated in the air. It is true, observes Eechner, that

when the potassium is brought from the air into the petroleum, the

chemical action of the adhering moisture is shown by the gas bubbles

which rise from the liquid ; but this development of gas soon ceases,

and, twenty-four hours after it had entirely disappeared, the elec-

trical signs in the petroleum were of quite the same force as during

the development of gas, and even in. the air, so that any objection

raised on the grounds of chemical action is valueless, and the experi-

ment is entirely in favour of the contact theory.

(734) Some experiments are described by De la Eive, in which two

similar plates of zinc are furnished with a brass knob soldered to

each, the inner surface of one plate, and both exterior and interior

surfaces of the other, being covered with lac varnish. "WTien these

plates are made sometimes to stand in the place of the plates of a

condenser, and sometimes using one of them and another brass plate,

it was shown that when entirely protected from the action of the air

by means of a layer of varnish, a plate of -zinc does not become

L L
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electric in its contact with a brass knol), and, indeed, that it conducts

itself as a homogeneous plate of brass ; for when the brass knob was

touched with the copper element of a heterogeneous plate, the zinc of

which was held in the hand, it became charged with negative Elec-

tricity, though, according to the contact, theory all kind of action

should have been neutralized, from the opposition of two pairs of

plates perfectly similar.

(735) These experiments were repeated by Pechner with contrary

results. He states, that in order to lay aside the objection which

perhaps might be raised respecting the chemical action of the air

upon the copper knob, he fixed a platinum wire to it, and then

varnished the whole over so as to have the platinum alone exposed.

Nevertheless, when the platinum was touched with the finger or vnth

a slip of paper moistened in distilled water, the zinc condensers

became quite as well charged with positive Electricity as if it had

not been varnished. Becquerel and Peltier arrived at similar results ;*

and Pfaff, who states that he repeated DelaEive's experiments quite

in accordance with his own statement, always observed the same

action of the zinc condensers witTi as without varnish.

(736) The following experiment is produced by Eechner as an

experimenfum crucis against the chemical theory. Ten pairs of zinc

and copper, in every respect as equal to one another as possible, were

arranged into a " couronne des tasses," so that half of the said pairs

produced a current opposite in its direction to that which was

originated by the other half. The exciting fluid used was common

water. Such an arrangement being connected with the galvanometer

can, according to either of the two theories, have no efi"ect upon the

needle, provided everything in the two systems of ceUs be equal

;

muriatic acid was then put into one of the systems, and it was found

that in these circumstances the previous equilibrium was in the first

instance maintained, but that by degrees the current of the water

cells got the ascendancy over the acid system. " According to the

contact theory," says Eechner, " the explanation of this experiment

is easy." The addition of muriatic acid increases the action only by

diminishing the opposition to the conduction present in the circuit,

and this diminution is of as great advantage to the Electricity (which

is developed by contact in the cells without acid) in its entire circu-

lation throughout the circuit, as to the Electricity of the pairs of

plates which are in the very acid fluid. " How the result is to be

explained according to the chemical theory, I cannot conceive."

(737) We think, however, that Schoenbein has given a very satis-

• Traite d'Electricitd, ji- P- 139.



THEOBT 01" THE VOLTAIC PILE; EAEADAT. 515

factory explanation of thia experiment on the clmnical principle.

Prom the results of various experiments, it appeared that only m a

few instances the chemical difference of the exciting fluids contained

in the two systems of cells determines a difference of currents

produced by the two sets of pairs, and that the general rule is the

production of current equiUbrium. Now it had been established by

De la Eive that the electricities which are set free by chemical

action at the two ends of a closed compound circle, unite themselves

in two ways : one of wHch is the pile itself, the other the conductor

placed between the poles—the quantities of Electricity recombmmg

within each of the two conducting mediums depending upon the

peculiar degree of conducting power in each. If in the case in

question we consider the acid cells as originating the current and the

water cells merely as the medium placed between the poles, it is

evident that by far the larger portion of the Electricity developed

must be re-united within the pile, and only a small quantity pass

through the water cells and through the galvanometer ;
but as we

know that the water cells also give rise to a current, which, on account

of the peculiarity of the arrangement, would be in direction opposite

to that excited by the acid cells, it appears from the fact of equi-

libriiun usually taking place, that both currents are generally equal

to one another. If ten voltaic pairs be taken, half of them being put

into water cells, and the other half into acid ones, and arranged in

the usual way, a current is produced much weaker than that which

is obtained from five pairs alone placed within the acid fluid. Why
(the contact theorist may ask) should this be?—the extent of

chemical action in the whole arrangement must be greater than that

of only a part !—how then does it happen that the voltaic effect of

ten pairs is smaller than that produced by five?* The answer to

this question is too obvious to require further consideration.

(738) The celebrated papers of Earaday on the theory of the voltaic

pile were read before the Eoyal Society in Eebruary and March, 1840.

We shall attempt a brief analysis of these memoirs, as they form the

most powerful series of experimental arguments that have hitherto

been brought together against the contact theory, and are considered

by the great majority of electricians, in this country at least, as quite

unanswerable.

In the arrangement shown in Eig. 251, the glasses D E are

fiUed with solution of sulphuret of potassium ;
P, I, in D, are plates

of platinum and iron ; and P, P, in E, plates of platinum ; G- ia a

galvanometer. Here it wiU be observed that there are three metallic

* See also, in relation to this subject, the experiments with the water battery.
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Fig. 251.

contacts of platinum and iron, viz., at a:, a, and J; with certain

precautions no current passed, though heating either of the junctions

at a, J, or a;, caused a thermo-cv/rrent deflecting the galvanometer

from 30" to 50° ; and when the tongue or a wet finger was appHed at

either of the junctions, a strong current passed : contact of platinum

and iron therefore in this case produced nothing. Zinc, gold, sHver,

potassium, and copper, introduced at x, produced no current ; so no

electromotive force exists between these metals and platinum and

iron. Various other combinations of metals were tried with similar

negative results. In green nitrous acid, iron and platinum produced

no current ; neither did it in solution of potassium. Now, according

to the contact theory, the contact effects between metals and liquids,

so far from being balanced, give rise to the phenomena of the pile : it

cannot, therefore, be supposed that in the above cases the effects

are balanced without straining the point in a most unphiLosophical

manner. According to the chemical theory, however, the facts admit

of very simple explanation : where there is no chemical action there

is no current, and a single experiment shows the operator what he is

to expect. The contact theory cannot explain why, substituting

zinc for iron, a powerful current should be produced in sulphuret of

potassium with platinum ; but the chemical theory at once recognizes

a chemical action on the zinc, and the same is the case with copper,

silver, tin, &c. Many circuits of three substances, all being con-

ductors, were next tried, but without estabKshing anything like

electromotive force.

(739) To account for the current of the voltaic pile, distinct and

important cases ought to be brought forward, and not a case where

the current is injinitesimally small. To account for the phenomena
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platinum

Lead • • • platinum.

Lead <

with a film

of sulphuret

a good con-

ductor

' platinum

obtained with sulphuret of potassium, the contact force must be sup-

posed to be balanced in some cases (iron and platinum), and not in

others (lead and platinum) ; in the latter case, the current ceases

when a fibn of sulphuret has been formed by the chemical action,

though the circuit be a good conductor. The case, therefore, will

stand thus :

—

^ . , . ( Electromotive forces
sulphuret of potassium

j ^^^^^^^^^

, , , . \ Electromotive forces
sulphuret of potassium

j balanced.

, , ( Electromotive forces
Bulph. potas. • • •

I
balanced.

Nothing, therefore, can be predicted by the contact theory regard-

ing results.

(740) Some active circles excited by the sulphuret of potassium

are next examined. Tin and platinum produced a strong current,

tin being ^lus ; after a time the needle returned to- 0, the tin

becoming invested with a non-conducting sulphuret. The current

here cotild not have been produced by the contact force of the

sulphiiret, because it happens to be a non-conductor.

Lead and platinum produced a strong current which ceased when

the lead became invested with sulphuret
;
nevertheless, though che-

mical action ceased, and, therefore, no current was called forth, the

arrangement conducted a feeble ^Aemo-current exceedingly well, the

sulphuret of lead heing a conductor : this was an excellent case in

point. Lead and gold, lead and palladium, lead and iron, gave

similar results.

Bismuth with platinum, gold, or palladium, gave active circles, the

bismuth being plus; in less than half an hour the current ceased

though the circuit was still an excellent conductor of thermo-cur-

rents. Bismuth with iron, nickel, or lead, produced similar results.

Copper, associated with any metal chemically inactive in the solution

of sulphuret gave a current, which did not come to a close as in the

former cases, and for this reason, the sulphuret of copper does not

adhere to the metal, but falls from it in scales, exposing a fresh sur-

face to the action of the sulphuret of potassium. Antimony, plati-

num, and sulphuret of potassium, produced a powerful and perma-

nent current, but the sxilphuret of antimony does not adhere to this

metal, which sufficiently explains the phenomenon, showing it to be

dependent on chemical action. Sulphuret of antimony is not a con-

ductor. Silver acts like copper ; the current is continuous, and the

sxdphuret of silver separates from the metal. Sulphuret of silYer is

a non-conductor. Zinc also gives a permanent current, but sulphuret
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of zinc is soluble in sulpliuret of potassium. Now, sulphuret of zinc

is a non-conductor ; how then, in this case, can the current be pro-

duced by contact ? All the phenomena with sulphuret of potassium

are decidedly tmfavourable to the contact theory : with tin and cad-

mium, it gives an impermeable non-conducting body ; with lead and

bismuth, an impermeable conducting body ; with antimony and silver,

it produces a permeable non-conducting body ; with copper, a per-

meable conducting body; and with zinc, a soluble non-conducting

body. The chemical action and its resulting current are perfectly

consistent with all these variations ; but the phenomena can only be

explained on the contact theory by making special assumptions to

suit each particular case.

(741) A series of experiments was then made with different

metals in solutions unequally heated, and the results were considered

as affording striking proofs of the dependence of the current on

chemical action, according perfectly with the known influence of

heat, and not cognizable by the theory of contact without fresh

assumptions being added to those abeady composing it. The elec-

tric current appeared to be determined, not by the amount of che-

mical action which takes place, but by the intensities of the affinities

concerned ; and the intensity of currents is exactly proportional to

the degree of affinity which reigns between the particles, the com-

bination or separation of which produces the currents.

(742) The effect of dilution is next examined. In Eig. 252, the

Fig 252 V^^^ below m is strong acid, and that above diluted,

the wires being platinum, and the fluid nitric acid

;

drawing the end of the wire B upwards above m, or

depressing it from above on downwards, caused great

changes in the galvanometer. The wires, silver,

iron, lead, tin, cadmium, and zinc, being compared,

it was found that the metal in the weaker acid was

plus to that in the stronger. The fluids being

strong and dilute mui-iatic acid, and the metals silver, copper, lead,

tin, cadmium, and zinc, being compared, the metal in the strongest

acid was plus, and the current in most cases powerful. The fluids

being strong and dilute solution of caustic potash, with iron, copper,

lead, tin, cadmium, and zinc, the metal in the strong solution was

positive. Cases occurred also in which metals in acids of a certain

strength were negative to the same metals in the same acid, either

stronger or weaker.

Iron and silver being in the tube C D, Pig. 253, whichever metal

waB in weak acid was positive to the other in the strong acid
;

it was

merely requisite to raise the one and lower the other metal to make
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either positive, at pleasure. Of the metals, silver, pig. 253.

copper, iron, lead, and tin, any one can be made

positive or negative to any other, with the exception

of silver positive to copper : and such are the won-

derful changes that may be brought about by the

mere effect of dilution, that the order of these

metals may be varied in a hundred different ways

by the mere effect of dilution.

• (743) The same metals in the same acid of the same strength, at

the two sides, may be made to change their order thus :—Copper

and nickel being put into strong nitric acid, the copper wiU be

positive ; in dilute acid the nickel will be positive. Zinc and cad-

mium, in strong acid : the cadmium will be positive ; in dilute acid,

the zinc strongly positive. An effective battery may be cqjistructed

by employing only one metal and one fluid
;
thus, if the parts of

the tubes at a, Fig. 254, contain strong nitric or sulphuric acid, and

Fig! 254.

<» CO

the parts at h, diluted acid of the same kind, then, by connecting

these tubes by wires, rods, or plates, (c) of one metal only, such as

copper, iron, silver, tin, lead, or any of those metals which become

positive and negative by difference of dilution in the acid, we have a

voltaic arrangement.

(744) Where cTiemical action has been, hut diminishes or ceases, the

electric enrrenf diminishes or ceases also. If a piece of tin be put

into strong nitric acid, it will generally exert no action in conse-

quence of the film of oxide which is on its surface ; and if two plati-

num wires, connected with a galvanometer, be put into the acid, and

one of them pressed against the tin, no current will be produced. If

now the metal be scratched under the acid, so as to expose a clean

surface of metal, chemical action taJces place, and a current is pro-

duced ; but this is only for a moment, for oxide of tin is soon

formed, chemical action ceases, and the current with it.

(745) When chemical action changes, the current changes also. If

copper and silver be associated in dilute solution of sulphuret of

potassium, the copper will be chemically active and positive, and the
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silver wiU remain clean until of a sudden the copper will cease to

act, and the silver wiU become instantly covered with sulphuret,

showing by that, the commencement of chemical action there ; and

the needle of the galvanometer will jump through 180".

(746) Where no chemical action occurs, no current is 2)roduced;

hut a current will occur the moment chemical action commences. This

Fig. 255. is well illustrated by the following

experiment: In Tig. 255, let both

tubes be filled with the same pure,

pale, strong nitric acid, and the two

platinum wires f p, being connected

by a galvanometer, and the wire i,

of iron, no current is produced;

now, let a drop of water be put in

at 5, and stir the water and acid

together by means of the end of the wire i, chemical action com-

mences, nitrous gas is evolved, and the iron wire acquires a positive

condition at &, producing a powerful current.

(747) When the chemical action which either has, or could have

produced a current in one direction, is reversed or undone, the current

is reversed or undone also. It was shown by Yolta, in 1802, that

crystallized oxide of manganese was highly negative to zinc and

similar metals, giving, according to his theory, Electricity to the zinc

at the point of contact. In 1833, Becquerel examined this subject,

and thought the facts favourable to the theory of contact. Accord-

ing, however, to De la Eive, the peroxide is at the time imdergoing

chemical change and losing oxygen,—a change perfectly in accordance

with the direction of the current it produces. Peroxide of manganese

associated with platinum in green nitrous acid, originates a current,

and is minus to the platinum ; but a chemical action is going on, the

peroxide giving up oxygen, and converting the nitrous into nitric

acid. Peroxide of lead produces similar phenomena in solution of

common salt, and in potash it is minus to platinum ; but direct ex-

periments show that there is sufficient chemical action to account

for the effects.

(748) Paraday concludes his elaborate defence of the chemical

theory of galvanism, with the following remarks on the improbable

nature of the assumed contact force :
" It is assumed that where

two dissimilar metals touch, the dissimilar particles act on each

other, and induce opposite states ; that the particles can discharge

these'states one to the other, and yet remain unchanged; and that

while thus plus and minus, they can discharge to particles of like

matter with themselves, and so produce a current. Put if the actmg
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particles are Bot changed, it should follow, that the force which

causes them to assume a certain state in respect to each other, is

unable to make them retain that state, thus denying the equality be-

tween cause and effect. If a particle of platinum by contact with a

particle of zinc willingly gives off its own Electricity to the zinc,

b ecause this, by its presence, tends to make the platinum assume a

negative state, why should the particle of platinum take Electricity

from any other particle of platinum behind it, since that would only

tend to destroy the very state which the zinc had just forced it into ?

This is quite contrary to common induction ; for there a ball, ren-

dered negative, not only will not take Electricity from surrounding

bodies, but if we force Electricity into it, it will, as it were, be sjyur-

red lack again wth a power equal to that of the inducing body. Or,

if it be supposed that the zinc particle, by its inductive action, tends

to make the platinum particle positive, and the latter, being in con-

nexion with the earth by other platinum particles, calls upon them

for Electricity, and so acquires a positive state, why should it dis-

charge that state to the zinc—the very substance which, making the

platinum assume that condition, ought, of course, to be able to sus-

tain it ? Or why should not Electricity go from the platinum to the

zinc, which is as much in contact with it as its neighbouring plati-

num particles are? Or if the zinc particle, in contact with the

platiniim particle, tends to become positive, why does not Electricity

flow to it from the zinc particles behind, as well as from the plati-

num ? There is no sufficient, probable, or philosophic cause assigned

for the assumed action, or reason given why one or other of the con-

sequent effects above-mentioned should not take place. The contact

theory assumes, that a force which is able to overcome powerful

resistance, can arise out of nothing : that without any- change in the

acting matter, or the consumption of any generating force, a current

can be produced, which shall go on for ever against a constant resist-

ance, or (inly be stopped as in the voltaic trough, by the ruins which

its exertions have heaped upon its own course. The chemical theory,

on the other hand, sets out with a power, the existence of which is

pre-proved, and then follows its variations, rarely assuming anything

which is not supported by some corresponding simple chemical fact.

The contact theory sets out with an assumption to which, it adds

others, as the cases require, until at last the contact force, instead of

L eing the firm unchangeable thing at first supposed by Volta, is as

variable as chemical force itself. Were it otherwise than it is, and

were the contact theory true, then the eqviality of cause and efiect

must be denied. Then would perpetual motion also be true ; and ib

would not be difficult, upon the first given case of an electric current

M M
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by contact alone, to produce an electro-inagnatic arrangement, which,

as to its principle, would go on producing mechanical effects for

ever/'

(749) It would be difficult to give a satisfactory explanation ol

the theory of Mr. Grove's gaseous voltaic battery, on the contact

hypothesis. " Where," says its ingenious author, " is the contact, if

not everywhere ? Is it at the points of junction of the liquid, gas,

and platinum ? If so, it is there that the chemical action takes

place; and as contact is always necessary for chemical action, all

chemistry may be referred to contact ;
or, upon the theory of a uni-

versal plenum, all natural phenomena may be referred to it. Contact

may be necessary ; but how can it stand in the relation of a cause,

or of a force ?" In the opinion of Mr. Grove, the most interesting

effect of this extraordinary battery is the fact which it establishes,

that gases in combiniag and acquiring a liquid form, evolve sufficient

force to decompose a similar liquid, and cause it to acquire a gaseous

form ; for it has been proved, that the gases evolved at the electrodes

are exactly equal to the quantity absorbed in each pair of tubes.
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analyze the whole must have been a most arduous one, one which for its
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upon herself the duties and responsibilities of a married life, we know of no work
that we could more confidently and conscientiously recommend."

—

Lady's Newspaper

In Post 8vo., illustrated with Woodcuts, price 4s. 6d., bound in cloth

THE FARMER'S MANUAL OF AGRICULTURAL CHEMISTRY
with Instructions respecting the Diseases of Cereals and the Description of the Insects
which are Injurious to those Plants. By A. Normandy, Author of the "Commer-
cial Handbook of Chemical Analysis," &c.

" This work will be found of incalculable value to the farmer. We have perused
the Manual with much interest, and have no hesitation in recommending it to the
notice of every farmer, who will find it an excellent guide in all questions relatino- to
Agricultural GhemntTy."—Agricultural Magazine.

"

« By far the best attempt to supply a treatise of a limited kind on the chemical
analysis of the materials with which the agriculturist is concerned ; the instructions
u e very satisfactory, and are accompanied by illustrative figures of the necessarv
sippaiatus."

—

Aberdeen Journal. •'



2 SCIENTIFIC AVOllKS PUJiLISHED BY

Price 2s, cloth,

GTTIDE TO THE ALKALIMETRICAL CHEST,, or Practical InBtrnc-

tions for the Deterniination of the Commercial Vahie of Alkalies and of Acids. By
A. Normandy, Author of "Practical Introduction to Rose's Chemistry," &c.

Price 38.

ELEMENTS OF TJRINAIIY ANALYSIS. By Robert Venablec,

A.M., M.B., &LC.

Opinions of the Press on the First Edition.

"The directions furnished by the author of the pamphlet, as a guide to the expe-

rimentalist on urinary secretions, are clear and practical, and we think that the

following condensed summary will serve as a useful article for future reference."

—

Provincial Medical and Surgical Journal.

Now publishing in Parts, each complete in itself, price Is.,

MANIPULATIONS IN THE SCIENTIFIC AETS.

The following are already published:

—

ELECTROTYPE MANIPULATION, Parts I. and II. By C. V. Walkeb,

Editor of the " Electrical Magazine."

Part I, contains—The Theory of Electro-Chemical Decomposition—Full Instructions

for Depositing Copper from its Solutions—Description of the Construction and

Management of the Necessary Apparatus—The Art of Mould-making, with the

recent'lmprovements—Bronzing and Mounting the finished Specimens. The most

minute instructions are given in every stage of the process ; and the causes of

failure and their remedies are so clearly pointed out, as to enable even the least

experienced in Experimental Philosophy to practise with success this beautiful and

interesting art.

Part 11. contains—All the necessary instructions for Plating and Gildin?, or the

Depositing of Silver and Gold ; with Minute Descriptions of the Preparation of

the Solutions best fitted for the purpose—Electro-etching, &c., &c.—Abstracts of

the various Patents that have been granted for the Application of Electrotype to

the Arts. The whole forming a complete miniature manual of the subject on

which it treats.

These Two Parts may be had in cloth, boards, price 2s. 6d.,

" To those who are desirous of obtaining a thorough knowledge of the subjects

treated of in this little work, with as little cost as possible, it will be hailed as a boon.

Our remarks orfPart I. apply with equal if not greater force to Part II., and

we recommend both to the perusal of such of our readers as may be desirous of

becoming conversant with the beautiful art of Electrotype."

—

Chemist.

« This" little manual contains a most complete account of the whole process of

Electrotype Manipulation. We have seldom, indeed, met with a work professing to

give instruction in the manipulation of any art or process of manufacture so practically

useful as this small volume."

—

Civil Engineer and Architect's Journal.

Price Is. 6d.,

ELECTRIC TELEGRAPH MANIPULATION :
being the Th«.ry and

Plain Instructions in the Art of Transmitting Signals to Distant Places, as Practised

in England, through the Combined Agency of Electricity and Magnetism. By O. V.

Walker, Author of " Electrotype Manipulation."

" It is not a piece of off-hand gossip about the Electric Telegraph, hut a grammar

of the science, containing all that is most essential towards attaining a competent

knowledge of 'its theory and practice."—/>ai/y
. .

« We think this little volume contains more popular information on the science ol

Galvanic Electricity as a telegraphic agent, than any publication which has yet

appeared ; and as its price places it within the reach of all, we heartily recommend

it to our readers."

—

Mining Journal.



GEORGE KNIGHT AND CO. 3

"This little work is devoted to a complete explanation of the Manipulation of the

Electric Telegraph, and of the manner in which Electricity and Magnetism are

applied to this instrument ; and it has not often fallen to our lot to notice a manual

which more completely fulfils all the required conditions of such a work."

—

Alhentsum.
" We are glad to see the ' Manipulation of the Electric Telegraph ' described in

accurate and intelligible language, treated by an author who is intimately acquainted

with his subject, and who therefore can afford to speak of it simply and briefly

—

sufficiently explained by illustrations, and published in a cheap and portable form."

—

Alias.
" This is a very well-written, well-illustrated, and interesting, popular account of

Electric Telegraphs, by one who, from his long practical acquaintance with the

subject and his official position, possessed m.my facilities for furnishing correct details.

It cannot fail to have, as it deserves, a very extensive sale,"

—

Pharmaceutical Journal.

PHOTOGENIC MANIPULATION". By Robert J. Bingham, late Che-

mical Assistant in the Laboratory of the London Institution.

Full Instructions for Practising the Daguerreotype, or the Art of Taking Im-
pressions or Pictures on Silver Plates. Ample Instructions are given as to the

Selection and Polishing the Plates, and the whole of the Apparatus required

fully described.

"Mr. Bingham, who is well known for his introduction of some useful compounds
of iodine and bromine for rendering sensitive the silver plates for Daguerreotype, has
executed his task with much ability ; and we can recommend the ' Photogenic Mani-
pulation' to all persons interested in the practice of ' sun painting' as an exceedingly

useful manual."

—

Art Union Magazine.

Second Edition, price Is.,

PHOTOGRAPHIC MANIPULATION :
the Wax Paper Process of Gus-

tave le Gray, translated from the French. To this has been added, in a Supplement,
a New Modification of the Process, by which the time of exposure is reduced to one
half. By James How, Assistant in the Philosophical Establishment at the Pub-
lishers.

Price Is.,

ON THE PRODUCTION OF POSITIVE PROOFS FROM WAXED
PAPER, COLLODION, AND OTHER NEGATIVES, being the Substance of a
Paper read before the Chemical Discussion Society. By James How, Assistant iu
the Philosophical Establishment of Geo. Knight and Co., and Member of the
Chemical Discussion Society.

Fourth Edition, price Is.,

PHOTOGRAPHIC MANIPULATION : the Collodion Process. By J. H.
Hennah. '

Price 6d.,

INSTRUCTIONS FOR COLOURING DAGUERREOTYPE POR-
TRAITS. By L. Mansion.

Just Published, and will be forwarded free by Post on receipt of Six Post Office
Stamps,

AN ILLUSTRATED CATALOGUE OF THE APPARATUS AND
MATERIALS REQUIRED IN THE PRACTICE OF PHOTOGRAPHY
includmg both Plate and Paper Processes.

'

Price 6d.,

DESCRIPTION OF AN IMPROVED AIR-PUMP. Applicable to
Philosophical and Manulactunng Purposes. Invented and Patented by C W
Siemens. Manufactured by the sole Licensees, George Knight and Co., Fostei
Lane, Oheapside, London.



The whole of the Apparatus, Instrument^ Materials, and Tests described in these,

and in various other Works in the several branches of experimental Science, may

be procured of

GEOEGE XNIGHT AND CO.,

MANUFACTURERS OF

CHEMICAL AND PHILOSOPHICAL APPARATUS,
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1 (ll^atal0giie

OP THK DIPPERENT

APPAEATUS AND INSTEUMENT S

DBSoniBBD IN

NOAD'S MANUAL OF ELECTEICITY,

PART I.

MAOTJFACTURED AND SOLD BY GEORGE KNIGHT & CO.

FOSTER LANE, LONDON.

ELECTRICAL APPARATUS.
Glass Tube or CyUnder for exciting Electrical action when

rubbed with a piece of warm Flannel or silk, page 17

Sealing Wax Cylinder for the production of Negative Elec-
tricity

Pith Balls and Insulated Stand for showing the phenomena
of Positive and Negative Electricity by the attraction and
repulsion of two pith balls . . . -pig. 1

Gilbert and Haiiy's Electroscope, consisting of a light needle
on brass stem, for showing the electric state of certain
minerals • • . . . Fig 2

Canton's Electroscope as modified by Cavailo . Fig. 3

The Balanced Needle Electroscope . . . pig. 4
Faraday's Electroscope, adapted for the lecture room Fig. 5
Sir William Snow Harris's Quadrant Electroscope . Fig. 6

Bennett's Gold Leaf Electroscope
. , . pig, 7

Singer's improved Gold Leaf Electroscope, with double insu-

. Fig. 8
Dr. Hare's Single Leaf Electroscope

. . pig, 9
Mr. Gassiot's Modification of the Single Gold Leaf Electro-

scope, by which Its delicacy is increased so as to show an
ettect trom a single pair ofgalvanic plates Fig. 172, page 308

Bohnenberger's Electroscope, with dry electric column, form-
ing an instrument of wonderful sensibility

. Fig. ] q
Coulomb's Torsion Electrometer . . . Fig 11
Sir William Snow Harris's Balance Electrometer . Fig. 12
Sir Wniiam Snow Harris's Hydrostatic Electrometer Fig. 13
Henley's Quadrant Electrometer, with graduated arc Fig. 72

^r^e^irfcUy"""*'' "'^ ''''''

'T'fT^J • - • . Pigs. 14, IS, 18

d. £ B. d.

6 to 0 5 0

0 ... 0 10 0

0 3 6 ... 0 10 0

0

6

0

0 ,

0 .

0 .

0 7 6

0 15 0

0 15 0

1 1 0

1 11 6

1 I 0

12 0 ... 1 5 0

17 6 ... 1 10 0

2 0 ... 3 3 0

2 0 ... 5 S 0

12 6 ...10 10 0

4 0 ... 8 8 0

8 0 ...10 10 0

7 6 ... 0 10 0

0 10

0 5

6 ... 0 15 0

6 to 0 10 0



2 ELEOTEIOAL APPAHATTJS.

Brass Sphere, on insulated stand, 3i inches diameter Fig. 15

Brass Cylinder and 2 Disks, all on insulated stands, for

explaining the theory of Induction . • Fig. 1"

Pair of Wood Hemispheres, on insulated stands, for experi-

ments on Induction . . . • ^ig- 1^

Volta'8Electrophorus,for ohtainingthe Electric Spark Fig. 20

Biot's Apparatus to demonstrate the distribution of Electri-

city, and proving that it resides on the surface only Fig. 27

Another Modification . . . • Fig. 28

Franklin's Metallic Cup, on insulated stand, for siinilar

purpose . . • • • . t'lg* ^

Muslin Bag, on stand, for above . . • Fig. 30

Another Modification .... Fig. 31

A pair of Metallic Disks, 6 inches diameter, on insulated

stands, to illustrate the principle of the Condenser Ing. 6L

Electric Condenser, consisting of two circular brass plates, one

being insulated, the other attached to a jointed brass pillar.

The insulated plate being connected with the cap of an

Electroscope, on the removal of the uninsulated one, very

minute quantities of Electricity are rendered visible

Volta Electric Condenser .... Fig. 33

Gold-leaf Electroscope, mounted with Condenser Fig. 34

Peclet's Electric Condenser, a very delicate instrument Fig. 35

Cavallo's Multiplier .... Fig. 36

Cylinder Electric Machines. These consist of a Glass

Cylinder, mounted in a mahogany frame, with brass

conductor and clamp :—
Size of cylinder 6 in. by 4 in. . . ifig. iJ/

7 „ 5

9 „ 6

12 „ 9

14 „ 10

Plate Electric Machines, mounted in a mahogany frame, brass

conductor, handle, and clamp, complete, of the most im-

proved construction :

—

Size of plate 9 in. diameter. In wood case

12 „ »

15 1, )>

18 „ ».

24 „ „
,

30 „ M
36 „ J'

Larger machines made to order.

Woodward's Improved Plate Electric Machines :

12 in. .

15 „ .

18 „
24 „

Mounted with a double plate, forming a very powerful ma-

chine :

—

12 in. .

15 „
18 „ .

24

£ B. d.

0 U U to

£ 8. d.

0 15 0

1 10 0 ... 2 2 0

0 10 0 ...

0 10 6 ...

2 2 0 ...

1 10...

1 1 0...

0 12 0 ...

0 12 0 ...

Fig. 38

1 1 0

2 2 0

3 3 0

1 10 0

1 11 6

1 1 0

1 1 0

1 10 0 ... 2 2 0

Fig. 39

110..
15 0..

1 11 6 .,

8 8 0..

3 3 0

3 3 0

, 2 12 6

,10 10 0

1 5 0

1 10 0

2 5 0

5 5 0

6 16 6

3 3 0

5 5 0

7 7 0

9 9 0

12 12 0

17 17 0

25 0 0

6 6 0

8 8 0

10 10 0

14 14 0

9 9 0

12 12 0

18 18 0

23 0 0

.. 1 10 0

..220

..330

..880

..10 10 0

..440
.. 6 10 0

.. ^ 9 0

..12 12 0

..15 15 0

,..21 0 0

,..30 0 0

.770

.990

.12 12 0

.16 16 0

.11 11 0

.15 15 0

.21 0 •

.25 0 0



EliECTBIOAL APPiLBATTIS. 3

Sir William Snow Harris's Electric Plate Machines, on maho-

gany open frames, with Positive and Negative Conductors:—
^ ^ 18in

2 feet .

3 „
4 „ . . . •

•

Hydro-Electric Machines, consisting of a ^vrought-iron boiler,

mounted on a carriage, with glass supports, detached con-

ductor, &c., complete :

—

No. 1

.

2
3
4

Glass Globe, on mahogany stand, mounted with stop-cock,

brass caps and sliding wire, in air-tight collar of leathers,

for experiments with the Electric spark in condensed air

and in vacuo, &c. . . . • Fig. 43

Carved Head with Hair, to illustrate attraction and repulsion

Fig. 45

Luminous Words formed on Glass by means of small spangles

of tinfoil. On presenting the brass knob to the conductor

of the machine, while a communication is made with the

ground, the word is seen brilliantly illuminated . Fig. 46

Various devices are formed in this manner, as birds, stars, &c.

Painted Glass Plane, on stand, composed of different colours

on which are formed figures as above, and when illuminated

give a very beautiful effect . . . • •

Hand-Spiral or Luminous Tube. This consists of two tubes,

one inside the other ; on the inner one are fixed the span-

gles, or small disks of tinfoil, in a spiral form, the extremi-

ties being mounted with brass balls. The effect produced

is very pleasing

Barker's Revolving Spotted Tube, producing_a still finer

effect, motion being produced by the dispersion of Electricity

liom the five points * . . . • Fig. 47

Five Glass Tubes, of different colours, with circular disks of

tinfoil, mounted on a mahogany stand. In the centre is a

revolving brass arm, which transmits electricity to each tube

in succession, producing a very fine effect .

Coloured Glass and Paper Plumes, to exhibit the repulsive

action of similar electrified bodies....
Insulated Stool, or Mahogany Stool on glass legs . Fig. 48

12 inches square .....
15

18

Apparatus for Firing Spirits of Wine by means of sparks from

the Electric machine .... Fig. 49

Sturgeon's Apparatus for Firing Gunpowder, &c ,
by the

Electric spark ..... Fig. 83

Set of Three Bells, suspended on a brass rod or wire from

the conductor of the machine, the centre one being in

connexion with the ground. The attraction and repulsion

is very well shown by the ringing of the bells . Fig. 50

Set of Five Bells on circular stand, four being insulated, and
the fifth in connexion with the ground

£ 8. d. £ s. d.

18 18 0 to21 0 0

22 0 0 . .25 0 0

45 0 0,. .50 0 0

75 0 u . 0 0

14 0 Au .
17..14 0 0

20 0 0 . ..25 6 0

45 0 0 . ..50 0 0

75 0 0 100 0 0

\

1
T 111 6 . .. 2 o u

0 . 3 6 . .. 0 5 6

0 7 6 . .. 1 1 0

0 7 6 . .. 1 1 0

0 12 6 ... 1 10 0

0 3 6 ... 0 7 6

0 12 6 ... 0 15 0

1 10 6 . 1 15 0

0 2 0 .. 0 3 0

0 12 0 .. 0 15 0

0 17 6 .. 1 0 0

1 10 0 .. I 12 6

0 7 6 .. . 0 12 0

0 8 6 .. . 0 12 0

0 7

0 18

6 ... 0 10 0

0 ... 1 1 0



4 ELECTRICAL APPAEATUS.

Tlie Gamut, or set of Eight Bells, mounted on a circular

mahogany stand. In the centre is an electric fly, or whirl,

carrying a clapper, which successively strikes each bell

An admirable contrivance for illustrating Electrical Attraction

and Repulsion, It consists of a glass plate on an insulated

stand, round which is a flat brass ring, supported on small

glass pillars. On the under part of the glass are strips of

tinfoil, forming a broad margin and four radii, three or four

very light glass globes being placed on the plate. The
apparatus is connected as shown in the figure. The evolu-

tion of the balls is most striking and curious . Fig. 51

Electrical Orrery, or Planetarium. This little instrument

illustrates the current of air which accompanies the dis-,

charge of electricity from points . . . Fig. 52

Electrical Water Mill. This little model, made in cardboard,

is set in motion by directing a brass point, placed in the

prime conductor of the machine, against the uppermost

vane of the wheel .... Fig. 53

Pair of Circular Metallic Plates, the bottom one being on an

adjusting stand, the upper one suspended from the prime

conductor. Small figures of pith being placed between

them, attraction and repulsion is shown in a very amusing

manner . . . • • • Fig. 55

Pith Figures of Men and Women . . . Fig. 55

Small Pail or Bucket, showing the influence of a current of

Electricity on a stream of water . . . Fig. 50

Pith Ball Stand, or Glass, in which are placed some pith

balls, illustrating Electrical attraction and repulsion.

Glass Tumbler, on stand, for showing attraction or repulsion

by means of little pith balls . .
'

. Fig. 57

Pith Balls, per doz, ....
Electrical Spider. This being supported by a thread from

the conductor, the legs are attracted by a brass ball and

repulsed by a point ....
Electrical Swing. This little apparatus is dependent upon

Electric attraction and repulsion .
• . Fig. 58

See-saw. This is another electric toy to illustrate the same

law

Carved figures in cork, representing Neptune, a Mermaid, &c.

These being set to float in an insulated basin, and the water

electrified, are attracted by a metallic wire being presented

to them . . . . ...
Apparatus for the ignition of phosphorus by the action of a

current of Electricity on the flame of a candle . Fig. 59

.Exhausted tube for showing the resistance which the presence

of the atmospheric air offers to the transmission of Electricity,

When partially exhausted the fluid passes in the form of a

beautiful blue light closely resembling the Aurora

Borealis . . : • • Fig. 54

Luminous or Exhausting Flask, with screw and valve, for show-

ing the same phenomena ....
Glass Bell Receiver, mounted with brass cap and a light sliding

rod. Brass plate on foot with stop-cock for experiment

with Electric light .... Fig. 60

£ E. d.

1 15 0 to 2 2 0

1 10 0 ... 3 3 0

0 7 6 ... 0 10 6

0 15 0 ... 1 1 0

10

1

G

0

0 15 0

1

2

0

6

0 5 0 ... 0 7 6

0 4 0 ... 0 7 6

0 6 6 ... 0 8 6

0 1 0 ... 0 1 6

0 12 0 ... 0 15 0

1 1 0

0 6 0 ... 0 7 6

0 15 0 ... 1 1 0

0 15 0 ... 3 3 0

0 8 6 ... 0 12

2 2 0 ... 3 3 0



ELEOTBTCAIi APPARATUS.

Brass syringes for exhausting tubes and flasks

Electrical or Leyden Jars, with mahogany covers and coated

with tinfoil:— . . . • Fig- 60

\ pint

1
11

1 quart

3 pints

2 quarts

1 gallon

Medical Electric Jars so arranged as to retain the charge for a

considerable period.... Fig. 67

Levden jars mounted on the plans of Barker, Lockey, and

Harris .... Figs. 68. 69. 70

Fig. 81

of

79

je B. (1. £, 8. d.

0 7 6 to 0 15 0

Spotted or Diamond jars . . .

Two Leyden Jars mounted for illustrating the theory

Franklin . . • • Fig

Leyden Jars mounted as shown in . . Fig. 80

Leyden Jar with moveable coatings for illustrating the fact

that Electricity resides only on the surface of the glass

Faraday's Electric Jar with wire-gauze mountmg, for illustrat-

ing the action of the Leyden phial .

Electrical Sportsman.—This popular experiment consists of a

carved figure which is fixed on to the same board with a

Leyden jar ; from the latter proceed two wires in opposite

directions and of different lengths. The longer and most

distant carries two small pith burds supported by two threads,

and the shorter wire is terminated with' a small ball touch-

ing the muzzle of the sportsman's gun. On charging the

jar the birds rise, and on the discharge they drop as if shot

Electric Batteries, consisting of a combination of glass jars

mounted with brass balls and wires, in mahogany tray Fig. 76

Electric Batteries mounted on the plan of Sk Wm. Snow

Harris ..... Fig. 77

Magic Picture for giving slight shocks. It consists of a pane

of glass coated with tin-foil and acts the same as a Leyden

jar .

Discharging Rod with insulated glass handle . Fig. 91

Superior jointed, ditto ....
Electric Directors with glass handles, useful for medical

purposes . . . . . .
•

Director for administering Electricity to the eye

Director for administring Electricity to the ear

Luminous Discharging E,od consisting of a bent tube mounted
with handle in the centre and brass ball at each end, these

latter are connected by means of a rusty iron chain
;

when discharging a Leyden jar it becomes beautifully

illuminated .

Cuthbertson's Universal Discharger, the forces being estimated

by grain weights .... Fig. 74

Henley's Universal Discharger, for passing the shocks through

various objects, deflagrating metals, &c., &c. Fig. 75

Leyden .Jar mounted with brass plate and small cannon Fig. 85

0 4 6,
0 6 0

0 7 6

0 8 6

0 10 0

0 15 0

1 1 0

0 5 6

0 7 6
0 9 0

0 10 0

0 12 0

0 17 0
1 4 0

0 7 6 0 10 6

0 7 6 ... 1 1 0

0 6 0 ... 1 1 0

0 10 6

0 12 0

0 12 0 .

0 14 0 .

. 0 18 0

. 0 18 0

.110-

0 18 0 ... 1 11 6

1 1 0 ...10 10 0

2 2 0 ...20 0 0

0 7 6 ... 0 10 0

0 2 6 ... 0 5 0

0 7 6 ... 0 15 0

0 3 6 ... 0 .5 0

0 2 6 ... 0 5 6

0 3 6 ... 0 5 6

0 7 6 ... 0 12 0

2 2 0 ... 2 12 0

1 1 0 ... 1 11 0

0 15 0 ... 1 1 0



6 ELECTBIOAL APPAEATUS.

Two Leyden Jars mounted as shown . . Fig- 86

Kinnersley's apparatus for showing the rarefaction which takes

place in air when an Electric spark passes through it Fig. 88

Small Jars, mounted _with valve, to exhibit the Leyden

vacuum ..... Fig. 89

Long glass tube, mounted on foot, to exhibit what is popularly

known as the Falling Star ....
Mahogany Model called the Lightning House, showing the

importance of lightning conductors . . Fig. 90

Brass Cannon mounted on brass carriage, to be charged with

oxygen and hydrogen gas, and fired by the Electric dis-

charge Fig. 91

Brass Cannon on wood carriage

Electric Pistol to be charged and fired similar to the cannon

Brass Electric Cannon to fire gunpowder .
Fig. 91

Electric Mortar or Bomb, made in hard wood or ivory and

charged with fulminating silver

Electric Fire House. In the inside of this little model of a

house is place a small portion of cotton wool saturated with

spirits of wine—on discharging through it a Leyden jar it is

set on fire . . . . • •

Professor

wires

Hare's Apparatus for deflagrating metallic

Fig. 92

Richman's Arrangement to show the quality of the two Electri-

cities on the inner and outer surfaces of the Leyden

jar

Sir Wm. Snow Harris's Electro Thermometer . Fig. 94

Sir Wm, Snow Harris's Discharging Electrometer Fig. 95

Harris's Unit Jar Electrometer, for measuring the quantity of

Electricity conveyed into a battery or large Leyden

jar Figs. 96, 97

Faraday's Induction Apparatus . . Fig. 98

Cards mounted with gold-leaf to prove that an Electric explo-

sion will not leave a good conductor to fall upon bodies out

of that line . . • • ^igs. 102, 103

Electric Exploring Conductors and apparatus for studying

atmospheric Electricity, made to order .
Fig. 110

Noad's String Box mounted with a Lane's discharger for ex-

periments with the Electric kite . • Fig. 113

Electric ffite String having a metallic wire worked into it

£ s. d. £ B. d.

0 12 0 to 1 i 0

1 1 0 ... 1 10 0

0 7 6 ... 0 10 0

0 12 0 ... 2 2 0

0 18 0... 1 1 0

Volta's Atmospheric Electrometer

Spark Measurer

Fig. 114

Fis. 115

Gold-leaf Electroscope as used at the Kew Observatory Fig. 1 16

The " Distinguisher," as used also at the Kew Observatory

Fig. 117

The Induction Electrometer of M. Peltier.

Lightning Conductors made and fixed on the most approved

principles.

Cavallo Pith Ball Electroscope, used for experiments on

Atmospheric Electricity . . • •

0 17 0 ..

0 10 6 ..

0 7 6..

0 5 6..

.110

.110
0 10 0

0 10 0

0 5 0 ... 0 7 6

0 13 0 ... 0 18 0

1 1 0 ... 1 10 0

1 11 6 ... 2 2 0

1 11 6 ... 2 2 0

1 5 0 ... 1 10 0

1 1 0 ... 2 2 0

0 2 0 ... 0 2 6

2 2 0 ... 3 3 0

3 3 0 ... 4 4 0

2 2 0 ... 3 3 0

2 2 0 ... 3 3 0
3 3 0 ... 4 4 0

0 12 0 . . 0 15 0



GAIiTANIO APPAKATUS.

Thunder House, being a mahogany model to explain the use

of lightning conductors . . • •
J- S-

Mahogany Model of an Obelisk, to illustrate the same thing .

SmairModel, to illustrate the use of conductors as appHecU
J

ships . • • • ' • 'fe*

Apparatus to illustrate the fact that pointed bodies discharge

the electricity of the clouds without attracting tbem^.^

Atmospheric Electric Warning Bell. An open mahogany

franie represents the roof of a house, through which passes

an insulated lightning rod ; one of the two bells communi-

cates with the floor, the other with the rod ;
a thread ot

silk sustains the clapper, which rings the bell when the

thunder cloud passes over the rod. (A large machine may

be made to represent the real cloud)

Models to show Sir Wm. Snow Harris's plan of applying

lightning conductors to ships.

The following materials, parts, ijortions, <&c., of appa-

ratus are required for matters of experiment

:

—
Brass Chain, per doz. yards ...
Brass Electric Balls, with similar screw-hole for attaching to

wire

—

i
/3

3
i f 1 li u ll

/3 /3 /6 ./9 1/ 1/S 2/6

Brass Wire, taped, with screw to fit the balls—

6 9 12 inches long

/4 /6 /9

Tinfoil

2 inches diameter

per lb.

per box

per lb.

each

14 by 10

14/ each

& B.

0 7

0 10

d. £, s.

6 to 0 12

0 150

0 3 0

Superior Amalgam for Electric Machines .

- Brass Conductors for small Electric Machines.

Glass Solid Rod . . . •

Glass Stool Feet . . . •

Glass Handles for Discharging Rods

Glass Cylinders for Electric Machines

—

6 by 4 7 by 5 9 by 6 12 by 9

2/6 4/ 6/ 10/

Circular Glass Plates, with hole drilled in centre for fitting

up Plate Electric Machines

—

9 12 15 18 24 30 inches

6/ 12/ 21/ 30/ 60/ 100/ each

Plain Glass .Tars, for coating with tinfoil

—

I pint 1 pint 1^ pint 1 quart 3 pints 1 gallon

1/ 1/6 1/9 2/ 3/ 4/G each

GALVANIC APPAEATTJS AND MATERIALS.

Pair of Platina and Zinc Plates, to illustrate the formation of

a galvanic circuit . . . • F'g- 130

Simple Galvanic Arrangement, consisting of a cylinder of

zinc and double cylinder of copper, which holds the dilute

sulphuric acid ..... F'g> l-^^

6

0

6

6

0

2

•/

A

0

0

2 2 0 ... 4 4 0

1 1 0 ... 2 2 0

1 15 0 ... 2 2 0

0 2

0 10

0

0

6

6

0 12 0 ... 1 10 0

0 10 6 to 1 1 0

T



8 aALVANIC APPABA.TTS.

Volta's Galvanic Pile, consisting of one hundred pairs of zinc

and copper disks 2 in. diameter, supported between three

mahogany pillars, on stand . . . Fig. 135

De Luc's Electric Column .... Fig. 136

Electroscope, with moveable leaves . . . Fig. 137

Faraday's Apparatus for showing the Phenomena of an Elec-

tric Current independent of the contact of dissimilar

metals

Pairs of round Zinc and Copper Plates, soldered together,

two inches diameter, to form with moistened cloth the pile

of Volta, per dozen • . • •

Silver and Zinc Wires soldered together in pairs for placing

in small glasses with dilute acid solution, forming the

" couronne des tasses" of M. Volta, per dozen .

Zinc and Copper Cylinders in Glass Jars to form a Water

Battery, properly insulated and arranged, per 100, from

Mica Battery . . • • • Fig. 138

Galvanic Arrangement or Battery, termed Cruikshank's, con-

sisting of a series of copper and zinc plates soldered toge-

ther, and cemented into a mahogany trough. Chiefly used

for medical purposes.

With 50 pair of plates, If inch

>3

»
»

100

150
200
50
50
50 44

»

Dr. Wollaston's Arrangement, consisting of twelve pair of

4-inch plates in porcelain trough... •

Dr. Hare's Arrangement

Van Melsen's Battery

Professor Daniell's Constant Battery :

—

Fig. 144

Fig. 146

1 Cell, 6 inches high

1 „ 12 „ '

1 „ 18
.

.
.

A Set of six, 6 inches, m mahogany frame

12 „
^

18 ,, )>

Fig. 151

Fig. 152

Smee's Chemico-Mechanical Batteries, consisting only of zinc

and platinized silver plates in porcelain jar, requiring only one

fluid—viz., dilute salphuric acid. This battery, though not

80 powerful as Grove's, Bunsen's, or Callan's, possesses the

great advantage of simplicity . . . Fig. 154

The Platinized Silver Plate . . 2 by 4 inches .

„ „ . . . 3 by 5 „ .

. 3^ by 51 „ .

These batteries are well suited for electrotyping purposes.

A series of six pair, (size of Platinized Silver Plates 3 in. by 5)

in gutta percha or glass cells, the whole of the plates being

raised from or immersed into the cells by means of a wind-

lass. Well adapted for the lecture table . . Fig. 155

Set of Ten, well adapted for blasting

£ B. A. £ 8. d.

1 10 0 to 2 2 0

1 11 6 ... 3 3 0

1 11 6 ... 2 2 0

0 10 6 0 15 0

0 5 0

0 6 0

2 10 0

1 8 0

2 15 0

4 4*0
5 5 0

1 16 0

2 10 0

3 10 0

2 12 6

0 6 6

0 12 0

0 17 6
2 10 0
4 4 0

6 6 0

0 8 6
0 10 6
0 14 6

4 14 6

7 7 0



GALVANIC APPARATUS.

Grove's powerful Galvanic Batteries, in glass cells and ma-

hogany tray. Size of Phitina Plates. 6 by i.

Set of 3 „

J, * w
fi • • • •

Set of 10 pair, in glass cells and wood tray. .

10 sets of the above, making 100 pair of plates, and consti-

tiiting a most powerful battery, exhibits the Electric light

in a very satisfactory manner.

Improved Carbon, or Bunsen's Battery . . Fig. 161

A single element, consisting of a carbon cylinder, porous pot,

and zinc plate in glass jar . . .

Series of 10 elements

„ 20 „ . . . ^ •

The Callan, or Manooth Battery. This form of battery con-

sists of a cast-iron cell, in which is a porous pOt containing

the zinc plate. The cast-iron cell is charged with nitric

acid, and the porous one with dilute sulphuric. This forms

an economical battery, of about the same power as Grove's.

A single cell " . . • •
.

•

A series of 10, in strong wood tray . . 4 m. sq.

A single cell . . • • .
•

A series of 10, in strong wood tray . 8 in. sq.

Dr. Leeson's Improved Battery, consisting of 10 pair of

copper and zinc plates, arranged in a mahogany trough

Grove's Gas Battery . . ... Fig. 165

Set of four elements arranged in series .

Set of six .

Grove's Gas Battery ....
Single Element......
Wheatstone's Rheostat, an instrument for measuring and

regulating the resistance offered to the Electric current by-

passing through various lengths of wire :

—

For great resistances . ^ . . Fig,

For small resistances . . . Fig.

Wheatstone's Series of Resistance Coils for measuring the re-

sistance of long telegraph wires, or imperfectly conducting

liquids . . . . . -

De la Rue's Discharger for readily submitting different char-

coal points and metals to the influence of the galvanic

battery ..... Fig. 173

Arrangement to show the heating effects of the galvanic cur-

rent, consisting of a spiral platina wire in a glass tube Fig. 174

, Contrivance by which different lengths of the same platina wire

may be submitted to the galvanic current inclosed in a glass

tube . ' .

Apparatus consisting of a glass globe mounted with stop-cock

and sliding forceps for showing the Electric light in

vacuo ..... Fig. 176

Duboscq's Electric Lamp, a contrivance for regulating and

keeping constant the Electric light produced by the charcoal

points.

Deleuil's Modification as shown in . . Fig. 177, 178

Oersted's Apparatus for showing the deflection of the magnetic

needle by a copper wire transmitting an Electric current

round it . . ... Fig. 184

9

£ B. d.

3
4

6

10

3
4
6

10

Fig. 169

170

171

6

0
0

6

3
8
14

3 10 0

4

6

2 2 0

13

8

to 4

...10

14
10

2 2 0 ... 5 5 0

2 2 0 ... 3 3 0

0 12 0 ... 1 10 0

1 5 0 ... 2 2 0

1 17 6 ... 3 3 0

0 10 6 ... 1 I 0



10 GALVANIC APPAEATUS.

Improved form so arranged that the wire transmitting the

Electric current may be carried in a parallel direction

entirely round a freely suspended magnetic needle .

Galvanometer consisting of a rectangular coil of insulated

copper wire, containing a magnetic needle suspended by a

point, mounted on a mahogany board

Torsion Galvanometer on the principle first described by Dr.

Ritchie . . . . . Fig. 185

Improved Torsion Galvanometer with astatic needle as recom-

mended by Professors Gumming and Nobili. Divided metal

ring, mounted on a mahogany board, with levelling screws

and glass shade . . . . •

A more delicate instrument on brass stand, with moveable coil

of very fine wire, adjusting screws, divided circle, and glass

shade Fig. 186

The Sine Galvanometer for the determination of the intensity

of strong Electric currents . . . Fig. 187

Tangent Galvanometer . . . Fig. 188

Cumming's Gold-leaf Galvanometer. It consists a slip ofgold-

leaf enclosed within a glass tube, the gold-leaf forming part

of the circuit is attracted or repelled by the poles of a

magnet

Sturgeon's Gold-leaf Galvanometer and dry Electric

pile...... page 335

Iremonger's Hydrostatic Galvanometer . page 335

Apparatus for the decomposition of water by the galvanic

battery :—with 1 tube . . . Fig. 193

„ with 2 tubes ....
Apparatus for'decomposition of neutral salts . Fig. 191

Ditto, with two glass tubes . . . Fig. 195

Faraday's Rectangular Glass Trough, or cell for exhibiting

Electro-chemical decompositions . . Fig. 1 96

Sir H. Davy's Apparatus for the Electro-reduction of the

alkaline metals .....
Golding Birds arrangement for obtaining amalgams of the

alkaline metals, with a galvanic current of a single pair

of plates Fig. 197

Faraday's apparatus to illustrate the fact that water may act

as a pole in a galvanic circuit proved by the decomposition

of sulphate of magnesia . . • Fig. 198

Faraday's Volta-Measurers for measuring the quantity of Elec-

tricity passing through it. This is only adapted for feeble

Electric forces .... Fig. 207

Faraday's Volta Electrometer, with larger Electrodes for decom-

position ofwater by a more powerful galvanic current Fig. 202

Pair of Platina Disks or Plates on insulated columns for the

decomposition of the alkalias by galvanism Fig. 200

Apparatus for obtaining by the aid of the galvanic fluid sul-

pher, sulphate of baryta, &c., in a crystalline state .

Daniell's Apparatus for experiments on the Electrolysis of

secondary compounds . • • ^'S- 210

£ B. A. jB 8. d.

1 1 0 to 1 11 6

0 10 6 ... 1 1 0

0 12 OJ... 1 1 0

2 2 0 ... 4 4 0

5 5 0 ... 8 8 0

5 0 0 ... 7 0 0

7 7 0 ...15 15 0

1 11 6 ... 2 2 0

0 12 0

0 14 0 ,

0 5 0

0 7 6

0 10 0

1 1 0

1 1 0

1 11 6

0 10 6

0 10 0

0 15 0

1 10 0

0 14 0 ... 1 1 0

0 12 0 ... 0 18 0

1 1 0 ... 1 10 0

1 10 0 ... 5 0 0

J 10 0 ... 2 10 0



ELEOTBOTTPE APPA.BA.TITS.

ELECTRO-METALLURGY OR ELECTROTYPE.

Electro-Metallurgy, or Electrotype, being the art of deposit-

ing from their solutions various metals, as gold, silver,

copper, &c., in the metallic form.

Single cell apparatus in porcelain or glass jar . Fig. 211

Apparatus in mahogany trough requiring neither acid or

Fie. 21omercury . . • • • x ig. *

Battery Apparatus ... • • ^'S- 212

Smee's Single Cell batteries of a form expressly adapted for

Electrotype operation :

—

No. 1. size of Platinized silver plate 4 by 2

2. „ 5 by 3

4. „ „ 6 by 4

11

£ 8. d. £ B. d.

Large Compound Acid Battery, the zinc plates being 10 in. by

6, surrounded by copper in stone-ware cells and vrood frame.

A series of four . . . • •

Decomposing Troughs . • • Fig. 212

Made in ash properly cemented inside.

5 inchfcs long by 4^ inches deep . . .

8 „ 6 „ . . .

12 „ 10 „ . . .

18 12 „ . •

Large sizes to order.

Decomposing Troughs made in mahogany, with more finished

mountings
9 inches by 6 inches

12 „ 10 „

Electrotype Apparatus in which neither acid or mercury is

used (pure zinc, sulphate of copper, and muriate of am-

monia being the materials employed) . Fig. 213

Horizontal Decomposing Trough for taking off and copying

copper-plates. By this arrangement furrows on the surface

ot the newly formed plate are more readily prevented.

Size 10 by 8 . . . . Fig. 214

Larger sizes to order.

Apparatus for producing six Electrotypes at the same
time ..... Fig. 215

APPARATUS FOR ELECTRO GILDING AND
SILVERING.

Single Cell Apparatu. consisting of a square porcelain or glass

cell, porous pot, and zinc plate

(The best form of Apparatus for gilding or silvering is the bat-

ery and decomposing cell similar to Fig. 212. The trough

being made in glass or stone-ware, and the battery consist-

ing of a series of plates in place of a single pair.)

0 3 6 to 0 10 6

0 12 0

0 8 6

0 10 6

0 14 6

0 17 6

5 5 0

0 7 0

0 10 0

0 14 0

1 0 0

0 15 0
1 1 0

0 12 0

10 0

1 1 0

0 3 6 to 0 10 0



12 EJ/ECTROTYPE APPAEATUS.

Glass Decomposing Troughs with metal bars and binding screws
to support the plate of gold or silver and also the articles to

be coated.

Large sizes for manufacturing purposes made in stone-ware to
order.

BATTERIES FOE ELECTRO-GILDING
SILVERING.

OR

(For small operations either Smee's or Daniell's arrangements
are the best, but for manufacturing purposes larger plates

of copper and zinc are used, see Compound Acid Battery.

In place of the galvanic battery the Electro-Magneto machine
is now much |used. One mounted for this purpose with a

1 2 inch Compound Magnet of 6 bars

Gassiot's apparatus for producing Nobili's coloured rings by the

decomposition of acetate of lead on a polished steel plate.

SUNDRY MATERIALS FOR CARRYING ON
GALVANIC OR ELECTROTYPE EXPERI-
MENTS.

Porous Cells of superior quality :

—

8. (1. £ B. d.

Size

Bound.

24 by 14
34 by 14

44 by 2

6 by 2

9 by 2

12 by 2

18 by 2

d.

4
5

..0 6

..0 9

Flat.

34 by 2

44 by 4

54 by 34
4 by 4

^ wide
7 by 7

12 by 12

d.

6

10

0

1 0

eachBinding Screws of various forms.

Brush for applying plumbago to moulds

Brush for bronzing electrotypes ....
Scratch Brush for cleaning articles to be gilded or plated.

Copper Sheet . . . . . per lb.

Copper Wire . . . . . • >.

Copper Wire, covered with either cotton or silk in a very

superior manner, the perfect insulation of which may be

depended on. For electro-magnetic experiments, construc-

tion of coils, and telegraphic instruments. Other sizes can

be had, but the following are those generally in stock

Covered with Cotton. Covered with Silk.

12 . per lb

14

16
18
20
22 »
24
26 »
28
30 »
32
35 »

2 6

2 6

2 6 7 0

2 6 7 6

2 10 8 0

3 0

4 0 10 6

4 6

5 0

6 0 13 6

7 0 15 0

11 0 19 0

0 10 0 to 1 1 0

10 10 0 ...15 0 0

0 10 6

0 »1

6

0

0

0

8

8

0 2 0



ELBCTEOTTPE APPAEATUS.

Copper, Sulphate

Clichee Metal, for mould8

Carbon Bisulphuret .

Muriatic Acid

Nitric Acid

Sulphuric Acid

battery.

Gold, pure Sheet and Wire .

Gold Oxide, in bottles.

Gold Cyanide Solution

Platina, Sheet and Wire

Platina Foil . . . •

Potassium Cyanide

Potash, Yellow Prussiate

Phosphorus ....
Phosporus Solution in Sulphuret of Carbon

Plumbago ....
Gutta Percha, for making moulds

Silver, pure Sheet and Wire .

Silver Cyanide Solution

Silver Oxide, in bottles, 3s, Gd. and 6s. 6rf.

Stearine ....
Wax, White or Virgin - .

Zinc, Commercial

Zinc, Pure .

Zinc, cast in Eods or Plates .

Zinc, Sheet, cut in Plates

Improved Moulds for Electrotyping, made of Clichee -Metal

and of Prepared Gutta Percha. These Moulds are so

perfect, that they produce Electrotypes equal in beauty and
perfection to the original medals.

The Mudie National Medals. A grand series of Forty English

Medals, published by James Mudie, Esq., commemorating

the success and valour of the British arms in the Peninsula.

They consist of seventy moulds, some of the obverses being

duplicate :

—

In Clichee Metal, £5, or Is. 6d. each.

In Gutta Percha, £1 Is., or 4d. each.

Descriptive Catalogue of the series, Gd.

Dassier's Medals of the Kings and Queens of England, from

William I. to George II.

The set of 70 Moulds in Gutta Percha .

Moulds in Clichee Metal . . . each

Moulds in Gutta Percha . . . „

s. d. £
. per lb. 0 0 8

0 3 6

' » 0 3 0

>j
0 1 0

jj

r\
u

1
I 0

• J,
0 0 3

galvanic 0 1 0 to 0

per dwt. 0 5 6

0 7 6 ... 1

per pint 0 16 0

. per oz. 1 10 0

• j>
1 12 0

. per lb. 0 3 6 to 0

})

0 2 0

. per oz. 0 0 6

• »
0 1 0

• 3J
0 0 6

. per lb. 0 3 0

. per oz. 0 8 0

per pint 0 10 0

. per oz. 0 7 0

. per lb. 0 2 0

• » 0 3 0

0 1 6

• » 0 1 6

>j 0 1 6

13

. d.

2 0

1 0

5 0

1 1 0

0 16
0 0 4



14 MEDICAL GALYANTC APPABATUS.

The Grand Series of 141 Medals struck at the National Mint

of Paris by order of Napoleon Boniiparte, commemorating
the most remarkable battles and events during his dynasty,

212 Moulds :

—

In Clichee Metal .....
In Gutta Percha .....

Cost of the single Moulds according to the diameter.

B. d.

A great variety of Clichee and Gutta Percha Moulds

interesting Medals, both English and Foreign :

—

from

1% inch diameter

If
2

H
3

H

Clichee Metal.

Is. 3d.
Gutta Perclia.

1

2
3
4
5

6
6
0

0

0

Os,

0

0

1

2

4d.

6
9
0

0

Knight's Preparation for Bronzing Electrotype Medals. This

being applied in the form of a powder, instead of a liquid,

as is usually the case, does not injure or clog in the slightest

degree the sharpness of the fthest line. In bottles, •with

directions for use ......

10
5

APPARATUS FOR MEDICAL PURPOSES.

Knight's Arrangement of the Medical Coil Machine. It

consists of a horizontal primary and secondary coil, above

which is a small vibratory armature. With- battery, medical

directors, &c., the whole enclosed in a very neat and portable

mahogany case, with lock and key....
More powerful Apparatus, on a similar construction, with two

batteries and water regulator, in handsome mahogany case.

Dr. Golding Bird's Electro-Magnetic Coil Machine .

The advantage offered by this arrangement of the Coil

Machine, is the having a secondary as well as a primary

coil, at the same time that the electric current passes in

one direction only. In all Electro-Magnetic Machines

•ftith vibrating armatures, used for medical purposes, the

current of electricity is not continuous in one direction,

but the same wire is alternately positive and negative.

This is readily proved by the galvanometer or by chemical

decomposition. On this account, therefore, however

useful the vibrating machine is when merely required as

a stimulant, it is likely to fail in its effects when brought

into use in many forms of paralysis, in consequence of

the operator not being able to transmit the
_

positive

current in the direction of the nervous ramifications.

In mahogany case, with conductors .

Noad's Medico-Electro-Dynamic Coil Machine, constructed

with the object of regulating to the greatest nicety, not

only the strength, but also the frequency in the direction of

the shocks. (See detailed description, to be had of the

publishers.)

Magneto-Electric Machines for Medical Purposes

(See Magneto-Electric Apparatus.)

10

0

0 2 0

3 13 6

7 17 0

4 4 0

10 10 0

5 5 0tol2 0 0



THEBMO-EL"EOTIIIO APPAEATUS.

MEDICAL DIRECTORS.

Plain Sponge Directors . • • •
*

Directors for applying the Current to any particular part, such

as the ear, teeth, nerves, &c. • • •
•

Directors for applying the Current to various parts of the

body

Dr. Radford's Uterine Director .

.
"

.

THERMO-ELECTRIC APPARATUS,

Seebech's Rectangular Frame of Bismuth and Antimony,

inclosing a magnetic needle on a centre, which is deflected

on the application of heat . • . iig.

Pouillet's Arrangement, consisting of a short cylindrical bar

of bismuth, with conducting wires for completing the elec-

tric current in either direction . . • -c ig-

Thermo-Apparatus, consisting of a frame, the upper part

composed of copper, the lower of bismuth, with a magnetic

needle on centre, which is deflected on the apphcation ot

heat

Thermo-Rotating Rectangular Frames, composed of platina

and silver-wire, mounted on a horse-shoe magnet, with brass

foot and lamp, the flame of which causes the f^mes to

1 . Fig. 236
revolve . . • • • • e>

Melloni's Thermo-Electric Battery, consisting of a series of

small bars of antimony and bismuth soldered alternately

together, mounted on stand, with binding screws Fig. 2d»

Melloni's Thermo-Electric Apparatus, for his experiments on

the radiant heat of various bodies, their power of emitting

and absorbing it, &c. . . • •

Lock's Thermo-Electric Battery, consisting of a series of bars

of antimony and bismuth fixed in a metallic cylinder,

leaving only the extremities of the bars exposed. The

instrument is put in action by placing it in a vessel of ice,

and then laying the hot iron plate on the top . Fig. 240

Professor Cumming's Stellar-Form Thermo-Electric Compo-

site Battery, composed of forty pairs of iron and copper

wires, formed in radial lines on a circular cardboard
' Fig. 241

Professor Dove's Composite Thermo Battery for constant

currents Fig. 242

Van der Voort's Thermo-Electric Battery, consisting of

eighteen pairs of antimony and bismuth united alternately

and fixed in a mahogany box by plaster of Paris. To use

it, the bottom is placed in a freezing mixture, and boiling

oil or water placed on the top . . • Fig. 243

Watkins's Thermo-Electric Pile, consisting of a number of

square antimony and bismuth plates alternately soldered

together and mounted in a frame, with the upper and lower

junctions of the metals exposed . . . Fig. 244

15

£ 8. d. £ B. d.

0 3 6 to 0 7 6

0 3 6 ... 0 10 0

0 3 6 ... 0 10 0

0 12 6

0 8 6 ... 0 12 6

0 15 0 ... 1 1 0

0 10 0 ... 1 1 0

1 1 0 ... 1 10 0

1 5 0 ... 1 11 6

10 0 0...30 0 0

3 3 0 ... 5 6 0

2 12 6 ... 3 3 0

4 4 0... 5 5 0

2 12 6 ... 3 3 0

4 4 0 ... 5 5 0

\



16 THEEMO-ELECTEIO A.PPAEATTJS.

Peltier's Thermo-Electric Hygrometer, consisting of a series

of slender bars of antimony and bismuth, arranged alter-

nately in the form of a crown, and united in pairs. A
platina disk containing water is placed on the top of the

compound wires, the evaporation of the water causes a

reduction of temperature, which develops the electric current,

shown by the deflection of a galvanometer . Fig. 245

jB e. d. £ B. d.

0 10 6 to 1 1 0

0
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