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101, Mentz, Treves, and Cologne, awd. the six

- secular, Bohemia, the palatinate of the Rhine
| ik Ea:nn}:, Brandenburg, Bavaria, and E[anﬂm’.

The dominions of the last elector palatine of the
Rhine, having devolved in December 1777 to
the elector of Bavaria, the electoral college was

in reduced to eight members, until the peace

Lumeville ; when the three ecclesipstical elec.
torates were secularised, the archbishop of Ratis-
hon introduced as a new elecior arch-chaneellor,
and the duke of Wirtemberg, the landgrave of
‘Hesse Cassel, the margrave of Baden, and the
grand duke of Tuseany, as duke of Saltzburg,
raised to the electoral dignity. This increased
the number of electors to ten, viz. the elector
arch-chancellor, Bohemin, Bavaria, Saxony,
Brandenburg, Hanover, Wirtemberg, Hesse Cas-
sel, Baden, and Saltzburg.

This arrangement was finally destroyed, as we
have seen (article D1ET), in the year 1806, when
the German empire was dissolved. Bavaria and
Wirtemberg, on joining the Confederation of the
Rhine, under the protection of the French empire,
assumed the m:,'aFdignit}'; Hanover was in pos-
session of the French ; Baden and Saltzburg took
the titles of grand dukes; the elector arch-
chancellor that of the prince primate of the Con-
federacy of the Ithine: and the year following
Saxony assumed the royal dignity; Hesse Caszel
was annexed to the new kingdom of Westphalia;
Bohemia as part of the dominions of Austria,
and Emmienl:urg as part of those of Prussia,
reverted to these two houses as independent
monarchical states. And thus the title of elector,
which for so long a series of years conferred a
rank equal to that of the old kings of Europe,
became finally extinct.

- The last electors of the German empire were,
1. Charles Theodore, baron Dahlberg, elector of
Ratisbon, and arch chancellor, now prince pri-
mate.. 2, Frederick William IIL, king of
Pmssia, elector of Brandenburg. 3. George
IIL., king of Great Britain, elector of Hanover.
4. Ferdinand Joseph, elector of Saltzburg, now
duke of Saltzburg. = 5. Frederick 1L, elector,
now king of Wirtemberg. 6. Charles Frederick,
elector, now grand duke of Baden. 7. William
IX., elector of Hesse Cassel, driven from his
dominions by the French. 8. Maximilian. Jo-
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ELEC'TRE, n.s. Gr, phekrpor
Eur'ernric, adj. 1

Evrectricar, having the quality when
Frecter'crax, n. 5. | warmed by friction of
Evecrer'oiry,

_ attracting bodies, gave
ELe'crrIry, v. a.

_ | to one species of attrac-
Eve'eTtrise, v.a. | tion the name of elee-
Erecteo'MeTER, 0. 5. | tricity, and to the bodies
that 50 attract the epithet electric; which also
means produced by an electric body; and me-
taphorically, rapid; powerful. con  uses
electre for a metallic compound.  An electrician
is he who is shilled in electricity. . To eleetrify,
electirumn and fiv, w render electric, or apply elec-
tricity, and to electrise, are used synonymously.
Electrometer, an instrument for ascertaining the
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' W of the three ecdlesiastical elec- seph

; Latin, *
electrum, amber, which,

0.0 0

, elector, at present king of Bavaria. 9.
Frederick Augustus IV, eleetor, at present king
of Saxony; and, 10. Franeis® I1., elector. of
Bohemia, alterwards emperor of Austria.
The.electors besides the power of electing
an emperor, had a right to capitulate with the
néw head of the empire, to dictate the condi-
tions on which he was to reign and to depose
him if he broke those conditions. They actually
deposed Adolphus of Nassau, in 1208, and Wen-
ceslaus in 1401. They were sovereign and inde-
ndent princes in their respective dominions,
ad the ¢ privilegium de non appellando illimi-
tatum, that of making war, coining, and exer-
cising every act of sovereignty. They formed a
separate college in the diet of the empire, and
had among themselves a particular covenant, or
league, called the ¢ Kur verein.' They had pre-
cedence of all the other princes of the empire,
even of cardinals, and ranked with kings. ﬂm
wits, however, a difference between the secular
and ecclesiastical electors ; none of the latter
could he chosen emperor, and they were to be
thirty years of age before they could attain the
electoral dignity, whilst the majority of the se-
cular electors was fixed at eighteen years of age,
and any of them might be placed at the head
of the empire ; indeed they might even vote in
their own faver, The functions of the electors
were exercised by deputies.  The elector of
Mentz was arch-chancellor in Germany ; Treves,
in Gaul and the kingdom of Arles; Cologne, in
Italy ; Bohemia was arch-cupbearer; Bavaria,
arch-sewer, or officer who serves out the feasts ;
Saxony, arch-marshal ; Brandenburg, arch-cham-
berlain; Hanover, arch-treasurer. During the
vacancy of the imperial throne, the elector of
Saxouy used to be vicar of the empire in the
north, and the elector of Bavaria of the southern
circles. (n the demise of an emperor of Ger-
many, or a vacancy ensuing in the imperial
throne, the electors were summoned by the arch-
bishop of Mentz to meet (generally at Frank-
fort) within three months. One month was or-
dinarily allowed for their determination ; if it
was delayed longer they were, according to the
imperial constitution, to be fed on bread and
water until - they had made a choiee.  Both their
dress and functions are particularly described by
Du Cange.

resence and portion of electricity in any givem
¥.

Change silver plate or vessel into the componnd
stufl, being a kind of silver electre, and turn the rest
into eoin. Buaco,

If that atiraction were not rather electrical than mag-
netical, it was wondrous what Helmont delivercth
m:-r.-miu! a Elm, wherein the mﬁsiill}:qﬂf Lo -
stone was prepared, which retained an  atiractive
quality. Browne.

By electrick bodiea do I conceive not such only as
take up light bodies, in which number the ancients
only placed jet and amber ; but such as, conveniéntly
placed, attract all bodics palpabla. ey Qo

An eleetrich body ean by friction emit an exhalation
so subtile, and yet so porent, as by its cmission o
cause no sensible diminution of the weight of the oo,
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frich body, and to be expanded through a ephere,
whose diameter is above two feet, and yot to be able
to carry up lead, copper, oc leaf gold, at the distance
of above a feot from the elestrick body. Neuwton,
When I would observe the electricicy of the atmos-
phere with this jnstrament, I theasy the pin 1 into the
cork I, amd helding the od by its lower end A, pre-
ject it out of a window on the upper part of a house,
into the air ; raising the end of the rod with the e
fromngier, 0 as to make an angle of about fifty or sizty
degrees with the horizon. Carvalio,

Then mark how two efecieie streams conspire
To form the resinous and vitreous fire. Danem.
1f a metallic point be fixed on the prime conductor,
and thy lame of a candle be presented to it, om
aleetrising the conductor either with vitreous or resin-
ous echor, the flne of the candle is blown from the
point, which must be owing to the electric fluid in i
passagre from the point carrying along with it a stream
of atmospheric air. Id.
But now a bride anil mother—and now there !
How many ties did that stern moment tear
From thy Sire’s to his huomblest subject’s breast
Is linked the electrick chain of that despair,
Whose shock was as an carthquake’s, and opprest
Thy lnnd which loved thee so that none could love
thes best. Byren.
And the wild sparkle of his eye seemed canghi
From high, and lightened with aleciric mnﬂ]“jﬁ
1. The particular branch of science denomi-
nated electricity appears to have derived its
name from that of the first substance in which
any of its properties were discovered. This
was amber, the Greek name of which is yhsergpow,
evidently derived from 'Hegrwp, a name by
which Homer designates the Sun. It has been
said by some that the ancients, observing amber
to possess the property of attracting light sub-
stapces when rubbed, termed it electrum, and
that hence arose the word electricity. Those
who entertain this opinion, would derive the
name from the Greek verb fww to draw; but
this appears to us to be a very forced derivation,
since amber was doubtless called by the name
of electron, long before it was known to possess
the magnetic property of attraction. Perhaps it
was 80 called from itz bright and shining ap-
pearance. But, whatever may be the etgellmlug}r
of the term, it is now employed to designate
that science which investigates the attractions
and repulsions, the emissions of light, and ex-
losions, which are produced, not only by jthe
Fﬁﬂim: of vitreous, resinous, and metallic sur-
faces, but by the heating, cooling, evaporation,
and mutval conlact of a vast number of sub-
stances.
2, Itis rather remarkable that, although the
altractive energy of electricity has all the ap-
arance of being a very recent discovery, it
been said to be ©the first Ph}'sical fact re-
corded in the history of science.” The electrical
properties of amber were known and pointed
out upwards of 2000 years ago; but the subject
did not engage the attention of the learned till
the beginning of the seventeenth century.  This
was perhaps a fortunate circumstance, since it at
all events prevented the science from being
clouded or perverted by the ignorance of éarly
Tirmes.
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3. Dr. William Gilbert, of Colchester, appears
to have been the first person who essentially
contributed to the establishment of electricity as
a science. In the year 1600 he published his
work entitled De Magnete, wlhich contains
a number of experiments made with various
substances, possessing the Eupqrtimnf amber,
now termed electrics. Of Dr. Gilbert, Cavallo
says that he ought to be considered as the father
of electricity.

4. No further discoveries were made in this
science of any importance till the year 1670,
when the celebrated Mr, Boyle much enlarged
the list of electrics, and by experiment discovered
that their effects were much increased by warm-
ing and wiping them before the application of
friction, and that during the friction they emitred
faint Hashes of light; this appearance he: con-
gidered as an additional characteristic of the
electrical = S

5. Otto Guericke of Magdeburg, the inventor
of the air-pump, and a contemporary with M.
B::i;]e, confirmed the experiments of the latter,
and much enlarged the state of electrical know-
ledge. He constructed an a paratus n which
the electrie, a globe of sulphur, was made to
revolve on an axis; the Imurf was applied to it

as a rubber ; and by this contrivance, which was -

in principle the same as the most modern con-
struction of the electrical machine, he was en-
abled to obtain an accumulation of electricity far
beyond any thing that had been effected by his
predecessors.  This philosopher discovered also
the principle of electrical repulsion.

6. In the year 1709 appeared the first treatise
on electricity ; it was the production of Mr.
Hawksbee, who far e::cw.lenlp his predecessors in
the discoveries which he made. He was the
first who observed the electric power of rubbed
glass; the flashing light of an excited electric
had been observed by Boyle ; but, as Mr. Hawks-
bee by his glass globe could collect the electrie
matter in much greater quantities than had been
done before, he had the pleasure of beholding
the intensity of its Iight, and of ﬂhﬁb&ﬂ'ing thre
snapping noise D:F which its discharges are at-
tended. Some of the experiments made by Mr.
Hawkshee were very curious, and deserve mors
notice than has hitherto been taken of them.
Among others the following may be mentioned.
He lined more than one-half of a glass globe
with sealing-wax, and, having exhausied it of its
air, he put it in motion in an appropriate frame.
On applying his hand to it, for the purpose of
excitation, he was surprised to observe an exact
image of his hand on the concave surface of the
wax, as distinctly defined as if there had been
nothing but transparent glass between his eyve
and hiz hand, although the wax was in some
places an eighth of an inch in thickness. When
pitch was used instead of wax the effect was the
same. -

7. After this period the science of electricity
appears to have been for some time stationary,
from the discoveries of Sir Isaac Newton ab=
sorbing the attention of the public; but, soon
after the death of that distinguished individual,
it obtained renewed attention, and some verv
important discoveries were made in it by Mr.

Ll
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Stephen Grey, a pensioner of the Charter-house.
Wt:?h the date of this gentleman’s experiments
commenced the modern trinmph of electricity.
Directing his attention to the nature of electrical
phenomena, he endeavoured to exeite them in
all known bodies ; and, though in many cases he
was unsuccessful, he thus added considerably to
the eatalogue of electrics. Many substances, in
which no attractive power was excited by mb-
bing while in their natural state, became strongly
attractive if excited after being moderately
warmed, but lost this property as they became
cold. This fact, says Lll;:e lnte ingenious Mr.

Singer, clearly pointed out a relation between
the state of bodies and their power of evineing

electric appearances ; and the nature of this re-
lation was explained by Mr. Grey's subsequent
experiments. Every attempt to render metals
electric by friction or otherwise proved inef-
fectual in the hands of Mr. Grey, as well as in
those of his predecessors, when it occurred to
him that, as electrie light appeared to pass be-
tween excited bodies and such as were incapable
of excitation, the atbractive power might be also
capable of communication from one to the
Lo .
8. For ths pur Mr. Grey inserted a wire
and ball, by r'l:uearp:mﬂi' a piecg of cork, in the
extremity of a glass tube, and, on rubbing the
tube, found its attractive power was ecommuni-
cated to the wire and ball. He proceeded with
this experiment until the len of the wires
which he used became inconvenient. He then
suspended the ball by means of pack-thread, from
the tube, and found the electricity was still com-
municated. The same result was obtained when
the ball was suspended by the pack-thread, from
a balcony twenty-six feet high: on exciting the
tube small light substances were attracted by the
ball from the pavement of the court below.

9. In connexion with Mr. Wheeler, Mr. Grey
afterwards extended his experiments, and sue-
ceeded in transmitting the electric r from
his excited tube through nearly 800 feet of pack-
thread, without any apparent diminution of its
force. In arranging the apparatus for these ex-
periments these gentlemen found that a silken
cord was incapable of transmitting the attractive
power of the tube; an effect which they at first
attributed to its comparative smallness, but they
afterwards observed that a wire of much smaller
dinmeter carried off the electrical effect com-
pletely, and thus discovered that there are in
nature various bodies differently qualified for
the transmission of the eleciric matter, some
conveying it meost readily, and to a great dis-
tance, and others incapable of transmitting it to

any perceptible distance. The former class of

bodies are now termed conductors of electricity,
and the second class non=condactors, or electrics;
these terms are said to have been first applied to
them by Desagnliers.

10. Soon afier Mr. Grey's discovery of the
difference between conductors and non-con-
ductors, M. Du Fay discovered the difference
bhetween positive and negative, or, as they were
for some time, and are still by some ealled, the
vitreouz and resinous electricities.  This diseo-

very was accidentally made in consequence of i

his observing, that a piece of leaf-gold, repelled
by an excilg:.l glass Euba, and which he ei:!dm -
voured to drive about the room with a piece of
excited gum copal, instead of being repelled by
it, as it was by the glass tube, was eagerly at-
tracted. The same was the case with sealing
wax, sulphur, resin, and many other substances.
He diseovered, also, that it was impossible to ex-
cite a tobe in which the air was condensed. He
alzo observed, that such subistances as were least
susceptible of electric excitement by friction were
the best conductors of electricity ; fhough all the
bodies he tried became electric by communica-
tion when placed on a nou-conducting support.
In this way he electrified himself, being sup-
ported by silk lines, and touched by an excited

lass tube; and on this occasion the abbe

ollet, who accompanied him in these experi-
ments, drew the first electrical spark from the
human body.

11. M. Du Fay, says Mr. Singer, has also the
merit of having given the first clear aceount of
that apparent repulsion which obtains in most
electric experiments, and which was first ob-
served by Utto Guericke, who had noticed that
the fibres of an electrified feather receded from
each other, and from the tube or globe by which
they had been electrified. Du Fay viewed this
as the indication of a general principle in elec-
tricity, which. may be thus expressed. Electrified
bodies attract all those that are not so, but repel
them as soon as they are electrified by their con-
tact.

12. The consideration of this general principle
led the same assiduops philosopher to a discovery
of the first importanve, viz. the existence of two
distinet attractive powers, produced by the fric-
tion of different substances, the one excited by
rubbing glass, rock crystal, gems, wool, hair, and
many other subistances, he called vitreous electri-
city. The other, resulting from the friction of
amber, copal, cum-lac, resins, sealing-wax, &c.,
he named resinous electricity. The characteris-
tics of these attractive powers are, that they
strongly attract each other, and produce a mutnal
counteraction of effect, whilst they separately
act in an apparently similar manner on all un-
electrified ies: but the effect of either of
them is destroyed or weakened by the approach
of the other. If gold leaf be electmfied by
rubbed glass it immediately recedes from it, and
will not again approach whilst it remains in its
electric state. But in this state it is strongly
attracted by any excited body of the resinous
class, and will fly to sealing-wax or amber more
rapidly than to an unelectrified body. Hence it
was concluded, by Du Fay, that there are two
distinet electricities, each repulsive of its own
particles, but having a strong attraction for those
of the other. So that all bodies electrified with
the vitreous electricity repel those that are simi-
larly electrified, and attract such as are unelectri-
fied or endowed with the resinous eleciricity.
And the converse of this is the case with such a5
are possessed of the resinous electricity. |

12.* The terms resinous and vitreous electrici-
ty, continues the same author, were sufficiently
npﬁmpriate at the time they were proposed ; but
it has been since found that either kind of elec-
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tricity can be obtained at pleasure, both from
glass and sealing-wax, by varying the nature
of the substance with which t I:Iguam rubbed.
Henee the vitreous electricity of Du Fay is now
called positive electricity; and the resinous,
negative electricity ; terms first proposed by Dr.
Franklin.

13. To the labors of Messrs. Grey and
Wheeler, and their coadjutors Du Fay and
Nollet, all subsequent electricians are highly in-
debted ; their means of research were extonded
by the improvement of electrical apparatus, ne-
cessarily resulting from the discovery of conduct-
ing and non-conducting power; whilst the
generalisation of electric phenomena by Du Fay,
and his discovery of the distinction between
positive and negative electricity, was an enlarge-
ment of the existing sphere of knowledge in a
degree before unparalleled.  From this period,
indeed, the science assumed a more important
aspect, its cultivators increased in number, and
the communication of their researches consti-
wted a prominent feature in the transactions of
the most celebrated societies and academies of
Europe.

14. It was in the year 1745 that the remarkable
properties of the Leyden phial were first ob-
served. This discovery was merely accidental ;
yet it tended, more than any other iismvery hi-
therto made, to promote the progress of electri-
city. The circumstances that led to this discove
were the following :—Professor Muschenbroec
observed, that when conducting bodies were
placed on glass, &c., and electrified, their elec-
tricity was very soon carried. off by the conduct-
ing particles floating in the atmosphere ; he
theretore imagined, if a mntlueling substance
were put into a glass phial, that it could be
charged much higher than in open air, as the
glass would protect it from the dissipating action
of the atmosphere.

15. This idea he attempted to put in practice
by filling a small phial with water, which is a
conducting substance. For this purpose he
passed the end of a wire through the cork of the
phial, so as to touch the water, and then charged
the water by bringing the wire in contact with
the prime conductor, but found no extraordinary
result from the experiment. Mr. Cuneus, of
Leyden, who was one of the party when the pro-
fessor made the experiment, repeated it after-
wards; and, happening to hold the phial in his
hand, after he had connected the wire with the

rime conductor, until the water, as he supposed,
1ad received a full charge of electricity, and then
applying his other hand to unloose the wire from
the conductor, he received such a sudden shock
in his arims and breast, as filled him with asto-
nishment.

16. The report of such a strong effect of the
electric power immediately raised the attention
of all the philosophers in Europe. Many of
them greatly exagrerated their accounts ; either
from a natural tirmdity, or a love of the marvel-
lous. M. Muschenbroeck, who tried the experi-
ment with a very thin giass bowl, told M. u-
mur in a letter written soon after the experiment,
that he felt himself struck in his arms, shoulder,
and breast, so that he lost his breath ; and was two
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days before he recovered from the effects of the
blow, and the terror.  He added, that he would
not take a second shock for the whole kingdom
of France. Mr. Allamand, who made the expe-
riment with a common beer glass, said, that he
lost his breath for some moments ; and then felt
such an intense pain all along his right arm, that
he was apprehensive of bad consequences, but
it soon after went off without any inconvenience,
&c.  Other philosophers, on the contrary,
showed their magnanimity, by receiving a num-
ber of electric shocks as strong as they could possi-
bly make them. Dr. Boze wished that he might
die by the electric shock, in order to furnish, by
his death, an article for the memoirs of the Aca-
demy of Sciences at Paris. But, adds Dr. Priest-
ley, in his history of electricity, it is not given 1o
every electrician to die in so glorious a manner,
as the justly envied Richman. Public curiosity
was ]?Mmpﬂr and highly excited by this disco-
very, and all Europe was presently filled with
itinerant exhibitors of the Leyden Jar, who ob-
tained a livelihood by administering the electri-
cal shock. The experiment was repeated and
varied by the electricians of every country, and
an explanation of the principle on which the effect
depends, was offered by Dr. Franklin of Ame-

‘rica, and Dr. Watson in England, at the same

time, without the one knowing that the other
was engaged in the pursuit. The ];rﬂpm_iliﬂus
of these two philosophers, observes Mr. Singer,
were nearly similar; but that of Dr. Franklin
being the more perfeet, and having a real priority
of publication, was adopted, and has been since
celebrated as the Franklinean Theory of Elec-
tricity. He referred all clectrical effects to the
motion of a peculiar fluid, repulsive of ils own
particles, :m!l having an attraction for all other
matter. And he considered the opposite elec-
tricities of glass and sealing-wax as indications

. of different states of this fuid : the vitreous elee-

tricity being the plus or positive state, and the
resinous the minus or negative state.  All bodies
can contain a certain quantity of electric fluid in
a latent state, If this quantity be increased they
become electrified positively ; if it be diminished
they are rendered negative. The production of
electrical effects is therefore nothing but the result
of the unequal distribution, by art, of a naturally
diffused fluid. Such are the leading Erinciples
of the Franklinean theory ; they have been con-
sidered mathematically by Mr. Cavendish, by
JE.pinus, and others, and, with some modifications,
apply to most of the electrical phenomena at
present known.

17. Frequent experiments, attended with close
observation, were likely enough to lead w0 im-
portant results in this interesting science; and
we have now arrived at a period in its mstory
which is perhaps the most distingnished of any.
We allude to the discovery of the identity of elec-
tricity and lightning. %?r. Grey and Dr. Wall
seem to have been the first who thought of the
resemblance between thunder and the snapping
noise which is heard when an excited electnic 1s
ngrmm:hml b{ a conducting substance. The
abbé Nollet, Mr. Winckler, and others, also
enumerated many resemblances between the
phenomena of electricity and those of thunder;
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but they did not think of any method by which
their suppositions could be brought to the test
of experiment. The remarks of the abbé Nollet on
this subject, considering the time at which they
were made, are so striking, that we consider them
well deserving of a place in the memory of every
lover of the electrical science, and shall here re-
cord them. .

8. ¢ If," says he, ¢ any one should take upon
him to prove from a well connected comparison
of phenomena, that thunder is in the hands of
nature what electricity is in ours ; that the won-
ders which we now exhibit at our pleasure, are
little imitations of those great effects that frighten
us, and that the whole depends upon the same
mechanism : if it can be demonstrated that a
cloud p by the action of the winds, by
heat, by a mixture of exhalations, &c., is oppo-
site to a terrestrial object; that this is the electri-
fied body, and at a eertain proximity to that
which is not; I avow that this idea, if it were
well supported, would give me a great deal of
pleasure ; and, in support of it, how many spe-
cious reasons present themselves to a man who
is well acquainted with electricity ! The univer-
sality nfcﬂm electric matter, the readiness of its
action, its inflammability, and its activity in
giving fire to other bodies, its property of striking
externally and internally even to their smallest
parts, the remarkable example we have of this
effect in the Leyden experiment, the idea which
we might truly adopt in supposing a greater de-
gree of electric power, &e. ; all these points of
analogy, which L have been some time meditating,
begin to make me believe, that, by taking elec-
tricity for the model, one might form to one’s
self, in respect to thunder and lightning, more

t and more probable 1deas than have
itherto been offered.’ :

19. It is generally admitted that the French
philosophers were the first to verify these con-
jectures; they preceded the justly celebrated

r. Franklin in drawing the electric matter from
the clouds by means of an iron conducting rod ;
but, within a month after they had done so, the
American philosopher effi the same thing in
a manner that never seems to have entered into
their minds. Speaking of the observations of
the abbé Nollet, above quoted, Mr. Singer justly
remarks, that thy bear no comparison with the
acute conception, sound philosophical argu-
ment, and satisfactory experiments, by which
Dr. Franklin has demonstrated the identity of
the electric luid, and the cause of thunder. Dr.
Franklin, says he, had observed with equal atten-
tion the peculiarities of the natural phenomenon,
and the power to which be Hsl:riheg its produe-
tion; he enumerated the following as their lead-
ing features of resemblance :— -

(1.) The zigzag form of lightning corresponds
exactly in agpmranee with an electric spark
that passes through a considerable interval of
@alr.
(2.} Lightning most frequently strikes such ob-
jects as are high and prominent, in preference
_to others, as the summits of hills, the masts of
ships_., high trees, towers, spires, &c. The electric
fluid, when striking from one body o another,
always passes through the most prominent parts.
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(3.) Lightning is observed to strike most fre-
lqr::er.tl}" into those substances that are good con-
uctors of electricity, such as metals, water, and
moist substances ; and to avoid those that are
non-conductors.

(4.) Lightningz inflame combustible bodies.
The same 15 effected by electricity.

(5.) Metals are melted by a powerful charge of
electricity.  This phenomenon is one of the
most common effects of a stroke of lightning.

(6.) The same may be observed of the fracture
of brittle bodies, and of other expansive effects
common to both eauses.

(7.) Lightning has often been known to strike
people blind. Dr. Franklin found, that the
same effect is produced on animals when they
are subject to a strong electric charge.

(8.) Lightning destroys amimal life. D
Frapklin killed turkies of about ten pounds
weight, by a powerful electric shock.

(9.) The magnetic needle is affected in the
same manner by lightning and by electricity,
and iron may be rendered magnetic by both
causes. The phenomena are therefore strictly
analogons, :mJ differ only in degree; but if an
electrified gun-barrel will give a spark, and pro-
duce a loud report at two inches distance, what
effect may not be expected from perhaps 10,000
acres of electrified cloud? And is not the dif-
ferent extent of these conductors, equal to the
different limit of their effects? But to ascer-
tan the accuracy of these ideas, let us have re-
course to experiment.

Pointed bodies receive and transmit electri-
I:':‘i}tg' with facility; let, therefore, a pointed metal

be elevated in the atmosphere, and insulated ;
if lightning is caused by the electricity of the
clouds, such an insulated rod will be electrified
whenever a cloud passes over it, and this elec-
tricity may then be compared with that obtained
in our experiments.  Such were the suggestions
of this admirable philosopher: they soon ex-
cited the attention of the electricians of Europe,
and having attracted the notice of the king of
France, the approbation he expressed excited in
several members of the French Academy a de-
sire to perform the experiment pro by
Franklin, and several wsulated and pointed
metallic rods were erected for that purpose.

20. In this pursuit the most active persons
were two French gentlemen, Messrs, 1Y Alibard
and Delar. The former prepared his apparatus
at Marly la Ville, five or six leagues from Paris;
the latter at hiz own house, on some of the
highest ground in that capital. M. D'Al-
bard’s machine consisted of an iron rod forty
feet long, the lower extremity of which was
brouight into a sentry-box, where the rain could
not come:; while on the ontside it was fastened
to three wooden posts by long silken strings de-
fended from the rain. This machine was the
first that was favored with a visit of the etherial
fire. DL IXAlibard himself was not at home ; but,
in his absence, he had entrusted the care of his
apparatus to one Coissier, a joiner, who had
served fourteen years in the army, and on whose
courage and understanding he could depend.
This artisan had all the necessary instructions
given him; and was desired to call some of his



16

neighbours, particularly the curate of the parish,
whenever there should be any appearance of a
thunder storm. At length the lﬁn%‘[etpecmd
event arrived. On “"B&ﬂﬂdﬂﬁwf"_ ay, 1752,
between two and three P. M. Coissier heard a
pretty loud clap of thunder. Immediately he
ran 1o the machine, taking with him a phial
furnished with a hrass wire; and presenting the
wire: to the end of the rod, a small spark issued
from it with a snap like that which attends a
spark from an electrified conduetor.  Stronger
sparks were afierwards drawn in the presence of
the curate and a number of other people. The
curate's account of them was, that they were of
a blue color, an iuch and a half in length, and
smelled strongly of sulphur. In making them,
he received a stroke on his arm a linde below
the elbow ; but he could not tell whether it cime
from the brass wire inserted into the phial, or
from the bar. e did not attend to it at the
time; but the pain continuing, he uncovered his
arm when he went home in the presence of
Coissiér. A mark was perceived round it, such
as might have been made by a blow with the
wire on his naked skin.

21. Dr. Franklin himself had an opportunity,
about 2 month after this, of verifying hiz own
hypothesis. He was waiting for the erection of
a spire in Philadelphia, not imagining that a

inted rod of a moderate height could answer
the purpose. At last it oceurred to him, that by
means of a common kite he could have a readier
access to the higher regions of the atmosphere
than any other way whatever. Preparing, there-
fore, a large silk handkerchief and two cross
sticks of a proper length on which to extend it,
he took the opportunity of the first approaching
thunder-storm to take a walk into a field where
there was a shed convenient for his purpose. But,
dreading the ridicule which too commonly at-
tends unsuccessful attempts in science, he com-
municated his intention to nobody but his son,
who assisted him in raising the kite. A consi-
derable time elapsed Dbefore there was any ap-
earance of success.  One very promising cloud

passed over the kite without any effect;
when, just as he was beginning to despair, he
observed some loose threads of the hempen
string to stand erect and avoid one another, just
as if they had been suspended by the conductor
of a common electrical machine. On this he
presented his knuckle to a key which was fis-
tened to the string, and thus obtained a very
evident electric spark. Others succeeded even
before the string was wet; but, when the rain
had begun to descend, he collected electric fire
fsrell.;,' copiously. e had afterwards an inso-
ated iron rod to draw the lightning into his
house ; and performed almost every experiment
with real thtning', that lead before been done
with the artificial representations of it by elec-
trical machines. ith this apparatus he con-
nected two small bells and a pendulum between
them, which were so arranged as to ring when
electrified, and thus to give notice of the ap-
prouch of a tlnu'll:iﬂrr—ni."lm’l§.l

22. Fxperiments with the eleetrical kite were
repeated in all directions, and with varions sue-
eess; in France 2 most brilliant display of its
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powers was made by M. de Romas. He eon-
structed a kite of seven feet in height, and three
feet wide; this kite he raised to the height of
550 feet by a string, in which was interwoven a
fine metallic wire to render it a good conductor.
On the Tth of Juneg, 1753, when this kite was
elevated, M. de Romas informs us that he drew
from the conductor 1o which the string was ai-
tached sparks three inches long, and a quarter
of an inch thick. On one or two occasions he
met with increasing suceess, and was enabled to
draw sparks, or rather streams, of the eleetric
matter from his apparatus, of a foot in length,
and an inch in thickness. But on the 16th of
August, 1757, M. de Romas, with an additional
length of string to his kite, was still more suc-
cessful. The storm at the time was not great,
neither was there much thunder, and but liude
rain had fallen; yet streams of lightning, nine
or ten feet long, and an inch in thickness, darted
from his condictor to the ground, accompanicd
with 4 noise equal to that attending the dis-
charge of a pistol.

23. It was not to be expected that, in the
infaticy of the scienve, experiments on such a
scale should he always conducted with safety :
accidénts will happen in the managemeént of the
best constructed apparatus, and the first ope- .
rators on atmospherical electrivity received many
severe and unexpected shocks. Numerous, how-
ever, and dangerous as these accidents have
been, there is only one instance known of their
having proved fawal; to that we.have already
alluded, and shall here staie some of the leading
rarticu]ars attending the melancholy catastrophe.

*rofessor Richman, of St. Petersburgh; had eon-
structed an apparatus for making experiments
on atmospherical electricity, for a work on that
subject in which he was engaged.  On the morn-
ing of the day that terminated his mortal carecr
he was attending a meeting of the Academy of
Sciences, and, hearing the sound of distant thun-
der, he hastened home to observe his apparatas,
and took with him Mr. Solokow, his engraver,
that he might make any sketch required during
the action of the apparitus. On nspecting his
electrometer, he found it indicated 4° on the

uadrint ; and, while pointing out to his friend
the danger to be app ded shoiild it rise to

45% a loud peal of thunder burst over the city.
At this moment the professor inclined his head
towards the apparatus to obiserve the height to
which the electromster had risen, and while in
this posture, with his hand about a foot froin
the conducting rod, 2 ball of fire, of a bluish=
white color, flashed from the rod io his head,
with & report equal to that of a pistel. Richman
fell backwards on a chest behind him, and ex-
{:imrl in a moment. Holokow was much stunned
»y the discharge ; and described the ball of elec-
tric fire as being about the size of his closed
hand. The wires of the apparatus were melted
and seattered about the room ; the deor was torn
from its hinges and thrown upon the floor; the
house was filled with salphureous vapor, the
ashes were thrown from the fire-place; and the
door-posts rent asnnder.

24. A vein was opened in the
twice, but no hicod followed ;

essor's body
er which, they
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endeavoured to recover life by violent friction,
but in vain. There appeared a red spot on the

forehead, from which spirted some drops of

blood through the pores, without wounding the
skin. The shoe belonging to the lefi foot was
burst open, and uncovering the foot at that part,
they found a blue mark; whence it was con-
cluded, that the electric matter having entered
at the head, made its way out again at that foot.
Upon the body, particularly on the left side,
were several red and blue spots resembling lea-
ther shrunk by being burnt. Many more also
became visible over the whole body, and par-
ticularly over the back. That upon the forehead
l:hsmgeg to a brownish red, but the hair of the
head was not singed. In the place where the
shoe was burst, the stocking was entire; as
was the coat every where, the waistcoat only
being singed on the fore flap: but there ap-
peared on the back of Mr. Solokow’s coat long
narrow sireaks, which probably arose from frag-
ments of the red hot wires falling on it and burn-
ing off the nap. Next day, when the body was
opened, the cranium was very entire, having
neither fissure nor contra-fissure : the brain was
sound ; but the 1ransimrm:t llicles of the wind-
ipe were excessively tender, and easily rent.
ere was some extravasated blood in it, as also
in the cavities below the lungs. Those of the
breast were quite sound ; but those towards the
back of a brownish black color, and filled wiih
more of the blood above-mentioned. The throat,
the glands, and the small intestines, were all in-
flamed. The singed leather-colored spots pene-
trated the skin only. In forty-eight hours the
body was so much corrupted that they could
with difficulty place it in the coffin. It is said
that, at the time of his death,
had in his pocket seventy rubles of silver, which
were not in the least affected by the lightning.

25. There was no longer any doubt re-
maining as to the identity of lightning, and the
electricity produced by the electrical maching ;
and the great practical use made of this disco-
covery was to secure buildings, ships, &e., from
being damaged by lightning, by erecting on
them pointed metallic rods, riging a little above
the highest part of the building, and passin
along it so as to communicate with the grouns
or the nearest water, a full account of which
will be given in the course of this essay.

26. A short time ious to the event of
professor Richman's death, a most remarkable
attempt was made by a gentleman in Italy, to
gain on the credulity of his countrymen and
others, by pretending that if odoriferous sub-
stances were enclosed in glass tubes, and the

tubes excited, the medicinal virtues of those

substances would transpire through the glass,
impregnate the atmosphere of the conductor,
thus be readily communicated to the pa-
tient without being taken into the stomach. "Fha
most astonishing cures were said to have been
rformed by these medicated tubes: and the
inventor, J. Francisco Pivati, published an ac-
count of them to the world. Both the British
and French philosophers united in investi-
gating the merits of Pivati's experiments, and
the result was a complete failure; in every in-
Vou. VIIIL

fessor Richman.
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gtance in which the experiments were r d,
though this was done iy the presence of those
who pretended to have been so successful ; and,
in some cases, with the very apparatus they
themselves had uwsed. The theory was, conses
quently, no longer credited.

27. To enumerate, in chronological order,
all the discoveries that have been made in the
science of electricity, from the invention of the
Leyden phial to the present period, would swell
this introductory sketch far beyond its proper
limits; and yet, as having so eminently contri-
buted towards raising the science to its present
elegant, improved, and Lighly prosperous state,
there are several whose names it would be in-
justice to pass by in silence. As the chief of
these we may notice the following : Mr. Canton,
an eminent English electrician, who distin-
guished himself by a very successful repetition
of Dr. Franklin's experiments on atmospherical
electricity ; a method of electrifying the air of a
room, either positively or negatively ; and par-
ticularly by disproving the correctness of the
theory of vitreous and resinous electricity, and
showing that every electric is capable of giving
it both 1n a positive and negative form, according
to the nature of the surface of the body, and the
kind of rubber with which it 13 excited.

This ingenious electrician made several re-
markably fine experiments on electrieal atmos-
E‘;ﬂmﬁ, which led to the establishment of the

t, that bodies immersed in them became oS-
sessed of the eleciricity the opposite of that
of the body into the atmosphere of which they
are placed.

28. In connexion with the name of Canton
must be mentioned that of Beccaria, author of a
work entitled Dell’ Elettricismo Artificiale e
Naturale, and which was translated into English
in the year 1776. The discoveries of Signor
Beccaria were nearly the same as those of his
contemporary, Mr. Canton, although they had
had no communication with each othier on the
subject. Beccaria also made some very impor-
tant experiments on the conducting power of
water; 1n these he ascertained, that water 15 2
very imperfect conductor of electricity ; that it
conduets it according to its quantity, and that,
when used in very small quantities, its resistance
was greatest.  See Brecania.

29, Some interesting discoveries were made
in the year 1759, on the electrical qualities of
silk, by Mr. Symner. An aceount of these he

llllﬁ.‘igﬂd in the Philosophical Transactions.

lis attention seems to have been directed to the
subject by accidentally observing, that, on pul-
ling off his silk stockings in the evening, a
crackling noise proceeded from them, and that
in the dark they emitted sparks of fire. Ie
found that these electrical appearances were
always the strongest when a silk and worsted
stocking were both on one leg, and that it was
of no consequence which of them was next the
skin, but that they must be of different colors,
one white and the other black. Two stockings
of this description, worn on the leg for the short
space of ten minutes, on being pulled off; stoad
inflated as if the leg had been within them, and,
on being drawn asunder, attracted eachﬂoﬂm: at
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the distance of eighteen mehes. These effects
are always most powerful when the stockings are
new, or when newly washed.  Those who choose
to try this very simple experiment will find it
succeed equally well if the stockings are placed
one within the other, drawn a few times through
the hand, and then quickly pulled asunder.

30. Mr. Kinnersly, an intimate friend of Dr.
Franklin, made several experiments that contri-
buted to the advancement of electricity. These
related chiefly to the discovery of the two elee-
tricities, the condueting power of water at dif-
ferent temperatures, and the power of strong
charges of electricity when passed through brass
wires. In the first of these experiments he had
been anticipated by M. Du Fay; but he soon
perceived that Dm Fay did not consider the two
electricities in the same light as that in which
they were viewed by Franklin, viz. positive and
negative,

. 31, In 1757 a work appeared on electricity,
entitled Disputatio Physica Experimentalis de
Electricitatibus, by Mr. Wilke, of Hostock, in
Lower Saxony, in which the author gives some
very interesting details of his researches I‘l:ﬂ%l‘,!ﬂt—
ing the electricity developed during the melting
and cooling of electrical substances, and also
that produced by the friction of different bodies.
This gentleman found that, when sulphur is
melted in an earthen vessel placed upon con-
ductors of electricity, it is strongly electrified when
taken out after it 15 cold ; but that it shows no
signs of electricity if cooled upon electries.
Melted sealing-wax, he found, acquired negative
electricity when poured into glass vessels, but
l;milive electricity when poured into sulphur.
Ir. Wilke also confirmed the experiments of Dr.
Franklin and Mr. Canton on electrical atmos-
pheres, and illustrated the phenomena of elee-
trical light.

32. M. Alpmus, a member of the Imperial
Academy at Et. Petersburgh, seems to have been
the first who gave to the world a mathematical
demonstration of the theory of electricity. An
exposition of his treatise was published by the
abbé Hauy; and an excellent paper, on the
same subject, was drawn up for the Royal So-
ciety by Mr. Cavendish, before he knew any
thing of the theory of M. Alpinus. The merits
of M. Alpinus are certainly great, but we con-
sider Cavendish as having much higher claims
as an electrician; his experiments on the con-
ducting power of water and wire; his very
ingenious construction of the artificial torpedo ;
and above all, his success in employing elec-
tricity as a chemical agent, justify this opinion.

33. The labors of Dr. Priestley, as an elec-
trician, are deservedly held in the highest es-
teem ; the doetor brought no commeon share of
ingenuity and perseverance to bear upon the
geignee; and to him we are indebted for a con-
siderable number of important improvements and
interesting experiments in electricity, as con-
necied with chemistry; for a most excellent
trestise on the History of Eleetricity ; an Intro-
duction to Electricity; several valuable s
on the same subject, inserted in the Philosophical
Transactions; and for numerous improvements
in the construction of electrical apparatus.
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34. The theories of Alpinus and Cavendish
were much improved on by the ingenuity of AL
Coulomb. By those philosophers the action o
the electric matter, in producing attraction or re-
pulsion, was considered merely as diminishing
with the distance; but by the experiments of
Coulomb it was proved that the electrical force,
like that of gravity, is in the inverse ratio of the
squares of the distance. The instrument with
which Coulomb made his experiments was of
his own construction: he gave it the name of the
¢ torsion balance,” from the manner of its action ;
a deseription of it will be given in the course of
this essay. Coulomb also made numerous ex-
eriments for the purpose of ascertaining the
aws by which the dissipation of the electrical
matter in the air is regulated; and also to ascer-
tain the distribution of it in an overcharged
body. In prosecuting these enquiries he was
certainly as successful as could possibly be ex-
pected, considering the extreme delicacy of his
quamtus, and the effects which the variableness
of the atmosphere produces on the strongest
electrical experiments.

35. To M. De Saussure we are also indebied
for some remarkably fine experiments, which
seem to have been made with great care, on the
electricity developed during the conversion of
fluids into vapor. The fluids on which he ope-
rated were distilled water, spirit of wine, and
ether. The same philosopher likewise made
some highly interesting experiments on atmo-
spherical electricity, for the verification of which
he made a journey to the Alps.

36. Most of those who have devoted their
attention to the study of electricity, as a science,
have distinguished themselves by the invention
of some new instrument, the use of which has
generally led to some important discovery.

This was liarly the case with Sig. Volta,
rofessor of natural philosophy at Como in Italy.
{e invented the ell-;crmph::-ms, an ingeniously

constructed instrument for collecting and retain-
ing the electric matter; and another called a
condenser, the use of which is to accumulate,
and render visible, the smallest portions of elec-
tricity, matural or artificial. e celebrity of
Volta, however, rests chiefly on the important
improvements which he made in that branch of
electricity designated Garvaxsy, under which
they will be fully considered.

7. We have already noticed the scientific ex-
periments of Coulomb, and must here observe
that Dr. Robison, late professor of nataral phi-
losophy in the university of Edinburgh, is justly
entitled to a share of the honor bestowed on
Coulomb, since he had, so early as the year 1769,
made numerous and remarkably suceessful -
tempts, with an admirable electrometer of his
own invention, to determine the laws of electric
action. "But the professor did not publish an
account of his experiments at the time they were
made, which certainly gives them the appearance
of posteriority. The conclusion to which Dr.
Robison’s experiments led him was, that the force
of electrical attraction and repulsion is nearly in
the inverse ratio of the square of the distance.
‘The specific result,’ says Pr. Brewster, “which
he obtained was, that the mutual repulsion of
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two spheres, electrified in the same manner, va-

. 1 . 5
ried as e d representing the distance of

their centres.’

38. As electricity now began to be more gen-
erally cultivated, it was to be expected that great
improvements in the construction of apparatus
would take place. This was the case; and the
brilliant suceess of Van Marum of Haarlem, in
experiments which had failed in the hands of
others, was obviously owing to the prodigious
{tﬂwer of the large apparatus constructed by Mr,

“uthbertson of London, and placed in Tyler's
museum at Haarlem. Some notice of these ex-
periments will be taken in the course of this
article ; at present it may be sufficient to state,
that, whatever other philosophical instrument
makers may have conceived, Mr. Cuthbertson
has brought forth the most useful, becanse the
most powerful, electrical apparatus with which
we are yet acquainted.

39. Mr. Cavallo is justly entitled to respect-
ful motice in every historical sketch of the rise
and progress of the electrical science, to which
he made many important additions.  This phi-
losopher made numerous experiments on atmo-
spherical electricity ; and also added to our stock
of electrical ap us, by his invention of the
most ingeniously construeted instruments for
measuring, doubling, condensing, and multiply-
g electricity.

40. There are other philosophers who have li-
berally contributed 1o the progressive improve-
ment of this branch of natural philosophy,
on whose merits we cannot here dwell; but
this we the less regret as their improvements
and discoveries must be still fresh in the memory

“of those who feel an interest in the science.
Among these we would simply enumerate the in-
nious and laborious Nicﬁa{sun, the venerable

. Hauy, Mr. Brooks, Mr. Bennet, Mr. Henley,
Mr. Morgan, La Place, and the truly ingenious
annalist M. Poisson.

40.* Many other names of deserved celebrity
might be here mentioned, as having successfully
labored in raising electricity to its t emi-
nent station among the sclences; but we must
bring this part of our article to a conelusion by
acknowledging our obligations to them, and inti-
mating that we shall occasionally avail ourselves
of their labors. This remark is meant to apply
Farticulnrl:,r to the excellent treatise on electricity

wy the _ate Mr. George John Singer, a popular
lectusar on this science. Mr. Singer's name
stands high in the scientific world ; and com-
ctent judges have pronounced his Elements of
iectricity and Electro-Chemistry one of the
best and most original works on the subject in

the English langnage

PART TI.

ON THE PHENOMENA OF EXCITED ELEC-
TRICITY.

41. The more simple methods of exciting
electrics enable us to perform several pleasing
and instructive experiments, without the aid of
costly and complex apparatus; the principal of
these we now proceed to describe,
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If two silk ribands, the one black and the
other white, about two or three feet in length, and
perfectly dry, be applied to each other by their
surfaces, and then drawn smartly a few times be-
tween the finger and thumb, or over dry silk
velvet or woollen cloth, they will be found to
adhere to each other with considerable force;
and when separated at one end will rush together
again with rapidity.  Each riband, when sepa-
rated, will attract any light substances to which
it is presented ; and, if the experiment be made
in a dark room, a flash of light will occasionally
attend the separation of the ribands.

42, Sticks of sealing-wax, resin, or sulphur,
when rubbed with dry woollen cloth, or fur; and
tubes or rods of glass, when rubbed with silk,
exhibit similar powers ; and, if of sufficient size,
produce, when applied within a short distance of
the face or hand, a distinet and singular sensa-
tion. These effects having been first produced
by the friction of amber (electron) are called
electrical phenomena; and the processes em-
ployed for their production, the excitation of
electricity.

43. Attraction is the phenomenon most con-
stantly attendant on excitation; it is therefore
considered as an indication of the presence and
action of electricity, and is the basis of all it
tests.  Electricians formerly, says Mr. Singer,
employed for such trials a light wooden or metal
needle, surpﬂrled by its centre on a point, or 2
thread or feather delicately suspended. To these
the excited body was presented, and, if they were
attracted by it, the attraction wasattributed to elec-
tricity, and the excited body was called an electric.

44, This suspended needle, and every other
contrivance for the same purpose, they c;{led an
electroscope, when employed to indicate the ex-
istenice of electricity; and an electrometer when
considered as a measure of its force; but the
latter term appears fully sufficient, since every
contrivance hitherto emgalnyed to ascertain the

resence of eleetrical phenomena is also caleu-
ated to measure their power.  The most useful
electrometers, for common purposes, are con-
structed by suspending two narrow slips of gold
leaf from the cap of a glass cylinder. When
these are unelectrified they will hang parallel and
contignous ; the presence of the smallest quan-
tity of electricity will cause them to diverge to-
wards the sides of the cylinder,

Small balls turned from the pith of elder, and
suspended by fine threads or silver wires, are
sometimes substituted for the gold strips.  They
are less easily affected, but they are more dura-
ble. The pith balls, suspended by thread or
wire, are also occasionally used without a glass
cylinder. But these and other electrometers will
be explained hereafter.

45. Flectrical phenomena are thus charac-
terised by the attraction and recession of light
substances ; the consequent production of metion
in them, and of sensation in living bodies, and
by the evolution or production of light. There
are various methods by which these effects may
be produced, but the following are the most ol
vious sources of their produetion. (1.) Friction,
(2.} Change of form. (3.) Change of tempera-
ture.  (4.) Contact of dissimilar hﬂd]ﬁs,ﬂl
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46, Of the first kind, viz. friction, the instances
are most numerous, and, as Mr. Singer remarks,
under eertain limitations, universal; they may
indeed be obtained by rubbing any of an exten-
sive list of resinous and silicious substances;
and of dry, vegetable, animal, and mineral
productions. The electricity thus excited, is most
readily rendered visible by its effects on the gold
leaf electrometer.

47. Examples of the second kind are also very
numerous,  If a small quantity of sulphur be
melted and poured into a conical wine glass, it
will contract a little, and become eleetrical in
cooling. A silk thread with a small hook at the
end of it, or a rod of glass should he inserted in
the sulphur while in a fluid state, to serve as a
handle for separating it from the glass when cold.
On being separated from the glass, the sulphur
will exhibit other signs of electricity ; if kept in
the glass it will retain its electric virtue for years,
and evince it very perceptibly on every attempt
to separate the two substances.

48. Mr. Henly discovered that chocolate, fresh
from the mill, becomes strongly electrical, as it
cools inthe tin pans. Itsoon losesthis property, but
recovers it once or twice, by being melted in an
iron ladle and poured into the tin pans.  When
the mass becomes dry, the electricity cannot be
restored by melting, unless olive oil be mixed
with it in the ladle; in which case it completely
recovers its eleetric power. M. Chaptal observed
the same circumstance during the congelation of
glacial phosphoric acid. Calomel also, when it
fixes by sublimation to the upper part of a glass
vessel, has been found strongly electrical.  The
condensation of vapor, and the evaporation of
fluids, though apparently opposite processes, are
alike sources of electrical excitation.

49. Various erystallised gems, and a stone
called the Tourmalin, become electrical by the
mere application of heat; but no other sul-
stances have yet unequivocally manifested the
same property; though the effects of friction are
generally increased, if it is preceded by a mode-
rate elevation of temperature,

50. The contact of dissimilar bodies is pro-
Lably in all cases the real primary cause of elec-
trical exciternent, but it is rarely E’!I'IE[U}'L"I’] alone,
for electricity is known to us only by is effects,
which are constantly the result of an artificial
arrangement, and consequently may not immed -
ately sicceed the primary cause of electric
powers, similar in their separate action on the
electrometer, and other indifferent matter; but
ererting a mutual influence on each other,
destructive of their individual properties.

51, It was at first supposed that these pheno-
mena were peculiar to the substances by which
they were produced : hence the power excited by
the friction of glass was termed vitreous electni-
city; and that by the friction of sealing-wax,
resinous electricity. It has, however, long since
been proved that both powers are produced in
every case of electrical excitation; and, becanse
their mutual counteraction of effect resembles
that of an affirmative and negative power, they
have been styled positive and negative electrieity.

52. The determination of these two states of
electricity in different excited bodies, continues
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Mr. Singer, is of im ce to the practical
electrician, and may be thus effected :—Sealing-
wax when rubbed on woollen cloth is negativelv
electrified.  Glass, when rubbed with silk is
positively electrified. Let an electrometer he
made to diverge by its being approached by an
excited stuck of sealing-wax: while in this state,
approach it with any excited body, the electri-
city of which is to be determined. I the diver-
gem:e of the electrometer increase, the presented

ody is negative; if it be diminished, the pre-
sented body is positive. In other words, all
those substances that lessen the divergence oeca-
sioned by excited wax, are positive; and such as
increase it, negative: whilst those which lessen
the divergence produced by excited glass, are
negative; and such 2s increase it positive.
Examining, h}' this test, the effects Jpro uced Iin
some of the nstances of excitation already con-
sidered, we find the truth of the preceding state-
ments, and the relation of the different electrical
states to the processes by which they are pro-
duced, become more intelligible.  Care ought to
be taken to destroy the divergence of the elec-
trometer after every experiment of this nature;
this is best efiected by touching its cap with one
end of a piece of brass wire.

53. As an illustration of the doctrine here
advanced let the following simple and easily per-
formed experiments be made.

(1.) Roll up a warm and dry piece of flannel,
50 that it may be held by one extremity, while a
stick of sealing-wax is rubbed with the other.
After a slight friction present the flannel to an
electrometer, which wi{l instantly diverge; while
this divergence continues, bring the stick of
sealing-wax near the cap, and the leaves of the
electrometer will quickly collapse.  Botl: these
substanees, it iz obvious,are electrified by mutual
friction, but their electricities are opposite; that
of the wax being negative, and that of the flannel
positive,

(2.) The electricities thus produced are equal
to each other: for if the friction be repeated,
and the two substances be both presented to the
electrometer at the same time, no signs of elec-
tricity appear: the opposite electricities, when
applied together, producing a reciprocal counter-
action of effect.

{3.) If a black and a white silk riband be ex-
cited in contact, in the manner already described,
the black riband will be found to he negatively,
and the white one positively eleetrified.

(4.) Take the sulphur eone described at 47,
apply it and the glass separately to the elec-
trometer; the cone will be found to be negatively
and the glass positively electrified.

54. From the above experiments it a
that in all eases of excitation positive aug nega-
tive electricity are produced at the same time,
and may be almen’e:ll by the nse of proper means.
But it also appears that by friction with the same
snbstance, different bodies are variously affected ;
for glass rubbed with silk evinces positive elec-
tricity: but wax rubbed with silk is rendered
nerative,  Again, polished glass, when rubbed
with silk, skin-wool, or metal, becomes positive;
but if it be excited by friction against the back
of a living cat, it appears negative. Wool, silk,
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or fur, rubbed against sealing-wax, are rendered
positive; but gold, silver, or tin, are hy the same
process rendered negative.

55. Electricians have drawn up tables for

Is rendered
The back of a cat Positive
Smooth Glass Positive
Positive
Rough Glass { Negative g
o . Positive
Tourmalin { Negative
Havels akin { Pasitive
Negative
5 L.
White silk s }ﬁ;i: A
; Positive
Black silk { Negative {
Positive

Sealing W { Negative g
Paositive Silk
Baked wood Nesntine

Ina nul&a[?emiui to the preceding table Mr.
Singer says, Mr. Cavallo had inserted metals,
which appeared to imply that the friction of all
metals electrified sealing-wax positively; this I
find is not the case: iron, steel, plumbago, lead,
and bismuth, render sealing-wax negative, and
all the other metals I have tried leave it positive.
I have therefore made a slight alteration in the
table. The least difference in the conditions
of such experiments will occasion singular va-
rieties of result: with the same rubber (an iron
chain}, positive electricity may be excited in one
stick of sealing-wax, and negative in another, if
the former have its surface scratched, and the
latter be perfectly smooth. Many repetitions of
each experiment are therefore essential to an ac-
curate conclusion.

56. The result of experiments of the kind
just described, Mr. Singer found to be much
influenced by the state of the bodies em-
ployed, and the manner in which the friction
was applied to them. In general, he remarks,
strong electric signs can only be produced by
the friction of dissimilar bodies; but similar
substances, when rubbed together so that the
motion they individually experience is unequal,
are sometimes electrified ; and, in such cases,
the substance of which the friction is lim ted to
the least extent of surface, is usually negative.
This he farther remarks is the case with the

strings of a violin, over a limited part of which -

the bow passes in its whole length, and the hairs
of the how become positive,

. 37. From these facts he draws the following
conclusions, viz. that positive and negative elec-
tricity are concomitant phenomena, and that in
all cases of electrical excitement, they are both
produced, though one only may occasionally
appear; and that these phenomena are not pe-
culiar to any distinet class of bodies, but may
be produced alternately in various substances,
by changing the materials or method by which
friction is communicated to them.
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showing at one view what kind of electricity
will be ueed by rubbing various electrics
with different substances; the following Mr.
Singer gives us on the authority of Mr. Cavallo.

By friction with

Every substance with which it has been hitherto tried.

Every substance hitherto tried, except the back of a cat.

Dry oiled silk, sulphur, metals.

Woollen cloth, quills, wood, paper, sealing-wax, white-
wix, 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's, weasel's, and ferret's skin, loadstone, brass, silver,
irml, halldI white silk.

Some metals.

Hare's, weasel's, and ferret’s skin, hand, leather, woollen-

cloth, paper, some metals.

Flannel.

Tue Communication of EvectrRiciry.

58. Mr. Cavallo, speaking of communicated
electricity, remarks, that under such a title falls
almost all that we know of the subject: the
passage of this virtue, says he, from one body
to another is what causes its light; by being
communicated to other bodies we see its attrac-
tion; by its quick transition it melts metals,
destroys animal and vegetable life; and, in
short, 1t is by this communication that the science
is known and cultivated.

The following observations and experiments
on this particular part of the subject we give
from Mr. Singer, with a few necessary excep-
tions, preferring them to any thing we have
yet seen for their appropristeness and concise-
ness,

59, From the few simple experiments which
we have already described the reader must be
aware that electricity can be communicated or
conveyed from one body to another. But the
faculty of electrical transmission is very different
in different bodies ; some convey it with great
rapidity ; others more slowly; and there are
some that appear absolutely to arrest its pro-
gress. Examples of this fact are apparent in
the most simple experiments. The divergence
of an electrified electrometer may be destroyed,
weakened, or maintained, by touching its cap
with different bodies ; now, as the divergence of
the electrometer is caused by its electricity, such
effects can only be produced by the relative
an&r of the touching bodies to deprive it thereof;
or 50 long as the electricity remains the diver-
gence will continue unaltered.

60. This may be shown most satisfactorily by
the two following experiments. (1.) Touch the
cap of the electrified electrometer with a stick
of dry glass, sulphur, or sealing-wax ; the di-
vergence of its leaves will continue ; this shows
therefore that these substances do not transmit
electricity.  (2.) Touch the eap of the eleetrified
electrometer with a piece of woed, a rod of
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any metal, a green leaf, or with the point of the
finger ; its divergence immediately ceases. Such
bodies therefore permit the transmission of elec-
trieity.

61. By experiments of this kind it is found,
that there is a gradation of effect from one elass
of bodies to the other. Those which transmit
electricity with facility are called conductors;
those whose transmilting powers are inferior,
imperfect conductors; and such as have no
power of transmission, non-conduetors: but in
general the various bodies in nature are divided
mto two classes only: the remote extremes of
each forming the intermediate class.

62. In the following enumeration of the prin-
cipal conductors, and non-conductors, the sub-
stances are placed nearly in the order of their
perfection; but the determination of this cir-
cumstance has not hitherto been accomplished
with much precision.

CoXDUCTORS.
All the known metals.
Well-burnt charcoal.
Plumbago.
Concentrated acids.
Powdered charcoal.
Diluted acids, and saline fluids.
Metallic ores.
Animal fluids.
Sea water,
Spring water.
River water.
Tee above 13° of Fahrenheit.
Snow.
Living vegetables.
Living animals.
Flame.
Smoke.
Stearm.
Most saline substances.
Rarefied air.
Vapor of aleohol.
Vapor of ether.
Most of the earths.
Most stones.

To the aboye Dr. Brewster adds powdered glass
and powdered sulphur, which, he says, have been
found to be conductors by the experiments of
Van Swinden.

63. Many of the above mentioned substances
fail to conduct electricity when they are made
perfectly dry; hence it is concluded that their
conducting power arises from the water they con-
tain. ImFeed this faculty does not permanently
exist in any of the bodies enumerated, but varies
and disappears with their modifications of tem-
perature, &e.  Thus hot water is a much better
conductor than cold water is: the same is the
case with chareoal and other substances.

Nox-Coxpuctons.
64. These are also denominated electrics, as
before remarked, and occasionally insulators;

but the latter term will only apply to the most
perfect of them.

Shell-lae, amber, resins.
Sulphur, wax, jet.
Glass and all vitrifications, tale
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The diamond and all transparent gems.
Ttaw silk, bleached silk, dyed silk.
Wool, hair, feathers.

Dy paper, parchment, and leather.
Air, and all dry gases.

Baked wood, dry vegetable substances.
Porcelain, dry marble.

Some silicious and argillaceous stones.
Camphor, elastic gum, lycopodium.
Mative carbonate of barytes.

Drry chalk, lime, phosphorus.

Iee at 137 of Fahrenheat.

Many transparent erystals when perfectly dry.
Ashes of anmimal bodies.

Ashes of vegetable bodies.

Oils, the heaviest are the best.

Drry metallic oxides.

65. The most perfect non-conductors, conti-
nues Mr, Singer, become conductors by the
accession of moisture; hence the necessity of
preserving them clean and dry during electrical
experiments. Resinous substaneces, raw silk, and
Muscovy tale, are least liable to attract moisture,
and are therefore most useful where perfiect non-
conductors are required,

66. Glass becomes moist on its surface only,
and this moisture may be checked by covering
it with sealing-wax or good varnish. Glass con-
sequently enters most extensively into the strne-
ture of an electrical apparatus; its strength, and
the facility with which it may be procured of any
form, fitting it most admirably for that purpose.

67. Many substances in the preceding list lose
their non-condueting power, and become con-
ductors, when intensely heated. Sach is the case
with red hot glass, melted resin, wax, &c.; but
the most intensely heated air, if unaccompanied
by flame, is not a conductor. Many fibrous
substances attract water so readily, that it is abso-
lutely necessary to dry and warm them before
their non-condueting property appears; this is
particularly the case with paper, flannel, parch-
ment, leather, &e. The influence of heat on this
property is, indeed, very remarkable. It is well
exemphified in the following instance: Wood, in
its natural state, is a conductor; if baked, its
moisture is expelled, but its organisation is not
altered : it iz then a non-conductor. By expo-
sure to a greater heat its volatile elements are dis-
sipated, and its indestructible base (charcoal
replete with alkali) only remains ; this is a con-
duetor ; but if exposed again to heat, with access
of air, it suffers combustion, and is converted
into ashes and gases, which are non-conductors.

68. There does not appear any definite relation
between the chemical characters of bodies and
their conducting powers; for the best conduc-
tors (metals), and the best non-conductors
(resins, sulphur, fc.), are alike inflammable sub-
stances. e produets of combustion, too, are
dissimilar in 'fEis respect : acids and alkalis
conduct electricity, but the metallic oxides do
not. Neither does it appear that specific gra-
vity, hardness, tenacity, or crystalline arrange-
ment of particles, are connected with the power
of electrical transmision ; for similar characters
of this kind are possessed by bodies of hoth
classes. Thus platina, the densest of bodies, is
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a conductor; but so also are charcoal, and rare-
fied air.

69, Whatever be the cause of non-conducting
powar, it is evident that without its existence as
a property of air, and other substances, electrical
phenomena would be unknown ; for, if the faculty
of electrical transmission existed universally, the
cause of every effect of this kind would be dissi-
sated and lost at the moment of its production.

ut, by the property of non-gonductors, any ex-
eited electricity which they surround is Rmaer-.red :
and it is then said to be insulated, support
of glass, sealing-wax, silk, or any non-conductor,
is, for the same reason, called an insulating sup-
port, or an insulator; and a piece of metal or
other conductor, so supported, is named an insu-
lated conductor.

70. The use of insulators and conductors in
practical electricity may be exemplified by very
simple experiments, which, says Mr. Singer, will
form no improper introduction to the consider-
ation of more important apparatus. He gives
the following :—

{1.) Hold a sheet of writing paper before a fire
till it be perfectly dry and warm ; lay it flat upon
a table and rub the upper surface briskly with
Indian rubber. The paper will adhere te the
table, and if lifted up by one corner and pre-
sented quickly to any flat conducting surface, as
the wainscot, &c., will be attracted by and adhere
to it. This adherence is occasioned by the at-
traction of electricity excited on the paper, which
in its dry state is an insulator or non-conductor ;
the necessity of which circumstance to the suc-
cess of the experiment is rendered evident by
the paper falling down as soon as it has attracted
wroisture enough to destroy its insulating pro-
F{!rt:,r, and is further apparent from the impossi-

sility of producing the same results by the
friction of paper in its ordinary state of dry-
ness.

(2.) Repeat the excitation of the paper in a
dark room; when the paper is lifted from the
table by its corner, present the knuckle of the
other hand successively to various parts of its
surface, a series of faint divergent flashes of light
will ensue. ‘This lif_;ht is occasioned by the
transmission of the electricity excited on the
paper to the hand ; and it occurs at every con-
tact, because the non-conducting power of the
paper prevents its transmission from one part of
the surface to another, the effect existing over the
whole portion that has been subjected to fric-
tion.

(3.) Excite the dry sheet of paper as before,
and place it upon an insulating stand, a piece
of apparatus to be described hereafter, present
the knuckle to the edge
plate, and a bright spark will appear; but a
second approach will produce either a very slight
effect, or none that is perceptible ; for the metal
is a conductor, and it transmits the whole effect
of the excited electric at once.  Hence insulated
conductors are employed in the eleetrical ap-
paratus to receive or collect the diffused elec-
tricity of excited bodies, and to apply it to the
purposes of experiment.

T1. It is rather remarkable that the ingenuily
of Mr. Einger did not lead him 1o try the ex-

or under side of the metal -
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periments here detailed with brown, as well as
writing paper. ‘This idea, hpwever, does not
seem to have occurred to writers on the subject
till very recently. When very coarse brown
paper 1s used, the effects Prﬂuﬂ:&d are much
stronger ; nor is there in this case any necessity
for the application of Indian rubber; for if a
piece of coarse brown paper, of about twelve
inches long and six inches hroad, be made very
dry and warm, and then drawn gently three or
four times between the knee and the lower part
of the arm, both being covered with woollen, it
will be found to be highly electrical, and wil
with considerable force adhere to the wainscott-
ing of aroom. If any conducting substance be
applied to it immediately after the friction,
such as the knuckle of the folded hand, or a brass
ball, & strong spark will instantly dart from the

per to it, attended by the usual snapping sound.
o powerful indeed is excited brown paper, when
carefully managed, that a small jar may be
charged with it; and it has been recently pro-
posed as a covering for a circular board to be
used instead of a plate of glass in constructing
a cheap kind of efﬁclrical machine.

PART II.

ON ELECTRICAL APPARATUS.

72. Numerous, extremely beautiful, and de-
licate experiments may be made in electricity
with but a small quantity of apparatus, and that
of a simple form, and at a trifling expense.  Such
an apparatus consists chiefly of a few gluss
tubes, of about an inch in diameter and two or
three feet long; one or two very large sticks of
sealing-wax ; a few pieces of silk, old silk hand-
kerchiefs answer extremely well ; a few pieces of
new flannel ; some wires and balls of different
sizes; and half a dozen small balls made of the
pith of elder.

But, when it is required to exhibit the more
striking and important of the electrical phe-
nomena, we must have recourse to a much more
powerful, complicated, and consequently ex-
pensive apparatus.

73. The principal article, the very fountain,
s0 to speak, of all electrical alplmmms, is what
is commonly denominated the electrical machine;
of the structure of this instrument we have various
accounts in different works on electricity, but as
it is not our intention to swell our pages with a
repetition of what others have said Etf-:-m us on
what is now become obsolete, we shall not put
our readers to the trouble of travelling over an
uninteresting description of apparatus which has
nothing to recommend it but its antiquity.

74. OF the Electrical Machine, there are now
various kinds in use; these, however, may be
classed under two heads, the cylindrical and the
plate machine. HBut before entering on a par-
ticular description of these we feel strongly in-
clined to lay before our readers the following
remarks of DMr. Singer on electrical apparatus i
general.

75. The structure of an electrical apparatus,
says this distinguished electrician, consists in the
judicious arrangement of insulators and condue-
tors, so that the former shall prevent the dissipa-
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uon of the effects the latter are employed to col-
lect or transmit ; 4hus the cap and leaves of the
gold leaf electrometer form a conductor intended
as a test of electrical action; but to fit this con-
ductor for its purpose it is insulated, being sup-
ported on the glass eylinder by which the leaves
are enclosed.

76. When electricity is excited by friction, the

quantity of effect is, within certain limits, pro-
wortioned Lo the extent of the rubbed surface ;
wence it appears that every part of that surface is
concerned in the production of the reneral effect.
Now, that this may be the case, it is essential
that every part of such surface be insulating ; for
friction is a Ewgres:ii‘re process, a succession of
contacts; and the effect produced by it in the
first instant would otherwise be destroyed by
conducting power, before a second operation
could contribute to its increase. For this reason
electricity is most usually excited by the friction
of a conductor of limited size, against the exten-
sive surface of a non-conductor.

77. An apparatus, then, properly arranged for
the excitation of electricity, iz called an elec-
trical machine. To excite positive electricity, a

lass tube, of about an inch in diameter and two
eet long, is generally used; the excitation is
Hmdum:d by rubbing it lengthwise by a piece of

ry oiled silk, held in the hand which 15 made
to grasp the tube. In this way both the silk
and the tube are electrified ; but the electrieity
of the silk is destroyed by the conducting power
of the hand, and that of the tube only appears.
In a similar way negative electricity is procured
by rubbing a large stick of sealing-wax ' with
dry flannel or fur; the electrical power of the
sealing-wax being all that results.

78. Thus, with the most simple machinery,
two processes are EmE'll:::,'e-'l to procure the op-
posite electricities, although they are at the same
time both excited in each; but, to obtain them
both, it would be necessary to insulate the silk,
or flannel, used as rubbers, either by employing
them in a very dry state, rolled up, so as to pro-
duge the friction with one extremity, at a dis-
tance from the hand, or by affixing them to
a glass or other non-conducting support; but
- neither of these methods would be convenient
where many experiments are to be made. This
d:fficulty does not occur when large surfaces of
glass are employed instead of tubes as sources of
exc tation ; for these may be made cirenlar, and
proper friction be communicated to them from
a fixed eushion, placed on an  elastic support,
against which they are made to revolve.

79. We shall here give a brief description of
the two forms of the electrical machine which
are most generally approved of, and shall begin
with the eylindrical machine. In point of power,
the very best kind of cylindrical electrical ma-
chine with which we are acquainted is the im-
proved one, as constructed by the late Mr. Geo.
Adams, of London, an eminent lecturer, and
author of several valuable philosophical works.
This machine is represented in plate T, fig. 1,
Erecrriciry. The parts of the machine, which
fall more immedinth; under our attention are,
(1.) The electric, or the glass cylinder which is to
be excited. (2.) The mechanical contrivances by
which it is put in motion. (3.) The cushion and
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its appendages. (4.) The conductor or conductors.
The glass cylinder of the machine is put in mo-
tion by a simple winch. This is less Liable to be
out of order than those that are turned with a
multiplying wheel, and also enables us to ex-
cite the machine more powerfully. The eylinder,
¥YGHI is suptum:d by two strong perpendi-
cular pieces, D E. The axis of one cap of the
cylinder moves in a small hole at the upper
part of one of the supports. The opposite axis
passes through the upper part of the other
support. To this axis the winch or handle is
fitted. The cushion is supported and insulated by
a glass pillar; the lower part of this pillar 1s
fitted into a wooden socket, to which a regu-
lating screw is adapted, to increase or diminish
the pressure of the cushion against the eylinder.
A piece of silk comes from the under edge of the
cushion, and lies on the cylinder, passing between
it and the cushion, and proceeding till it nearly
meets the collecting points of the conductor.
The more strongly this silk is made to adhere to
the eylinder, the stronger is the degree of exci-
tation. Before the cylinder, or opposite to the
cushion, is a metallic tube, Y Z, supported by a
glass pillar LM. This is called the conduetor,
and sometimes the prime conductor. For the
more conveniently trying experiments with this
machine, and exhib ting the different states of
the cushion and conductor, there are two wires
to be fixed occasionally, the one to the con-
ductor, the other to the cushion; on the upper
part of these are balls furnished with slidin
wires, that they may be set apart from each
other at different distances.

80. It is matter of surprise that this simple
and wvery powerful electrical machine should
have totally escaped the notice of some modern
writers on the subject, who have taken much
pains to deseribe others of far inferior import-
ance. This remark is” equally applicable to
another form of the cylindrical macluine which
is but little known, but which has many good
tgr‘:mliti&s to recommend it to the attention 'of
those who prefer the cylinder to the plate ma-
chine. The prineiple on which this machine, as
well as that just described, is congtructed, is that
adopted by Mr. Nairne ; but whatever of im-
Eu]rm'em&nt it possesses is due, we believe, to Mr.

ywater, author of an excellent little work on
electricity. The following is Mr. Bywater's own
deseription of this machine: AAA A, fig. 2, is
the board on which the supporters and pillars
are erected, and by which t]]?lE machine is made
fast with cramps to a table. BBDB B are two
wooden pillars or supporters, the lower ends of
which are morticed into the board A A A A, and
in the upper ends of which the axis of the cylin-
der CCCC turns. D D is the winch by which
the eylinder is turned on its axis. EE is a piece
of wood, a part of which is slided into a groove
under the board AA AA, and made fast by the
thumb-screw f1 G Gas a glass p llar, which is
fixed to the wood EE, and supports what is
called the negative conductor and rubber HH.
I1 is another piece of wood, part of which is
slided into a similar groove under the board
AAAA, and is made fast by the thumb-screw j.
K K is a glass pillar fixed into the wood 11, and
supports the prime conductor LL ; to this con-
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ductor a number of metallic points are attached,
to collect the electric fluid which flows on the
surfuce of the cylinder. M M is a rod of brass
inserted in the prime eonductor, having a joint
by which it may be raised or lowered, to suit the
height of the apparatus; this rod is a most use-
ful appendage to the prime conductor. To the
upper part of the rubber a piece of black silk is
attached, which proceeds from thenee over the
top of the cylinder, to within about half an inch
of the points of the wires inserted in the prime
conductor; by which means the fluid that is
brought into action by the attrition of the eylin-
der and rubber is prevented from being dissi-
pated in the air, and carried round with the
cylinder to the prime conductor. The action of
the silk on the eylinder tends very much to in-
crease the excitation of the machime, as may be
seen by removing the cushion a little back from
the cylinder, and leaving the silk to act upon it
alone, in which case the excitation will often be
found to be scarcely less than when the rubber is
also in contact with the cylinder.

81. The plate machine, like the ecylindrical,
has had a few varieties introduced into its con-
struction at different times. The largest speci-
men of this instrument is that which was con-
structed by Mr. Cuthbertson, for Tyler's museum,
at Haarlem. The following will convey to the
reader’s mind some idea of the powers of this
immense machine ; and its construction will be
readily understood by the description which we
shall add of the most improved form of the in-
strament. It consists of two cirenlar plates of
glass, each sixty-five inches in diameter, and
made to turn upon the same horizontal axis, at
the distance of seven inches and a half from one
another.  These plates are excited by eight
rubbers, each fifteen inches and a half long.
Both sides of the plates are eovered with a re-
sinous substance to the distance of sixteen inches
and a half from the centre, both to render the
plates stronger, and likewise to prevent any of
the electricity from being carried off by the
axis. The prime conductor consists of several
Eilzces and 15 supported by three glass pillars,

fty-seven inches in length. The plates are
made of French glass, as this is found to pro-
duce the greatest quantity of the electricity next
to English flint, which could not be produced of
sufficient size. The conductor is divided into
branches which enter between the plates, but
collect the fluid by points only from one side of
the plate. The force of two men was required
to work this machine; but when it is required
to be put in action for any length of time, four
are necessary. At its first construction nine bat-
teries were applied to it, each having fifteen jars,
every one of which contained about a foot square
of coated glass; so that the grand battery, formed
by the combination of all these, contained 135
square feet. The effects of this machine are
astonishing : but Dr. Van Marum, who prinei-
pally made experiments with it, imagining that
it was still capable of charging an additional
quantity of coated glass, afterwards added to it
ninety jars of the same size with the former; so
that it now contains a coated surface of 225
feet, and the effects are found to be propor-
tionable.
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82. The principal abjection to the plate ma-
chine has hitherto been the difficulty of insulat-
ing for the purpose of producing negative
electricity. 'This objection is now removed ;
and, by using the machine as constructed by
Mr. Cuthbertson, both kinds of electricity are
produced with ease. The following description
of this beautiful and powerful instrument is given
by Dr. Brewster in the Appendix to his new edi-
tion of Ferguson’s Essays. Fig. 3 is a repre-
sentation of this machine : A B i3 a circular dise
of plate glass, supported upon an horizontal axis,
the ends of which rest upon two upright pillars
EF. By turning the winch or handle, W, a rota-
tory motion isgiven to the plate, which is excited
by tworubbers X, Y, fixed at the npgosite ends of
a diameter of the cirele. Each rubber consists
of two cushions, which embrace the outer mar-
%ill of the glass plate, as shown in the figure.

‘he conductor, which is made of brass, is shown
at C D, and it is attached to the upright pillar E
by the glass rod R. To the right ’nandu C, and
above B, are seen the points for the receivi
the electricity from the machine. From eac
rubber there proceeds to within a little of the
points, a flap or double piece of oiled silk, which
prevents the dissipation of the electricity.

As it is difficult to insulate the rubbers of the
plate glass machine, without giving it an unseemly
appearance, Mr. Cuthbertson introduced the
practice of insulating the whole machine by the
glass supports G, H, I, K, so that negative elec-
tricity can thus be obtained as easily as positive.

83. The cylindrical machine, however, being
at present in more common use than the plate
machine, it is hoped the following remarks may
be of use to those who possess such an instru-
ment, and particularly to such as may be dis-
posed to provide themselves with it for the sake
of economy. A cylindrical electrical machine
ought never to be less than ten inches in diame-
ter; there are cylinders of six, seven, eight, and
nine inches diameter, often neatly mounted, and
sold by the philosophical instrument makers, but
they are of no manner of use for the purpose of
experiment, and serve only as a kind of philoso-
phieal toy, for the amusément of children, and
that too on a very narrow scale, To construet
such machines, therefore, is an absolute waste of
the materials. With a cylinder of ten inches, pro-
perly managed, a tolerable exhibition may be
made, but the most convenient size iz from
twelve to sixteen, the length of the cylinder be-
ing in proportion.

84. The most powerful excitation of the ma-
chine is Y‘uduce as follows :-~Let the machine
be placed within the influence of a good fire, but
not 5o near as to injure any of its parts by the
action of the heat. With a flat round pointed
knife spread a little amalgam evenly along the
cushion, and retum it to its place : turn the cy-
linder a few times round: then take off the
cushion, and observe carefully those parts on its
sirface that have not been touched by the cylin-
der while revolving; on these parts put a little
more amalgam, and repeat the process of turning
the cylinder, and supplying the defective parts
with amalgam, till every point of that part of the
surface of the cushion which presses on the ey-
linder appears to be properly supplied with
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amalgam. Take now a piece of leather about
five or six inches square, and spread over ome
side of it a quantity of amalgam ; throw back the
silk flap, and, turmog the machine gently round,
apply the amalgam side of the leather to the
cylinder for the space of two minutes or more,
as eircumstances may require, during which time
the excitation will be observed to increase ra-
L}id!y. The cylinder must next be wiped per-
fectly clean with an old silk handkerchief, and
afterwards with a soft dry linen cloth.  Let the
cushion be again removed ; and the amalgam
which n&pm.rs above and below the line of con-
tact with the cylinder carefully scraped off,
the silk flap wiped with a linen cloth, and the
whole returned to its place and made fast. If
now the cylinder be turned slowly round, streams
of the electric fluid will be seen rushing from the
silk flap round the lower part of the cylinder, at-
tended with a hissing and snapping noise, while
large brushes of the same, of several inches in
length, may be observed flying off from the lower
edge of the silk into the surrounding air.  The
machine is now fit for use, and may be fastened
to the table, after which the whole of its parts are
to be well wiped with a warm and dry linen cloth
to free them from dust.

85. The operator, however, must not expect
this high and rich state of excitation to be of long
duration. The cylinder will soon cool; dust
will be attracted by the action of the machine ;
and the moisture produced in the air of the room
by the breath of his audience, will, by their
united efiects, render all his efforts to produce a
copious supply of electricity entirely fruitless.

86, To remedy this defect, which gentlemen
who deliver public lectures on electricity have
often found to be a grievous one, provide a box
of thin plate iron, ten or twelve inches long, four
inches wide, and one inch and a half in depth,
with a lid to fit very easily over it. In this II;ax
a piece of bar iron of about six inches in length,
three in breadth, and half an inch in thickness,
after being heated in the fire to a dull red heat is
to be placed, the lid of the box put on, and the
whole, on a suitable iron stand, placed under the
cylinder, on the board of the machine in a longi-
tudinal direction. The radiation of heat from the
iron will effectually preserve the equality of the
t&rn]{]erature of the surrounding air for a consi-
derable length of time, and indeed for any length
of time required, since, by employing two bars of
iron, the one may be kept in the fire while the
other is in the box, and thus no other interrup-
tion in the course of the experiments will be ne-
cessary beyond what is oceasioned by the chang-
ing of the wons. By this medns the machine may
be made to act in full vigor under the most dis-
advantageous circumstances.

87. Dr. Brewster mentions a method used by
Mr. Ronalds of aiding the excitation of the ma-
chine, which he represents as being attended with
the greatest advantages.  Ile thus describes it :
In the eylinder machine, the rubber is placed in
front of a half eylinder of copper, which commu-
nicates with nmrrer pipe, that serves for the
support of the mbber. A very small spirit-lamp,
whose burner consists of only one thread of cot-
ton, is placed immediately beneath the mouth or
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lower end of the copper pipe, so as to keep the
rubber and the parts adjacent to it always hot and
dry. Besides this contnivance, Mr. Ronalds places
his prime conductor upon a glass HLT r, s0
that a similar spirit-lamp may be plac low it
in order to convey heat to its interior.

Mr. Ronalds remarks, that a eylinder machine
thus constructed, of half the dimensions of one
made upon the usual plan, is highly and perma-
nently effective. The same principle may easily
b :qL}[p]iL-d to plate machines. The heat is sup-
posed to assist the excitement by promoting the
oxidation of the amalgam.

88. This method may certainly, in some de-
gree, prove beneficial 3 but itwill be found to be
in many respects inferior to the simple method
above mentioned. In the first place, the radia-
tion of heat will be neither so general nor so
great; in the second place, the flame-of a lamp or
a candle absorbs the fluid ; and in the third place,
the light, which must necessarily be emitted from
two spirit-lamps, would prove highly detrimental
to the effect of those experiments which require
o be performed in darkness. To which may be
added, the expense of the lamps, and the spirit
to be consumed.

89. Where a plate machine of large dimen-
sions is used, this additional article will not be
required ; for the great thickness of the glass
renders it capable of retaining the heat much
longer than can be done by a tﬁ'm cylinder; for
which reason it must be obvious that, if cylin-
ders were made much stronger than they gene-
rally are, their action would be effectual for a
greater length of time than it is. Opinion, how-
ever, runs in favor of thin cylinders, but the
consistency of such opinion remains to be
shown. It is well known that the old globular
machines, which were made of thick glass, when
once put in a state of powerful excitation, retain
that state much longer than the modern thin

linder will do under the same circumstances.

90. The following directions for preparing the
amalgam for electrical machines are given by Mr.
Singer, in his treatise, already mentioned. Melt
in an iron ladle two ounces of zine with one
ounce of tin, and, while this mixture is in a fluid
state, pour into it six ounces of mercury ; let the
whole be then put into an iron or wooden box,
and agitated until it be quite cold. Tt must then
be reduced to fine powder in a mortar, and
mixed with sweet hogs' lard to the consistence
of thick paste. This part of the process need
not be performed till the amalgam 1s wanted for
use, is amalgam, be remarks, answers ex-
ceedingly well, but, he afterwards adds, 1 have
since made it with a still less proportion of
mercury with equal effect. The proportions
may be two ounces of tin, four ounces of zine
and seven ounces of mercury. The mercury
must be heated to about 300° Fahrenheit, before
the fused metals are added to it. When thy
amalgam has been agitated until cool, and finely
powdered, it is to be mixed with hogs'-lard be
trituration in 2 mortar; and should it at an
time become hard, more lard must be adde
and the trituration be repeated.

91, The application of the electrical apparatos
to the purpose of experiment will afford the best
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illustration of its subordinate parts; and, in
adopting this plan, we shall be enabled to give
such an arranged view of the chief properties of
the electrical fluid as may be of service i aiding
the inexperienced electrician in making an or-
derly display, instead of a series of experiments
which have no regular connexion, and in which
sometimes one property, and sometimes another,
is illustrated. We shall commence with some
observations on the action of the machine iwself,
and for these we must acknowledge our obliga-
tion to Mr. Singer.

82. The machine being prepared according to
tie directions already given, and the cushion

cossed moderately against the cylinder by the

tion of its adjusting screw, it may be put in
.otion, and the following phenomena will be
observed. 1. Distinet lines of light, accompa-
nied by lateral seintillations, pass from one con-
ductor to the other, across that part of the cy-
linder which is not covered by the silk flap;
these are called electrical sparks. 2. Bright
sparks pass between either of the conductors and
the knuckle, or any smooth uninsulated sub-
stance presented 1o lfll.'ll’l at a moderate distance ;
and if received on the knuckle, or any part of the
hﬂd_y, pmtr]m:-e a painful sensation. 3. These
effects are more distinet, and the sparks from
each conductor stronger, when they are taken
from both at the same time. 4. The power of
the spark from either the positive or negative
conductor, singly, will reach its maximum when
the opposite conductor is uninsulated, by sus-
pending a chain or wire from it to the ground.
5. If the two conductors are connected by a
wire, or other conducting substance, the most
vigorous friction of the cylinder will not elec-
trify either. 6. If, instead of a wire, the con-
ductors are connected by a silk string on which
a number of shot or metal beads are strung, at
the distance of a twentieth of an inch from
each other, a series of bright sparks will fpm
between the beads as long as the turning of the
machine is continued. It must be remembered,
that the conductor to which the cushion is fixed
shows the electrical phenomena of the cushion,
and the opposite conductor, that of the electri-
city of the glass cylinder; hence the observation
of their phenomena is properly an observation
of the circumstances that occur in all cases when
electricity is excited by friction.

93. On these very beautiful phenoriena,
Mr. Singer makes me%ﬂowing judicions obser-
vations. The first and second phenomena seem
to show that the cause of electricity is corporeal ;
for sensation is affected by it, and a mechanical
impulse experienced, which it is difficult to as-
scribe to any other than a material cause. The
third phenomenon proves that there is a mutual
action between the electricities excited in the
opposite conductors; since their effects are more
powerful when directed at the same time to one
conducting body. The fourth phenomenon shows
that the same relation which is observed between
the opposite electrified conductors exists also
between either of them and the ground, but in o
different degree. By the fifth phenomenon it is
seen that positive and negative electricity, if
excited to the same extent, and united by con-
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ducting matter, exhibit no electrical phenomena,
The sixth phenomenon is observed to show tha
when the conductors are connected, the machine
continues to excite electricity, but is prevented
from displaying it by their mutual contact.

94. From these appearances the fullowing ex-
lanation of electrical phenomena may be de-
uced :—1st. The cause of electrical phenomena

is material, and possesses most of the properties
of an elastic fluid. 2. This electrie fluid attracts
and is attracted by all other matter, and, in con-
sequence of such attraction, exists in all known
substances. 3d. The attraction of different
bodies for the electric fluid is various, so also is
that of the same body under different circum-
stanees, consequently the quantity of electricity
naturally exisung in different substances may
be unequal ; and the same body may attract
more or less than if alone, when combined with
other matter : but its original attraction will he
réstored by destroying the artificial combination,
4th. From some peculiarity in the nature of
the electrie fluid, its attraction for common mat-
ter is more influenced by figure than by sub-
stance; and consequently is stronger in extensive
than in limited surfaces. 5th. From this peeu-
liarity, it moves with great facility over the
surface, or through the substance of some bodies,
and is arrested in its progress by others, Gth.
When the attraction of any substance for elec-
tricity is equal to the electric fluid it contains,
that substance will evince no electrical signs;
but these are produced when there is either
more or less electricity than s adequate to the
saturation of the existing attraction: if there be
more, the signs will be positive; if less, they
will be negative.

95. Electrical excitation then, may be thus
effected :—The bodies employed have each a
certain quantity of the electric fluid proportioned
to their natural attraction for it ; this they retain,
and appear unelectrified so long as they remain
in their natural state.  And, if two such bodies
are brought in contact, their natural attractions
will be altered, one of them attracting more than
in its separate state, and the other less; the
electrie fluid thus diffusses itself amongst them in
guantities proportioned to their relative attric-
tions, and hence they appear unelectrified. But
if they are suddenly separated, the new distribu-
tion of the electric Huid remains, whilst the ori-
ginal attractions are restored,and as these are not
equal to each other the bodies will appear elec-
trical ; that of which the natural attraction was
mereased by contact, having received an addition
to its quantity of electric fluid, will be positively
electrified ; and the other will be negative.

Arrraction axp Repvisiox.

06. The motion of light bodies produced by elec-
tricity, is usually called attraction and repulsion,
and is occasioned by the mutual attraction existing
between the electric fluid and common matter.
In practical electricity there are numerous me-
thods of illustrating this motion ; the following
are some of the principal.

{1). Fix at the end of the prime conductor a
knobbed rod, and hang on it two small pith-
balls, suspended by threads of equal length, The
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balls will now touch one another, the threads
hanging perpendicularly, and parallel to each
other. But if the cylinder of the machine be
turned, by turning the winch, then the pith balls
will repel one another, more or less according as
the electricity is more or less powerful. If the
electrometer be hung to a prime conductor ne-

ively electrified, 1. e. connected with the insu-
lated rubber of the machine, the balls will also re-
pel each other.  1f; in this state of repulsion, the
l;urime conductor is touched with some conduct-
ing substance not insulated, the pith balls will
immediately come together. DBut if, instead of
the conducting substance, the prime conductor
is touched with an electric, as a stick of sealing
wax, a piece of glass, &c., then the pith balls will
continue to repel each other ; because the elec-
tric fluid cannot be conducted through that
electric.

(2.) Take a small downy feather or a pith ball
suspended by a thread, and, holding the thread,
bring the ball near an electrified conductor, either
positive or negative : the ball will be attracted by
the electrified conductor, and adhere to it, untl
its electricity is destroyed.

Suchbodies asare positively electrified, tend to
diffuse their superabundant fluid amongst sur-
rounding substances ; and those that are negative,
endeavour to acquire electric fluid: hence,
either state of electricity will produce attraction ;
for if light bodies are to be moved, it is indiffe-
rent whether the electrified surface attracts their
natural electric fluid, or the matter to which it
is attached ; for the attraction arizes only from
the different proportions of these in any two
bodies, and will of course continue whilst that dif-
ference exists. i

(3.) Repeat the preceding experiment with a
ball or feather supported by a silk thread : the
light body will first be atiracted to the electrified
conducior, and will then recede from it ; nor can
it again be brought in contact until it has touched
some conducting substance. Mr. Singer thus
explains the cause of this:—The light body is
here attracted for the same reason as before, but
it is insulated, and consequently receives, by
contact with the electrified surface, a similar
electric state ; it therefore recedes from that sur-
face, being attracted by the ambient air, or other
surrpunding bodies; for they have their natural

rtion of electricity, and therefore differ from
the light body, which has either more or less;
but the electrified surface does not differ from
the light body, and consequently cannot attract
it, till, by touching some conductor, its natural
electric state i3 restored.

(4.) The following is a very pleasing variety
of the last-mentioned experiment.—Take a glass
tube, whether smooth or rough is not material,
and, after having rubbed it, let a small light
feather be let out of your fingers at the distance
of about eight or nine inches from it.  This fea-
ther will be immutli:tlely attracted I}J.r the tube,
and will stick very close to its surface for about
two or three seconds, and sometimes longer;
after which it will be repelled ; and, if the tube
be kept under it, the feather will continue float-
ing in the air at a considerable distance from
the tube, without coming near it again, except
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it first touch some conducting substance ; and,
if the tube be managed dexterously, you may
drive the feather through the room at pleasure.
This experiment ma varied as follows: A
person may hold in his hand an excited tube of
smooth glass, and another may hold an excited
rough glass tube, a stick of sealing-wax, or any
other electric negatively electrified, at about one
foot and a half distance from the smooth glass
tube ; a feather now may be let go between these
two differently excited electrics, and it will leap
alternately from one electric to the other.

(5.) Place a leaf of gold, silver, or other
metal, on the palm of the hand, and bring it
within a few inches of an electrified conductor ;
it will be attracted and continue to move, alter-
nately from the hand to the conduetor, as long
as the latter is electrified.

(6.) Suspend from the conductor, by a brass
chain, a circular plate of copper, reaching to
within an inch and a half or two inches of
the table.  Directly under this plate place ano-
ther of the same form, and a iiitﬁa larger, on the
table. Turn the machine, and the fluid will pass
from the upper to the lower plate. If now small
figures cut out of pasteboard, or pith of elder,
be introduced between the plates, they will
dance about with apparent vivacity, and some-
times appear to course round the edge of the
};:-wcr plate. This experiment is represented by

o, d,

(7.) The electrical bells furnish a pleasing
illustration of the attraction and repulsion of the
electric matter. They are variously constructed,
but the form exhibited fig. 5 is the simplest.
The two outer bells are suspended by brass
chains ; the middle bell and the two clappers
by fine silk threads. When the bells are attached
to the conductor, and the machine is turned very
gently, the fiuid will pass along the chains to
the two outer bells, but will not pass along the
silk to the clappers and middle bell. Thus the
outer bells being charged with an extra quantity
of fluid will attract the clappers, but the moment
they touch the bells they become charged, and
are repelled with such force as to cause them to
strike against the middle bell, on which they de-

it their electricity, and are again attracted.

iy this means a constant ringing is kept up
while the machine is turned. Trom the inside
of the middle bell a brass chain passes to the
table, for the purpose of conveying away the fluid
deposited on it by the clappers. A more ele-
gant form of the electrical bells is thus made :—
Fix eight bells near the edge of a circular board
supported on four feet, fig. 6, having a glass
illar ¢, in the centre, terminated by a point g.

n this point place the pointed wires used
the last experiment, hanging from one of them,
as d, a small glass elapper by a silken thread;
and connecting the apparatus by a chain A, pro-
ceeding from the prime conductor. On setting
the machine in motion, the wire will move roand,
and the clapper ring the bells.

(8.) Place a pointed wire on the machine, elee-
trify the inside of a dry glass tumbler by holding
it over the wire whilst the machine is in motion;
place some pith balls on the wble and cover
ihem with the electrified glass; they will be
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alternately attracted by it and the table,and con-
tinue their motion for some time, See fiz. 7. An
instrument is constructed on purpose for this
experiment, by which the dancing of the balls
may be kept up for any length of time, as it may
be connected with the conductor.

(9.) Insulate a circular ring of brass so as to
stand about an inch and a half from the flat sur-
face of a table; connect the brass ring with
the conductor of the electrical machine, and
place within it on the table, a very light and
round glass ball of two inches diameter ; the ball
will be attracted by the ring, touch it, and be-
come electrified at the point of contact; this
point will then recede and be attracted by the
table, whilst another part of the ball is attracted
by the ring ; and, by the repetition of this pro-
cess, the ball is made to revolve and travel round
the circumference of the ring.

(10.) Fasten a small piece of sealing-wax on the
end of a wire, and set fire to it. Then put the
electrical machine in motion, and present the
wax, just blown out, at the distance of a few
inches from the prime conductor. A number of
very fine filaments will immediately dart from the
sealing-wax to the conductor, on which they
will be condensed into a kind of net-work, re-
sembling wool.

If the wire with the sealing-wax be fixed into
one of the holes of the conductor, and a piece of
paper be presented at a moderate distanee to the
wix, just after it has been ignited, on putting the
machine in motion, a net-work of wax will be
formed on the paper.

If the paper on which the wax is thus re-
ceived be gently warmed, by holding the back
of it near the fire, the wax will adhere to if,
and thus the result of the experiment will he
rendered permanent. A remarkably fine ex-
periment of the same kind may be made with
camphor. Let a silver spoon containing a piece
of lighted camphor be made to communicate
with an electrified body, as the prime conductor
of & machine; while the conductor continues
electrified, by keeping the machine in motion,
the camphor will throw out numerous ramifi-
cations, and appear to shoot like a vegetable,

(11.) Take about a dozen of flaxen threads and
tie them together at top and bottom ; annex
them to the conductor of the electrical machine;
when electrified the threads will separate from
each other, and the knot at the bottom rising
they will assume a spheroidal figare, which
will continue 2z long as they are electrified.

(12.) The following experiment we give as
being one of the earliest made by Dr. Franklin
in illustration of the principle of attraction and
repulsion.  Fig, 8 represents an electric jar,
having a wire CD E fastened on its outside,
which is bent so as to have its knob E as high
as the knob A. A is a spider made of cork,
with a few short threads run through it to
represent its legs. It is fastened at the end of
a silk thread, proceeding from the ceiling of the
room, or from any other support, so that it ma
hang mid-way between the two knobs A and E,
when the jar is not charged, Let the place of
the jar upon the table he marked ; then charge
the jar, by bringing its knob A in contact with
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the prime conductor, and replace it in its marked

lace. The spider will now begin to move from

nob to knob, and continue this motion for a
considerable time, sometimes for several hours,
The inside of the jar being charged positively,
the spider is attracted by the knob A, which
communicates to it a small quantity of elec-
tricity ; the spider then becoming possessed of
the same electricity with the knob A, is repelled
by it, and runs to the knob E, where it dis-
charges its electricity, and is then attracted by
the knob A, and so on. Thus the jar is grad-
ually discharged ; and, when the discharge is
nearly completed, the spider finishes its motion.

Errect oF Porsts ox e Frecrric Frvip,

97. The facility with which pointed bodies
transmit electricity has given rise to several
very delicate and beautiful experiments on the
electrical apparatus, of which the following are
the most deserving of attention.

(1.) The Electricel Fiies,—Theseflies are com-
posed of small brass wires, fig. 9, fixed into a
cap of brass, easily moveable upon an axis of the
same metal, and exactly balanced, so that they
may turn with the smallest force. The ends,
which ought to be very sharp, are all bent one
way, with regard 1o one another, as those be-
longing to a, b, in the figure ; though the two
sets of points, constituting the two Hies there
represented, are contrary to each other ; so that
the whole flies must have a contrary motion,
Fixing the axle with the two flies upon the prime
conductor, and working the machine, both will
begin to turn very swiftly, each in a direction
contrary to that of the points. In this manner,
with & powerful machine, several flies may be
made to turn either in the same or in contrary di-
rections ; and by their gradual increase or de-
crease in size may represent a cone or other
figure ; for the course of each will be marked
by a line of fire, and thus the whole will exhibit
a beautiful appearance in the dark. The light
is more brilhant when the ends are slightly co-
vered with sealing-wax, grease, or other electric
matter. The flies, in this experiment, turn the
same way whether the electricity be positive or
negative; the reason of which is that in pesitive
electricity the fluid issues from the body electri-
fied, and that in negative electricity it enters into
it. Im the former case, the recoil of the fluid,
which acts equally on the air and on the point
from whence it issues, must continually urge
the point the contrary way; and in negative
electricity, when the point solicits a continual
draught of electric matter from the air, the direct
impulse of the former muost also produce a
motion in the point in the course in which the
fluid itself moves. In vacuo no motion is. pro-
duced ; becanse there is no air on which the
fluid may act when it issues from the point.

(2. The Electrical Ovrery, fig. 10,15 another
instrument frequently used for showing the
effect of points in the transmission of the elee-
tric fluid. The principle of its action is this:
the ball 8 represents 11]13 sun, E the earth, and
M the moon, connected by wires ac and bd; b
is the centre of gravity between the earth and
moon, These three balls and their connecting
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WIFES are Imng anid Hup[ﬂlltﬂd on the s?mr[.- Pniut
of a wire A, which is stuck upright in the prime
conductor B of the electrical machine ; the earth
and moon hanging upon the sl point of the
wire ca e, in which wire is a pointed short pin,
sticking out horizontally at ¢; and there is just
such another pin at d, sticking out in the same
manner, in the wire that connects the earth and
the moon.

When the cylinder of the electrical machine
is turned, these balls and wires are electrified ;
and the electrical fire, flying off horizontally
from the points ¢ and d, causes S and E to move
round their common centre of gravity ¢, and B
and M to move round their common centre of
gravity b. And as E and M are light, when
compared with 3 and E, there is much less fric-
tion on the point b, than 8 and E make about
the point a. The weights of the balls may be
adjusted so, that E and M may go twelve times
round b, in the time that S5 and E go once
round a.

(3.) The Electrical Inclined Plane affords
another and a still more beantiful illustration of
the same thing, showing also that a siream of
the eleciric matter issuing from Paints pos-
sesses force sufficient to counteract the power of
gravitation in light bodies, Fig. 11 represents
the inclined plane, where A is a board of ma-
hogany, fourteen inches long and four inches
broad; BBBB are four glass pillars, three-
tenths of an inch in thickness; the length of the
two longer is seven inches, and that of the two
shorter is five inches.

From the longer to the shorter pillars are
stretched two fine brass wires, parallel to each
other, and tightened by serews which pass
through the brass balls which surmount the pl-
lars. On these wires the axis of the fly C rests,
the ends of whichare formed like a small pulley,
having a groove in them to prevent their sh
ping off the wires, and to guide the fly when m
action. It iz obvious that, if the fly be placed
on the upper part of the wires, it will roll down
them by its own gravity ; but when it has reached
the bottom of the plane, if the upper end of the
wires be -::mnemall with the machine while in
action, the escape of the fluid from the points
will cause it to roll very rapidly up the plane
till it reach the top of it. e3¢ experiments
may be varied to a great extent, and models of
corn-mills, water-pumps, astronomical clocks,
&e., constructed of cork and pasteboard, are
readily put in action by directing against their
main wheels a stream of eleetricity from a strong

inted wire inserted into the prime conductor.

(4.) By a fine fAaxen thread attach a large
downy feather to the prime conductor of the
machine ; turn the cylinder gently round, and
the fibres of the feather will repel each other;
approach it with a brass ball, or with the closed
hand, and it will endeavour to turn itself 1o-
wards the ball or hand ; but present a pointed
wire to it, and it will instantly shrink from it
back on the conductor, as if animated, which
arises from its being suddenly deprived of its
electricity by the point. This experiment may
be varied by inserting the brass stem of fig. 12,
into one of the holes in the prime conductor.
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The action of the machine will cause the hairs
on the head to diverge from each other, and 10
stand on end.

98. Such, says Mr. Singer, are the prineipal
phenomena of motion produced by the action of
electricity; they are susceptible of almost un-
limited variety, but uniformly result from the
simples already stated, namely, the attraction
of the electric fluid for common matter, its
tendency to equal diffusion; and the occasional
interruption of these properties by non-con-
dueting power and altered force of attraction.

Luvsmivovs Exmimimion or Erecrniciry.

90. It may be necessary to observe here that
all experiments made for the purpose of dis-
playing the hrillia::g of the electric matter, in
passing from one conducting substance to another,
should be made in a darkened room, as the pre-
sence of either natural or artificial light robs
them of more than half of their beauty. The
articles of apparatus, too, must be all free from
dust, and perfectly dry, besides being a little
warm, otherwise the effect expected will not re-
sult; we think it particalarly necessary to ob-
serve that in any experiment requiring the ex-
haustion of glass vessels the above precautions
are peculiarly needful, as we have seen some of
the following experiments utterly fail in the
hands of public lecturers merely from inattention
to them.

100. To render the electrical fluid luminous
it must be collected in considerable guantities,
and the brilliancy of the display will depend on
the particular configuration of the conducting
surface over which it is made to pass. The
light evolved in ordinary cases, says Mr. Singer,
extends only to faint flashes and scintillations,
sparks being only produced when these effects
are concentrated, as they are in the electrical
machine by the action of its conductors.

101. There are three circumstances that influ-
ence the electric spark in its passage from one
conductor to another, namely, the form of the
conductors, their extent, and the nature and
density of the medium through which the spark
passes. The following remarks on these three
circumstances we give nearly in Mr. Singer’s
own words.

102, The distribution of electricity on con-
duetors has but little relation to their solid con-
tents, and depends almost entirely on extent of
surface, for the same effects are produced by the
thinnest cylinder or sphere of metal as by the
most compact solid body of the same form and
dimensions ; it is probable that the action of in-
sulated conductors consists in the ready commu-
nication of their electrie state to the contiguous
surface of the extensive stratum of air by which
they are surrounded, and to the facility they pre-
sent to the discharge of that electrified stratum
when an uninsulated or differently electrified
body is brought near them; for every positively
electrified conductor is surrounded by a positive
atmosphere, and every negative conductor with
a negative atmosphere whose densitics aecrease
as the square of their increased distance. Hence
any insulated electrified body will retain its elec-
trical state until its intepsity is sufficient to
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overcome the resistance of the air, and the
greater or less interval through which the spark
passes is called the striking distance.

103. When the surface of the conductor is
uniform, the re-action of the air around it 15 also
uniform; but if the surface of the conductor be
irregular, the tendency of the electric flud to
escape or enter it will be greatest at the most
prominent parts, and most of all when these
are angular or pointed. To understand this it is
only necessary to recolleet that every electrified
conductor is surrounded by an atmosphere of its
own figure, the contiguous surface of which is
similarly electrified: and that electricity is not
transmitted through air, but by the motion of its
particles.

104. For this motion of particles is resisted
by a uniform surface from the similar action of
the air around it, which is all equally capable
of receving electricity, and cannot tend to dis-
tribute it in one direction more than another;
the immediate electrical atmosphere of the con-
ductor will be therefore resisted in any attempt
to recede from it by a column of air which is
equally opposed in every part; but if there be
any prominent point on the conductor projecting
into the atmosphere, it will facilitate the re-
cession of the electrified particles opposite to it
by removing them farther from the electrified
surface, and opposing them to a greater number
of such as are unelectrified.

105. The action then, of bodies that are
pointed or angular, appears to consist in promo-
ting the recession of the particles of electrified
air, by qu'uding a part of the electrical atmos-
phere of the conductor into a situation more ex-
posed to the action of the ambient unelectrified
medium, and thereby producing a currént of air
from the electrified point to the nearest uninsu-
lating body. Hence the most prominent and the
most pointed bodies are such as transmit electri-
city with the greatest facility, for with them this
condition is most perfectly obtained.

106. A spherical surface is that which, con-
sidered with regard to its surrounding atmosphere,
is most uniform; hence balls, or eylinders, with
rounded ends, are naturally employed for insu-
lated eonductors, and their magnitude is propor-
tioned to the intensity of the electrical state the
are intended to retain; for a point is but a ball
of indefinite diameter, and will act as such on
very small quantities of electricity; and a ball
of moderate size may also be made to actas a
point by electrifying it strongly.

107, If two spheres of equal size are con-
nected together by a long wire and electrified,
their atmospheres will extend 1o the same dis-
tanece, and t ey will of course have respectively
the same intensity; but if the spheres be of un-
equal size, the atmosphere of the smallest will
extend furthest, and it will necessarily have the
greatest intensity ; so that a longer spark can be
drawn from a small ball annexed to the side of
a conductor than from the conductor itself, and
longer in proportion as the ball projects farther
from the side. Hence the finer the point, and
the more freely it projects bevond any part of
the conductor to which it is annexed, the more
ranidly will it receive or transmit electricity.
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108. Let, for example, a fine point e fixed
in the axis of a large brass ball, from beneath
the surface of which it may be protruded more
or less by the action of a line screw, the effect
of a ball of any size may be obtained ; when
beneath the surface of the ball the peint does not
act, but in proportion as it is protruded it in-
creases the transmitting power, and, if projected
far enough, at length entirely overcomes the in-
fluence of the ball.

109, The same writer gives the following ex-
periments, among others, for illustrating the in-
Huence of the form and extent of the conductor
on the Appearancs of the electric spark.

(1.) Present a brass ball of about three inches
in diameter to the positive conductor of a pow-
erful electrical mnc]!line ; sparks of brilliant white
light will pass between them, accompanied by a
lond snapping noise: to produce these sparks in
rapid succession the ball must be brought near
the conductor, and they then appear perfectly
straight.

(2.) Annex aball of an inch and a half or two
inches diameter to the conductor, so as to project
three or four inches from it; present the large
ball to this, and much longer sparks will be ob-
tained than from the conductor itself, but they
will be less brilliant and of a zigzag form.

(3.) Substitute a small ball for that used in the
former experiment; the fuid will now pass to a
greater distance, but in the form of a divided
brush of rays, faintly luminous, and producing
little noise; this brush will even oecur with
larger balls, if the machine be very powerful ; it
is most perfect when procured by presenting a
flat imperfect conductor. as a piece of wood or

aper.
: P‘i} Whilst a current of sparks is passing be-
tween a large ball and the conductor, Tmﬁ&ni, at
the distance of about aninch and a half, a shar

oint at double that distance, and the spacks will
immediately cease, the electric matter being
silently drawn off by the point.

110. The brilliancy of the electric spark is
always in proportion to the conducting power of
the bodies llz;utwwn which it passes ; hence metals
are almost exclusively employed forthis purpose,
as wood and other imperfect conductors produce
only faint red streams; yet these substances act
as points with some efficacy, and the particles
of dust which collect around the apparstus are
often troublesome to electricians from the same
cause.

111. The nature and density of the medium
through which the electric spar{. passes has also
a powerful influence on its character. Dr. Watson
seems to have been the first who made experi-
ments on this $u|]j|3;ct; these he conducted on a
very large seale, and he describes the results as
having been very beautiful; they will be noticed
in another part of this article.

112. The following is a description of the sim-
ple apparatus used by Mr. Singer for showing
the effect of different gaseous mediums on the
passage of electricity. It consists of a glass
globe, fig. 1, plate IL., of about four inches dia-
meter, having two necks capped with brass ; to
one of the necks a :.'Lup-cuclc 15 screwEd, with a
wire and ball firojecting into the globe ; another
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ball is ettached toa wire that slides through a
collar of leathers screwed to the opposite cap, s0
that the balls may be set at any required dis-
tance from each other within the globe. This
apparatus may be exhausted by connecting the
stop-cock with an air-pump, and various gases
may be introduced into it, or the air it contains
may be rarefied or condensed, and the effect of
these processes on the form of the spark exa-
mined. In condensed air the light is white and
brilliant; in rarefied air, divided and faint; and
in highly rarefied air, of a dilute red or purple
color. The effect of gases seems to be propor-
tioned to their density; in earbonic acid gas the
spark is white and vivid, in hydrogen gas it is
red and faint.

113. The brilliancy of the eleetric spark seems
to be in proportion to the density of the medium
through which it is made to This is
proved by the following experiments:—1. Fix
with cement a short iron or platina wire within
one end of a glass tube thirty inches long, so
that the wire may project a littie way within the
tube, and fix a small brass ball on the outer ex-
tremity of the wire. Till the tube with mercury,
and at the open end i_:-]:me a drop of ether, which
secure by the point of the finger while the tube is
inverted in a vessel of mercury, 50 as to form a
Torricellian vacuum in the upper part. The
ether will rise to the top; and upon the removal
of the fingerand the fall of the mereury, will ex-
pand into vapor. If now electricity be trans-
mitted through this vapor, it will be rendered
luminous, and assume various hues according to
its strength. When the spark is strong, and has
to pass through some inches of the expanded
vapor, the light is usually of a beautiful green
color. 2. Take an air-pump receiver twelve or
fourteen inches high, and six or seven inches in
diameter; adapt a wire, pointed at its lower ex-
tremity, to the top of the receiver, letting the
point ﬂmjeﬂ about two inches into its inside ;
place the receiver on the plate of the air-pump,
and electrify the wire at its top positively;
whilst the air remains in the receiver, a brush of
light of very limited size only will be seen, but
in pff“"im as the air is wilgdm“m by the ac-
tion of the pump it will enlarge, varying its ap-

earance and becoming more diffused as the air

comes more rarefied ; until at length the whole
of the receiver is filled by a beantiful blush of
light, changing its color with the intensity of the
transmitted electricity. 3. Into a piece of soft
deal about three inches long and an inch and a
half square, insert two pointed wires obliquely
into its surface at nearly an inch and a half dis-
tance from each other, and to the depth of an
eighth of an inch; the wires should ineline in
opposite directions, and the track between the
points be in that of the fibres; a spark in pass-
g from one point to another through the wood
will assume different colors in proportion as it
passes more or less helow the surface; and by
inserting one point lower than the other, so that
the spark may pass obliquely throngh different
depths, all the prismatie colors may be made to
appear at once. Sparks taken through balls of
wouod or ivory appear of a crimson color; those
from the surface of silvered leather are of a bright
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green; a long spark taken over powdered char-
coal is yellow ; and the sparks from imperfect
conductors have a purple hue. The quantity of
air through which these sparks are seen also
influences their appearance ; for the green spark
in the vapor of ether appears white when the eye
is placed close to the tube, and reddish when it
is viewed from a considerable distance.

114. When metallic conduetors are of suf
ficient size and perfectly continuous, they trans-
mit electricity without any luminous appearance ;
but if the continuity be interrupted in the slight-
est degree a luminous effect is produced, a bright
spark occurring at every separation. Various
articles of apparatus are used for the exhibition
of this effect, according to the fancy of the ope-
rator; the following are those used in general by
public lecturers :—1. The spiral tube: this in-
strument is represented by fig. 2, and is com-
posed of two glass tubes C D, one within another,
and closed with two knobbed brass caps A and B,
The innermost of these has a spiral row of small
round pieces of tin-foil stuck upon its outside
surface, and lying at about one-thirtieth of an
inch from each other. If this instrument be held
by one of the extremities, and its other extremity
be presented to the prime conductor, every spark
that it receives from the prime conductor will
cause small sparks to appear between all the
round pieces of tin-foil stuck upon the innermost
tube; which in the dark affords a beautiful spec-
tacle, the tube appearing encompassed by a spiral
line of fire. Fig. 3 represents several spiral
tubes placed round a board, in the middle of
which is screwed a glass pillar, and on the top of
this pillar is cemented a brass cap with a fine
steel point. In this a brass wire turns, having a
brass ball at each end, nicely balanced on the
wire. To make use of this a paratus, place the
middle of the turning wire under a ball proceed-
ing from the conductor, so that it may receive a
succession of sparks from the ball ; then push the
wire gently round ; and the balls in their relative
motions will give a spark to each tube, and
thereby illuminate them down to the board,
which from its brilliancy and rapid motion,
affords a most beautiful and pleasing sight.
Fig. 4 is another instrument for showing the
same. effect in a diversified form: the action
being in this ease the same as in the ding,
no further explanation is necessary. e beauty
of this kind of exhibition is sometimes much in-
creased by laying down the devices on glass
stained of different colors, There are other
methods of rendering the electric fluid visible in
a very pleasing manner, some of which we shall
here enumerate.

115. The luminous conductor, as represenied
at fig. 5, consists of a glass tube about eighteen
inches long, and four in diameter, to the
ends of which are cemented the hollow brass
Ez:em DF, EB, the former having a point, C,

r receiving electricity from the electrical ma-
chine, while the other has a wire terminating in
a ball, G, from which a strong spark may be
drawn. From each piece a knobbed wire PTD*
ceeds within the cavity of the glass tube. Une
of these brass pieces is composed of two parts,
in one of which is a valve covering a hole by
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which the tube may be exhausted of its air. The
whole is suppuneim two glass pillars fixed in
a wooden frame. When this tube is exhausted
of its air, and the point C set near the machine,
this point will appear illuminated with a star,
while the glass tube will exhibit a weak light on
its inside; and, from the knobs within the glass,
the appearance of positive and negative light
will be evident, as the Iiﬂ:il:e at I will Ifhuw a
bright pencil of rays, anc opposite knob a
vound ]::ar. If the point C, instead of being
resented to the cylinder, or the positive con-
uctor, be placed near the rubber or negative
conductor, the appearance of the light from the
internal knobs w:lg be reversed.
" 116. The visible electrical atmosphere is ex-
hibited by the apparatus represented at fig. 6,
where G I represents the receiver with the plate
of an air-pump. In the middleof the plate 1 F
a short rod is fixed, having at its top a ball B,
whose diameter is nearly two inches, From the
top of the receiver another rod A D with a like
h£l A proceeds, and is cemented air-tight into
the neck C; the distance of the balls from one
another being about four inches. If, when the
receiver 15 exhausted of 4ir, the ball & be elec-
trified positively, by touching the top D of the
rod AD with the prime conduetor, or an excited
glass tube, a lueid atmosphere appears about it,
which, although it consists of a feeble light, is
yet very conspicuous, and very well defined ;
at the same time the ball B has not the least
light. The atmosphere does not, exist all reund
the ball A, but reaches from about the lower half
-of it.  If the rod, with the ball A, be electrified
negatively, then a lucid atmosphere, like the
above described, will appear upon the hall B,
reaching from its middle to a small distance be-
yond that side of it that is towards the ball A ;
at the same time the negatively electrified ball
A remains without any light.

117. Fig. 7 represents a mahogany stand, so
constructed as to hold three eggs at a greater or
smaller distance, according to the position of
the sliding pieces. A chain C is placed at the
bottom, in such 2 manner a& to touch the bottom
of the egg at B with one end, and with its other
the outside coating of a charged jar. The sliding
wire Aat the top is madeto touch the upper egg ;
and the distance of the eggs asunder should not
exceed a quarter or the eighth part of an inch.
The electric spark, being made to pass down by
means of the discharging rod through the wire
and ball at A, will, in a darkened room, render
the eges very luminous.

Accumuration oF Erecrriciry.

118. Although the electnicity we have already
described be sufficient for the performance of
many very fine experiments, and for enabling
us to investigate the nature and properties of

~the electric fluid ; yet the full energy of this
wonderful agent can oply be displayed when
it is collected in great quantities, and made to
operate on substances in a strongly concentrated
state. 'This, it might be supposed, would be
best effected by diffusing the electrical matter
over very extensive conductors, and at once dis-
ﬂhargiu%;the uantity thus accumulated, on the
L. 3111,
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subject of experiment : but such is not the case,
since the extension of the surface of any conduct-
ing body diminishes its intensity. This fact is
admirably illustrated by Mr. Singer in the fol-
lowing experiment.

119. Insulate a flat metal plate with smooth
rounded edges, and connect with it a pith-ball
electrometer ; electrify the plate, and the balls
will diverge : bring a similar plate uninsulated
near that which is electrified, keeping their flat
surfaces parallel and opposite to each other; the
balls of the electrometer gradually collapse as
the plates approach, and, when they are within
about half an inch of each other, the insulated
plate appears unelectrified ; but, on the removal
of the uninsulated plate, the original divergence
15 restored. See fig. 8.

120. When the insulated eonductor, he adds,
is electrified, its pith-balls separate, because they
are in a different eleetrical state to the air by
which they are surrounded, the fluid of wh ch
they attract ; but all unelectrified bodies have
the same relation to the electrified balls like the
ambient air, and such as are conductors and con-
nected with the ground present a more amn'e
sonrce of matter and electricity ; consequently,
if such bodies are Lrought near the electri-
fied conductor, its attraction iz exerted on them,
and the influence of the surrounding air is pro-
portionably diminished; and if the proximity
be sufficient, the attraction of the electrified sor-
face will be so exclusively exerted in that direc-
tion as to be imperceptible in any other.

121. In the above experiment the hodies are
not brought in contact, but only near each othe:,
and consequently there is no communication «r
loss of electricity, but merely a compensation of
its aitractive power ; hence, when the uninsu-
lated plate is removed, the divergence of the
electrometer is restored.

122. The grand instrument used by electri-
cians for the accumulation of electricity is deno-
minated the Leyden jar, or phial: its construc.
tion has already been in some measure described,
but it may be necessary still further to explain it,
and to make some remarks on il e prnciple of
its action.

123. The Leyden Jor in whatever form it may
be constructed is nothing more than an electrie

laced between two non-¢lectries. The following

eseription of this remarkable instrument is
from Mr. Cavallo’s treatise on electricity. I,
says he, to one side of an electric, sufficiently
thin, as for instance a pane of glass, a piece of
sealing-wax, &c., be communicated one electri-
city, and to the opposite side the contrary,
that plate in that case1s said to be charged; and
the two electricities can never come together
except a communication of conducting substances
be made between hoth sides, or the electric be
broken by the power of electric attraction. When
the two electricities of a charged electric are by
any means united, and therefore their power
destroyed, that electric is then said to be cis-
charged and the act of union of these two opypo-
gite powers is called the electric discharge.

124. To avoid the difficulty of communicating
electricity to an electric plate, it is customary to
coat the sides of it with some conducting sub-
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stanee, as tin-foil, gilt paper, &e., by which means
the charging and discharging becomes very easy ;
lor when the eleetricity i3 communieated (o one
part of the coating, it is immediately spread
through all the parts of the electre that are in
contact with that coating; and, when the electric
is to be discharged, it is sufficient to make a
conducting communication between the coatings
of both sides, to discharge entirely the electrici-
ties of that electrie,

125. When plates of giass are thus coated, it
5 of essential importance that the glass should
extend two or three inches beyond the metal
coutings; for, although they do not absolutel
touch one another, yet, when they are eiemriﬁec{
the electricity will easily foree a !m.'ss::E(e through
the air, and by passing over the surface of the
electric, from one coating to the other, render it
incapable of receiving any charge.

126. If @ glass plate be properly coated on
both sides with a condueting substance, and if to

one of these coatings be communicated some:

electricity, the other coating, while communica-
timg with the earth, or with other conducting
bodies, acquires by itself an equal quantity of
the contrary electricity; but if, while one side
18 acquiring electricity, the opposite side does not
communicate with the earth, or the conducting
substances, the glass cannot be charged. The
reason of this is founded on the property of
bodies to acquire an electricity, contrary to that
possessed by a contiguous electrified body; and
the eanse that hinders these two electricities from
mixing, is the interposition of the glass plate
which is impermeable to electricity.  Although
if the glass be too thin, or the charge too high,
the strong attraction, between the positive and
negative electricities, forces a passaze through
the glass and discharges it.

127. The most usual, and by far the most
convenient form of the Leyden jar is that repre-
sented at fig. 9. It is coated on the inside and
also om the outside with tin-foil 1o within two
inches and a half of the top.  With the inside
coating a wire is connected which rises through
a lid of baked wood neatly fitted into the mouth
of the jar, and terminating in a smooth brass
ball. The uncoated part of the jur must be kept
i}er‘f‘ﬂcﬂy clean and drjr, otherwise the action will
je very incomplete. The coating is best fas-
tened on with very strong gum water, but some
¢lectricians use common paste; and in some in-
stances the tin-foil is first pasted upon paper,
end afterwards on the glass: this iz considered
en improvement both as it respects the facility
of drying the gum or paste, and also the strength-
ening of the jar.

128. If a jar thus construeted be held in one
kand by the lower part, and the knob applied to
the prime conductor when the machine is in ae-
tion, it will become charged in a few seconds; and
if then a communication be formed befween its
outside and inside coatings, by touching the ball
with the other hand, a smart explosion takes
Flnce, and a peculiar and painful sensation is

elt chiefly at the wrists and elbows, and across
the breast: this sensation i5 called the electric
shoek, and it may be communicated to any number
of individuals, {clding each other by the band
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and furming the lipe of communication between
the coatings of the jar. 1o this way the abhé
Nollet succeeded in giving the shock to 180 of
the French Guards in the king's presence,

129, When it is wished to discharge the jar
without allowing the to pass through the
body, an instrument is used called the discharging
red, which is composed of a bent wire or two
branches, connected by a joint, and furnished with
a glass handle.  The extremities of the rod or
branches are pointed, but have screws, by means
of which theéy are fitted with balls. In dis-
charging a jar with this instrument, it is held hy
the glass handle,and, while one end is applied to
the vuter coating of the jar, the other is made ta
approach the ball of its wire, and thus the elec-
tricity passes through the metallic - part of the
discharger from the one coating to the other of
the jar. If the extremities be without their balls
the discharge is effected without noise, but other-
wise there takes place an explosion, more or less
loud according as the jar is more or less charged.
The neatest form of the discharging rod is that
represented at fig. 10; where AA is the glass
handle by which it is held, and BC are the two
branches with their balls.

120. When the accumulation of great guan-
tities of electricity is required, the instrument
then made use of is termed the electrical battery,
and is composed of a number of Leyden jars
connected together and placed in an appropriate
box. The most modern construction of the
battery, is represented at fig. 11. It consists of
twelve jars placed in a mahogany box, the botton
of which is covered with tin-foil, for the purpose
of connecting together all the outside coatings;
the Thside coatings being connected together by
the wires and balls that rize from their centres,
and are united together at the top. On one
side of the box there is a small brass hook A for
the purpose of connecting the battery by means
of a chain with any substange through which the
discharge is to be made; this hook through
the box and is fixed in contact with the tin-
foil which connects the exterior coating of the jars.

131. A battery miy also be constructed by a
combination of panes of glass properly coated.
Dr. Franklin formed a battery 0¥ this kind with
eleven panes of common window-glass, and with
it he made the greater part of his experiments.

132. Inwhatever form batteries are constructed
they are charged and discharged in the same
manner as a single jar. If one of the knobs of
the battery communicate with the prime conduc-
tor of the machine in a state of aetion, it will
soon be charged ; and the discharge may be
effected by making a commumeation between
the coatings, by means of a discharging rod, or
any other conductor.

133. Batteries of great size have been con-
structed by different electricians, so as to aceu-
mulate an enormous guantity of electricity,
capable of melting the hardest metals, and of

utting an instantaneous termination to animal
ife. Dr. Priestley constructed a-battery consis-
ting of sixty-four jars, and containing thirty-two
square feet of coated surface. Mr. Cuthbertson
completed, in 1784, for the Teylerian Muscum
at Haarlem, a battery of 135 jars and 132 feet
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of coated surface; and in 1789 he completed
another battery for the same institution, consis-
ting of 100 jars, and containing 550 feet of coated
Surtice.

134. It is of the utmost importance that a
practical electrician should be expert in con-
structing batteries, and in coating jars himself,
not only because of the expense attending the
employment of others, but because they may
often be at too great a distance from workmen
who are accustomed to operations of this kind.
A difference of opinion exists with respect to the
size of the jars and the kind of glass they are to
be made of. Fine flint or crystal glass may be
used with greater advantage than any other; but
the expense becomes a very considerable object,
especially as the jars of a battery are very apt
to break by the inequality of their strength; for
the force of the fluid in a battery is equally dis-
tributed among all the bottles, however their
capacities may differ. Thus, if we express the
quantity of charge which one jar can easily re-
ceive by the number 10, we ought not to com-
bine such a jar in a battery with another whose
capacity 1s only 8; because the whole foree of
electricity expressed by 10 will be directed also
against that the quantity of which is only 8; so
that the latter will be in danger of being broken.
It will be proper, therefore, to compare the jars
with one another before putting them together in
a battery.

135. Besides the consideration of the absolute
capacity which each jar has of receiving a charge,
the time which is taken up in charging it must also
be attended to; and the jars of a battery ought
to be as equal as possible in this respeet as well
as in the former. Tlie thinner a glass is, the more
readily it receives a charge, and vice versa; but
it does not follow that, on account of its thick-
ress, it is capable of containing a greater charge
than a thicker one. The reverse is actually the
case : and though a thick glass cannot be charged
so quickly as a thin one, it is nevertheless capa-
ble of containing a greater power of electricity.
if the thickness of the glass be very great, no
charge can, indeed, be given it; but experiments
have not yet determined how great the thickness
must be which will prevent any charge. Indeed
it is a fact, that, though a thick glass cannot be
charged by a weak electric machine, it may be
50 by a more powerful one; whence it seems
reasonable to suppose, that there is no real limit
of this kind ; but that if machines could be made
sufficigntly powerful, glasses of any thickness
might be charged. .

136. The expense of constructing large batte-
ries 15 an object of great importance, and has
led some electricians to devise a cheaper method
of inaking them than is ecommonly used. Among
those who have thus labored must be mentioned
Mr. Brooke of Norwich, who introduced batteries
of green glass bottles, instead of flint glass jars.
Some of them consisted of nine bottles; but
when o greater power was required more were
added. Jars would have been preferred to bot-
tles, on account of their being more easily coated ;
but, being less easily procured, he was content
to put up with this inconvenience. The mean
size of these bottles was about eight inches in
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diameter; they were coated ten inches high, and
made of the thickest and strongest glass that
could be procured, weighing from five pounds
and a |!$tllj)ti: seven pounds each.. In the con-
struction of a battery of twenty-seven bottles, le
disposed of them in three rows; nine of the
stoutest and best composing the first row, nine
of the next best being disposed in the second,
and the third containing the nine weakest. These
were all of green glass, but not of the same kind.
Some of those in the front row were composed of
a glass like that of which Frontigniac wine bot-
tles are made ; and this kind of glass seemed to
be by much the best, as being both harder and
stronger, and less liable to break by a high
charge. The second and third rows of the bat-
tery consisted of bottles the diameter of which
was from six and a half to ten mmches, and which
were coated from eight and a half to eleven
inches high ; none of their mouths being larger
than an inch and a half, nor less than three quar-
ters of an inch. The bottles of which Mr. Mor-
gan made use were not coated all over the sar-
face usually coated, but slips of uo-foil were
laid on of about three quarters of an inch in
breadth, at the distance of about a slip between
each : a circumstanee which clearly :Smwx that
a perfectly continuous coating is not of essential
importance.

137. We have already noticed that the un-
coated interval of the Leyden jar should be clean
and dry ; but this must be understood with some
limitation, as if it be perfectly clean and so dry
as to approach to warmness, an explosion will
take place between the coatings over the glass,
and thus occasion a loss of the charge with a
great waste of time.  These effects may be pre-
vented by hreathing on the glass through a piece
of barometer tube, but much more effectually b
pasting a slip of writing paper, an inch broad,
on the inner surface of the jar, close to the upper
edge of the coating. I:i[ this means the intensity
of the charge is diminished at the very spot where
its tendency to explode is the greatest. The
breadth, however, of this rim of paper must be
proportioned to the size of the jar. Some prefer
varnishing the uncoated part of the jar, in which
-i:_w: the varnish must be of the very finest qua-

ity. y

138. The precarious Emneﬁs of charging very
large batteries to a high degree of intensity is
well known to those who have had io make very

owerful experiments with them ; and, as frequent
ractures of jars take place, it may be of impor-
tance to the practical electrician to know how to
repair them when they are but slightly injured ; al-
though, at the same time, we would rather pur-
suade him to substitute a new jar than to undergo
the very troublesome and expensive process of

iring, by cement, one that has been burst.

139, The following is the method adopted by
Mr. Brooke for repairing the bottles of his battery
when they become injured. Take, he says, of
Spanish white eight ounces ; heat it very hot in
an iron ladle, to evaporate all the moisture ; and
when cool sift it through a lawn sieve; take three
ounces of pitch, three quarters of an ounce of
resin, and half an ounce of bees’-wax ; heat them

all together over a gentle fire, stirring the whole
D32
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frequently for nearly an hour; then take it off
the fire, and continue the stirring till it is cold
and fit for use.

140. To the above account of the electrical
battery we shall here add Mr. Morgan's rules for
its construction. They are the following.

141. Its connecting wires should be perfectly
free from all points and edges.

142. They should be easily moveable, so that
when accident has lessened the number of jars,
the mumber of wires may be reduced so as w0
eorrespond with the remaming quantity of glass.

143, The jars should not be crowded; for in
such a case, if necessity should oblige us to em-
ploy jars of different heights or sizes, the tin-foil
of the higher ones, being in contact with the un-
coated glass of the lower ones, the insulation will
thus be rendered less complete.

144. The size of the jars should not be larze;
for though an increase of magnitude lessens the
trouble of cleaning the battery, it at the same
time increases the expense of repairing damages
which frequently occur.

145. The several wires should be fixed very
steadily, or in such a manner as not to admit of
any shaking.

146. The battery should take up the least pos-
sible room ; for as it increases in size, so is the
[::Ebahijily increased of its being exposed to the
influence of surrounding conduetors. '

147. The strength of the charge that can be
produced by either a single jar or a battery is
estimated according to the number of square feet
of coated surface in each. Hence arises the ne-
cessity of forming a combination of jars, as single
ones of convement size cannot obtained.
One of the largest, perhaps, ever constructed
was used l:;l:',' Mr. Singer in his lectures on elec-
tricity. his jar, he informs us, was eighteen
inches in diameter, and two feet in height; its
external coating exposing a surface of about six
square feet. The principal experiments per-
formed by the aid of the electrical battery will
he explained in another part of this article.

IwsrrumexTs For MEasurize BLEcTRIciTY.

148. The instruments used for the purpose of
ascertaiming the presence of electnicity, and
measuring its intensity, are denominated elec-
trometers, and hold a very important place among
the necessary articles of electrical apparatus.
Some of these are so constructed as to I; of use
only in indicating the nee of electricity ;
others perform the two-fold office of showing its
presence, and indicating the precise degree of
its intensity at the same instant ; while others are
constructed for the purpose of exactly measuring
the strength of, and giviag the required direction
to any accumulation of the electric matter, from
the charge of a small phial to that of the most
Enweri‘ul battery. We shall here give a v

rief deseription of the principal of these useful
instruments.

149, The first electrometer is generally allowed
to have been that of thie abbé Nollet; it was
composed of two silk threads, which were made
to recede from each other on being approached
by an electrified body. Thne angle of the diver-
gency of the threads was observed by the shadow
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which they cast on a flat surface placed behind
them. This was certainly a very simple appara-
tus, though, at the. same time, very imperfect :
it was improved by Mr. Waitz, who appended
small weights to the threads.

150, The electrometer of Mr. Canton con-
sisted of a pair of small pith-balls suspended by
very fine fluxen threads from a peg enclosed in a
small box having a sliding cover fitted to it;
when he used this instrument the lid was drawn
off, the box held horizontally, so that the balls
might hang freely. A more complicated instru-
ment, but founded on the same simple principles,
and containing four electrometers, is represented
in fig.12. A is the basis of the stand which
supports these, and is made of mah 'IY B
is a pillar of wax, glass, or baked wood. To the

of the pillar, if it be of wax or glass, a cir-

ar piece of wood, C, is fixed ; but if the pil-
lar be of baked wood, that may constitute the
whole. From this circular piece of wood pro-
ceed four arms of glass, or halgll;'d wood, suspend-
ing at their ends four electrometers, two of
which, D, E, are silk threads about eight inches
long, suspending each a small downy feather at
its end. The other two electrometers, F, G, are
made of very small balls of cork, or of the pith
of elder; and they are constructed in the follow-
ing manner:—ab is a rod of glass about six
inches long, covered with sealing-wax, and
formed at top into a ring: from the lower ex-
tremity of this ‘stick proceed two fine linen
threads, ¢ ¢, about five inches long, each suspend-
ing a cork or pith-ball o, about one-eighth of an
inch in diameter. These threads should be mois-
tened with a weak solution of salt. When this
electrometer is not electrified, the threads ¢ ¢ hang
parallel to each other, and the cork balls are
contact; but when electrified they repel one
another, as represented in the figure. When it is
inconvenient to use'the insulating stand, A B, the
electrometers may be easily supported by a
glass rod or tube,

151. Electrometers constructed of pith of
elder were employed by Mr. Cavallo in many of
his expetiments in electricity, particularly in
those on the electricity of the atmosphere.  One
of these instruments is represented in figs. 13 and
14, The case or handle of this instrument is
formed of a glass tube, about three inches in
length, and three-tenths of an inch in diameter,
one-half of which is. coated with wax on the out-
side. From one extremity of this tube, viz. that
without sealing-wax, a small loop of silk pro-
ceeds, which oceasionally serves to | the
electrometer on a pin, &e. To the other exire-
mity of the tube a cork is adapted, which, being
cut 1a£nring on both ends, can fit the mouth of
the tube with either end, From one extremity
of this cork two linen threads proceed, a little
shorter than the length of the tube, sus ing
each a little cone of pith of elder. When this
electrometer is to be used, that end of the cork
which is opposite to the threads is pushed into
the mouth of the tube; the tube then forms the
insulated handle of the pith electrometer, as
represented in fig. 13. But when the electrome-
teris to be carried in the pocket, the threads are
put mto the tabe, and the cork stops it, as repre-
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sented in fig. 14. The advan of this elec-
trometer are, its convenient small size, its great
sensibility, and its continuing longer in good
order than any other. Fig. 15 represents a case
to carry the above described electrometer in.
This case is like a common toothpick-case, ex-
cept that it has a piece of amber fixed on the
extremity A, which may occasionally serve to
electrify the electrometer negatively ; and on the
other extremity a piece of ivory fastened upon a

iece of amber B 8 This amber serves only to
msulate the ivory ; which, when insulated, and
rubbed against woollen cloths, acquires a posi-
tive electricity, and is therefore useful to electrify
the electrometer positively.

152. Another form of the pith-ball electrome-
ter is that invented by Mr. Iﬁnley ; it is simple
in its construction, and extremely useful in
numerous experiments, as will afterwards appear,
It consists (fig. 16) of a perpendicular stem
formed at like a ball, and furnished at its
lower end with a brass ferrule and pin, by which
it may be fixed in one of the holes of the condue-
tor, or at the top of a Leyden jar. To the upper
Em of the stem, a graduated vory semicircle is

xed, about the middle of which is a brass arm
or cock, to support the axis of the index, The
index consists of a ve;y slender rod, which
reaches from the centre of the graduated arch to
the brass ferrnle ; and to its lower extremity is
fastened a small pith-ball nicely turned in a
lathe. When this electrometer is in a perpen-
dicular position, and not electrified, the index
hangs parallel to the pillar; but when it is elec-
frified the index recedes more or less according
to the quantity of electricity, from the stem. Fig.
17, represents this electrometer separated from
its stand, and fixed upon the prime conduetor,
The seale in Mr. Henley's quadrant is divided
into equal parts; but M. Achard has shown that,
when this is the case, the angle at which the
index is held suspended by the electric repul-
sion is not a true measure of the repulsive foree;
to estimate this force truly, he demonstrates that
the arc of the electrometer should be divided
ncmrding to a scale of arcs, the tangents of which
are in anthmetical p ion.

153. One of the most useful electrometers for
indicating the nee of very small portions of
electricity, is that invented by the Rev. Mr. Ben-
net. The common construetion of this instrument
15 very good ; but a highly improved form of it
is described by Dr. Brewster in the appendix to
his new edition of Ferguson's Essays. The chief
difference between this and the original construc-
tion consists in the cap and stand being of brass
instead of wood. He thus describes it ;—

It consists of two stripes of gold leaf, m, n,
suspended withina glass cylinder AB ED. This

linder has a brass cap AB, a little broader

an itself, in the centre of which is a hole, a, in
the inside of the cap, which receives a small
wedge of wood. On each side of this wedge,
two equal stripes of gold leaf, free of all rough-
ness at their edges, are fixed by a little varnish;
these stripes are generally about two inches long,
a:id :.'E}nut a qu,aiﬁ_ﬁi of ?1“ lilm:'h broad. The in-
side of the ca and the upper of the
glass cylindm,Pa.m coated with sgﬁpﬁng-frtmx. On
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the inside of the glass cylinder are pasted two
slips of tin-foil, b, ¢, diametrically opposite t-
each other, and rising higher than the stripes of
gold leaf. The lower ends of the tin-foil are in
contact with the brass stand D EF, which sup-
ports the whole.  For observing the electricity of
the atmosphere, a pointed wire, C, is inserted in
the brass cap A B. To use the electrometer, turn
round the cap AR, till the surfaces of the gold
leaf are parallel to the surfaces of the pieces of
tin-foil &, ¢, so that the two stripes of gold leaf
may hang in contact in the middle of the eylinder.
Then, if a body containing a small quantity of
electricity, be brought in contact with the ca
A B, the gold leaves, m, n, will diverge, and their
extremities will strike the slips of tin-foil 4, ¢, and
thus convey the electricity to the ground. See
figs. 1 and 2, plate IIT.

154. There have been other improvements pro-

ged on this electrometer, one of which was by

Ir. Singer, and chiefly respects the mode of in-
sulation. This instrument is represented in fig.
3 : the following brief description of it will suffice
to convey a correct idea of it. Like the precedin
it is constructed with a glass cylinder, surmﬂunleﬁ
by a broad cap of either '.mosl or metal. The in-
sulation depends on a glass tube of four inches
long, and one-fourth of an inch diameter,
covered on both sides 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 by a plug of silk, which keeps
itin a concentric position with the internal diame-
ter of the tube, A brass cap is screwed upon the
upper part of this wire; it serves to limit the at-
mosphere from free contact with the outside of
the tube, and at the same time to defend ijts in-
side from dust, To the lower part of the wire
the gold leaves are fastened. l'qu‘]he: lass tube
passes through the ecentre of the cap of the elec-
trometer, and is cemented there about the middle
of its length. When this construction is con-
sidered, it will be evident that the insulation of
the wire, and also of the gold leaves, will be pre-
served until the inside as well as the outside o.
the glass tube become coated with moisture ; but
so effectually does the arrangement preclude
this, that some of these electrometers have re-
mained for seven years without being either
warmed or wiped, and have still appeared to re-
tain the same insulating power as at first. No.
2 shows this electrometer complete.

155. An electrometer of common use in the
administration of medical electricity, sometimes
attached to the Leyden jar, and sometimes made
ta fit into one of the ends of the prime conductor,
is termed Lane's electrometer.  Fig. 4 is a repre-
sentation of this electrometer : it consists of two
brass ballz of equal size, one of which is con-
nected with the inside coating of the jar, and the
other insulated opposite to the first, yet so as to
admit of its being placed in contact with it, orat
any required distance from it. That which is
insulated is connected by a wire with the outer
coating of the jar, so as to serve as a course for
the discharge which, it is very obvious from an
inspection of the figure, will take place sooner ot
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later, according as the balls are placed either
nearer to, or farther from, each other. But be-
fore we proceed to notice the discharging electro-
meter, we must deseribe one or two others which
are both ingenious and wseful.

156, We have deseribed Mr. Cavallo’s pocket
electrometer at No. 154, but this gentleman con-
structed another portable electrometer for atmo-
spherical purposes, which deserves ?m'mular
Its ]Erincipal part consists of a glass

notice.
tube CDMN, fig. 5, cemented at the bottom
into the brass piece A B, by which part the in-

strument is to be held when used for the atmo-
sphere ; it also serves to screw the instrument into
its brass case, AC, fig. 6. The upper part of
the tube, C D BN, is tapered to a small extremity,
which is entirely covered with sealing-wax ; to
this tapering a small tube is cemented ; the
lower extremity being also covered with sealing-
wax, projects a short way within the tube
CDMN; into this smaller tube a wire is ce-
mented, which with its under extremity touches
the flat piece of ivory H, fastened to the tube by
means of a cork; the upper extremity of the wire
projects about a quarter of an inch above the
tube, and screws into the brass cap EF, which
cap is open at the bottom, and serves to defend
the waxed part of the instrument from the
rain, &e.

157. A section of the brass cap 1s represented
in fig. 7, to show its internal structure, with the
manner in which it is screwed to the wire pro-
jecting above the small tube L. This small tube
and the upper extremity of the large tube,
CDMN, appear like one continued piece when
joined, from the sealing-wax covering them both.
The conical corks, P, fig. 5, which show the
electricity by their repulsion, are niade very
small, and suspended by very fine silver wires,
shaped like rings at the top, by which they hang
very loosely on the flat picce of ivory H, which
has two holes in it. By this method of suspen-
sion, which Mr. Cavallo says is applicable to
every sort of electrometer, the friction is reduced
to almost nothing, and the instrument is thus
rendered sensible to a very small degree of elec-
tricity. IM and KN are two narrow slips of
tin-foil, fixed on the inside of the glass CDMN,
and communieating with the brass bottom A B.
They serve to convey that electricity which, when
the balls touch the glass, is communicated to it,
and, being accumulated, might disturb the free
motion of the balls.

158, To use this instrument for artificial elec-
tricity, affect the brass cap EF, by an electrified
substance, and the divergence or convergence of
the balls of the electrometer, at the approach of
an excited electric, will show the quahty of the
electricity, The best manner to electrify this in-
strument is, to bring exeited wax so near the ca
that one or both of the corks may touch the side
of the bottle CD M N, after which they will soon
collapse and appear unelectrified. On removing
the wax, they will again diverge, and remain
electrified positively.

159. To try the electricity of the fogs, air,
clouds, &c., by this electrometer, the electrician
must unserew it from its case, and hold it by the
hottom A B, to present it to the air a little above
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his head, so that he may conveniently see the
balls P, which will immediately diverge if there
is any electricity; i.e. whether positive or nega-
tive may be ascertained, by bringing an exeited
piece of sealing-wax, or other electric, towards
the cap EF.

160. M. Saussure has made an improvement
in this electrometer. The principal ecireum-
stances in ‘which his electrometer differs from
Mr. Cavallo’s, are: The fine wires, by which
the balls are suspended, should not be so long as
to reach the tin-foil which is pasted on the inside
of the glass ; because the electricity, when strong,
will cause them to touch this tin-foil twice con-
secutively, and thus deprive them in a moment
of this electricity. To prevent this defect, and
yet give them a sufficient degree of motion, it is
neg to use r glasses than those that are
generally applied to Mr. Cavallo's electrometer ;
two or three inches diameter will answer the
purpose very well. But, as it is necessary to
carry off the electricity, which may be communi-
cated to the inside of the %Iass, and may thus be
confounded with that which belongs to those sub-
=tances that are under examination, four pieces of
tin-foil should be pasted on the inside of the
glass ; the balls should not be more than J, of an
inch diameter, suspended by silver wires, moving
freely in holes nicely rounded. The bottom of
the electrometer should be of hrass; for this
renders it more easy to deprive them of any ac-
quired electricity, by tuuciing the bottom and
top at the same time. '

161. This electrometer may be used instead of
the condenser of M. Volta, by only placing it
on a piece of oiled silk, a little larger than the
base of the instrument : but in this case the hase,
and not the top, of the instrument must be
brought in contact with the substance, the elec-
tricity of which is to be explored. By this in-
strument it is easy to ascertain the degree of
conducting power in any substance. If it is
placed on an imperfect conductor, as dry wood
or marble, and if the instrument is electrified
strongly, and afterwards the top is touched, the
electricity will appear fo be destroyed; but, on
lifting up the instrument by the top, the balls
will again diverge, because the im Eﬂpﬁtl condue-
tor formed with the base a kind of electrophorus,
by which the electric fluid was condensed, and
lost its tension, till the perfect conductor was
separated from the imperfect one ; whereas, if
the conductor had been more perfect, it would
have been deprived of its electricity immediately
on the application of the hand. It is useful to
discover also the electricity of any substance, as
of clothes, hair of different animals, &ec. For
this purpose it must be held by the base, and the
substance rubbed briskly (only onee) by the ball
of the electrometer ; the kind of electricity may
be ascertained in the usual manner. But as the
top of the electrometer acts, in this case, as an
insulated rubber, the electricity it acquires is
always contrary to that of the rubbed hody.

162. To collect a great quantity of electricit
from the air, this electrometer is furnished wiij:
a pointed wire from fifteen inches to two feet
long, which unscrews in three or four pieces, to
render the instrument more portable, see fig. 8.
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When it rains or snows, the small cover, fig. 9,
is to be screwed on the wop of the instrument, as
by this its insulation is preserved. This indieates
not only the electricity of fogs, but also that of
serene weather, and enables the observer to dis-
cover the kind of electricity which reigns in the
atmosphere ; and, in some degree, to form an
estimate of its quantity, and that under two dif-
ferent points of view, the degree of intensity, and
the distance from the earth at which it first
begins to be sensible. A conductor exhibits signs
of electricity only when the electric fluid is more
or less condensed in the air than in the earth.
Though the air resists the passage of the electric
fluid, it is not absolutely impermeable to it; it
suffers it to pass gradually, and generally with
more ease in proportion as its mass is less, It
13, therefore, interesting to discover at what height
it is necessary to be elevated, in order to find a
sensible difference between the eleetricity of the
earth and that of the air.

163. Mr. Brooke of Norwich constructed an
electrometer of a very ingenious deseription, and
certainly valuable in its application, of which he
has given a full account in dis Miscellaneous
Experiments ; the limits, however, within which
our article must be confined, will not allow of
our giving his lengthemed deseription of the
nstrument. We shall, therefore, present our
readers with a short account of another electro-
meter, the invention of professor Robison of
Edinburgh, which in our opinion is, in its chief
eszentials, much superior to that of Mr. Brooke,
This beautiful and delicate instrument is repre-
sented by fig. 10, where A, a finely polished brass
ball of a quarter of an inch diameter, is fixed on
the point of a common sewing needle about
three inches long, and as slender as can be pro-
cured of that length. On the other end of the
needle is fixed a ball of amber, glass, or other
non-conducting substance, of about § or 3ths of
an inch in diameter, This ball is so fixed as
that the needle does not quite reach to its surface,
though the ball F must be completely perforated.
From the electrie ball there passes a slender glass
rod, F, E, L, bent at right angles at E, so that
the part F E may be about three inches long, and
the other extremity L, immediately opposite to
the centre of the ball A. A piece of amber C,
50 cut as to have two parallel cheeks, is fixed on
the extremity L of the glass rod. For the prin-
cipal part of the instrument, a strong dry silk
ﬂ!l‘emi is to be prepared by dipping it perpen-
dicularly in melted sealing-wax, till it ully
penetrated by the wax, so as to retain a thin
coating of it.

164. The thread, thus coated, must be kept
extended, so that it may be quite straight; it
must be made perfectly smooth by holding it
before a ﬁre,andp rolling it on a smooth table.
It is then to be passed through a small cube of
amber, 'Ih:_lt. has two hl:nlles drilled in two of its

ite faces, icularly to the stalk. B
:hpethules the ﬁm 5usp-en£ar], 80 as to :Imc:n'l.r:lz;~Ir
readily, on two fine brass pins, between the

cheeks of the piece of amber at L. The waxed
- thread is about six inches long, and is equally
divided by the amber cube. '%t} the end B is
fixed a ball of some conducting substance, as of
polished metal, or gilt cork, a quarter of an inch
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in diameter. The other extremity D passes
through a cork ball, so as to move with a slight
friction. :

165. The construction of this part of the elec-
trometer is such that when FE hes perpendicu-
larly to the horizon, and the stalk BD, with its
balls, is allowed to hang freely, the ball B just
touches the ball A, as represented in fig. 11.
The ball F is fixed to one end of a glass rod F1
passing perpendicularly through the centre of a
graduated circle GHO, and furnished at the
opposite extremity 1 with a knobbed handle of
boxwood. TIK is the stind of the electrometer,
in the head of which is a hole in which the rod
FT slides smoothly but not easily. There is also
adapted to the glass rod F1 an index NH that
turns round it. Thisgandex is placed so as to be
parallel to a line LA drawn through the centre
of the ball A. And, as the circle is divided into
360 degrees, 0 being marked above, and 90
on the right hand; the index will point out the
angle which the line L A makes with the vertical
line, It is convenient to have another index on
the rod F1 turning with some friction round it,
?IIII.‘II extending considerably beyond the cirele

# HAO.

166. When this electrometer is used for com-
puting the quantum of electricity belonging to
any body, it must be connected by means of a
wire with the substance to be examined : the
wire must be fixed into the hole of the ball T,
whichis in part filled by the needle; and indeed it
must come in contact with the needle. The index
must now be turned round by the handle I until
it stand at 90°. In thiz position C B 15 horizon-
tal, and the ball B contiguous to A. If in this

ogition the balls B and A are electrified, they

o not separate till the index be turned back
towards 0. In some part of this space they will
separate, and the point must be carefully noted,
as this is the measure of their electric power
while in contact. By turning still more towards
0, the separation is increased. An assistant must
now turn the long index till it be parallel to the
other, and consequently to CD. On loadin
the cork ball I} with grain weights till BI) be
nicely balanced in a horizontal position, and
computing for the proportional length of CB
and C D, we obtain an exacl measure in grains
of the electric force with which the balls B and
A separate in this position.

167. The electrometers already described have
all been found highly useful to the practical
electrician, according to the peculiar nature of
the course of his experiments; but for ascer-
taining the actual repulsive and attractive powers
of very faintly electrified bodies, they are per-
haps all excelled by the ingenious invention of
M. Coulomb, a French philosopher. The con-
struction of this delicate instrument, which is
called the torsion balance, will be best un-
derstood by a reference to the plate, where we
have given a representation of it in its complete
state, and of some of its parts on an enlarged
scale.

Fig. 1, Plate IV, is a eylinder of flint glass
twelve inches in diameter, and twelve in height,
covered with a plate of glass, which is made to
fit to it by a projecting fillet on the lower sur-
face and having in it four round perforations, of



40

an inch and three-tourths in diameter, one of
which iz in the centre f, and receives the glass
tube fk, which is two feet in height, and ig fixed
in the glass plate with cement. Into the top of
this tube is inserted the brass piece H, fig. 2,
No. 3, which is perfectly eylindrical, and having
a amall shoulder which rests on the top of the
tube into which it is cemented. This brass piece
is made to fit by means of a screw on the hollow
cylinder, No. 2, fig. 2, to which is joined the
circular plate b, divided into 360 degrees, and
having a hole v in its centre for admitting the
vylindrical pin ¢, No. 1, fig. 2. This pin is sur-
mountéd with a milled head & from which an
index io projects, having a point wrned down-
wards at o, to mark the divisions on ab. This
pin moves with some friction in the hole G,
while the cylinder moves steadily in the brass
piece H. To the lower end of the pin there is
attached the pincer g, resembling the end of a
solid port crayon, and capable of being tightened
by a sliding ring: so as to seize a fine silver
wire, while its lower end is held by a similar
pincer, shown by Po, fig. 3, and tightened by the
sliding ring r.

168. The stalk ro is eylindrical, and is made so
heavy as to keep the wire guite straight without
breaking it. Fig. 3 exhibits this pincer with the
arm z C ¢ passing through it. The length of this
arm is eight inches, and it is formed of a stout
silk thread, or a fine round straw coated with
wax, or with lac; it is about one-tenth of an
inch diameter, and six inches long, and is ter-
minated by two inches of wax drawn out into a
fine thread, The end ¢ carriesa pith-ball a turned
very smooth, and gilded, and the other end iz a
small circular plane of pa[I:er covered with var-
nish, and of sufficient weight to counterpoise the
pith-ball a, which is from one-fourth to one-half
of an inch in diameter.

169. Fig. 1 represents the whole of the parts
of the instrument in their combined form. The
arm is represented as hanging horizontally in the
middle of the glass eylinder, 50 as to admit of its
turning freely round its centre, in a circle de-
scrihcg on the glass by a graduated slip of paper
divided into 360°. When & i1s opposite to o on
this graduated ecircle it is contiguous to the ball
b, which hangs within the cylinder by a silk
thread covered with lac, and kept steady by the

iece of wood, which is seen lying on the cover,

m which it is suspended. This ition of
the instrument is produced by turning themilled
head &, which carries the index io, called the
twist index, round until it points 10 o on the
graduated circle « b, and the whole is then turned
in the brass socket H, till the hall ¢ stands at O
on the graduated qaper circle . Fig. 4 repre-
sents a_cylindrical stick of sealing-wax in the
one end of which is inserted a fine brass wire
terminated by a smooth ball. Fig. 5 is another
part of thiz apparatus shown on an eniarged
scale; 1t consists of a plug of sealing-wax A,
which is made to fit tightly into the upper part
of the instrument; through this plug of wax a
wire ¢, hooked at the top, passes perpendicu-
larly, and terminates in the finely p-nli.am:l me-
tallic ball 4; its use is to connect the electro-
meter with other hodies.
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170. We shall here add, as an illustration of.
the method of using this ingenious instrument,
an account of Coulomb’s method of determining .
by it the electrical repulsion of the two balls a
and b when electricity was communicated to
them. Having electrified the brass pin, ?ﬁ 5, it
was introduced through the hole m, in the top
of the eylinder, and made to touch the ball &, in
contact with the ball @, thus communicating its
electricity to the two balls, which consequentl
hecame electrified with the same electricity ; and,
on this pin being withdrawn, a mutual repulsion
took place between the two balls, a being driven
from & to a distance easily measured on the gra-.
duated scale, and obviously regulated by the
resistance of the wire to farther torsion.  Afier a
few slight oscillations the arm will rest and the
degree of repulsion may be accurately noted,
The index i 0 is now to be turned backwards
till the ball & come to its former position, by
which movement the silver wire will be twisted,
and a force produced proportional to the angle
of torsion which is required to bring the ball &
in contact with the ball b. By this means M,
Coulomb ascertained the distance at which dif-
ferent angles of torsion bring the balls in con-
tact after mutual repulsion; by comparing the
forces of torsion with the corresponding distances
of the balls, he obtained a measure of their
repulsive force.

171. The following are given by Dr. D.
Brewster, as the results of some experiments
with this curious instrument, by its inventor.

(1.) The two balls being electrified with the.
head of the pin, and the index of the micrometer
being set to zero, the ball @ was repelled by the
ball b to the distance of 36°. ;

{2.) The silver wire being twisted by turning
the index of the micrometer 126%, the ball &
approached to the ball b, and stopped at the
distance of 18° from it, having moved back-
wards through an are of 18°.

(3.) Having again twisted the silver wire
through an arc of 567°, the wwo balls a
proached, and stopped at the distance of 8° 30,

172. Now, as the force of torsion, or the force
which is capable of keeping a thread twisted to
a certain degree, 50 as to hinder it from turping
round its axis, and recovering its matural state,
has been shown by Coulomb to be proportional
to the angle of torsion, or the are through which
it has been twisted, we have in the first experi-
ment such a force, equal to 36°; and in the
second experiment, when the distance of the
balls was 187 the angle, and consequently the
force of torsion, was 126° 4+ 18=144"; hence
the repulsive force, at the distance of 36°, was
36°: and the repulsive force, at the distance of
18°, was 1447, or quadraple at half the distance.
In the third experiment, when the distance of
the balls was 8° 30", the force of torsion was
567°; so that, at a quarter of the distance, the
repulsive force was nearly eight times as great, -
From this it follows, that the repulsive force of
iwo small globes electrified either positively or
negatively, is in the inverse ratio of the squares
of the distance of the centres of the two globes,

173. In these experiments, the wire P/ was
twenty-cight incheslong, and gofa grain inweight,
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and the force mecessary to twist it through an
angle of 300% when at the distance a P, was
3k of a grain, as caleulated from the formule
given by M. Coulomb in his Memoir on the
force of Torsion.  Hence the real forces in the
preceding experiments were,

Distances of Angles and Forces Absolute Forces

the Balls, of “Torgion. in grains.
a6° 36 wimth of a grain,
18 144 i
8 576 ok

174. An electrometer has been constructed by
Mr. Cuthbertson, which, we think, in point of
veal utility, to the practical electrician, is equalled
by none with which we are acquainted. Those
only who have to go through the operation of
mgi‘{iug wires before a public audience, can duly
appreciate the value of this incomparable instru-
ment. We have given in fig. 6 a representation
of this discharging compound electrometer, as
connected with a smgle jar, which, if it be about
six inches in diameter and twelve inches high,
will be sufficient to fuse four inches of fine pen-
dulum wire. A description of it may be of use
to the inexperienced electrician. The base G H
iz an oblong square piece of mahogany of about
eighteen inches long, and six in breadth: in this
are three glass supports, D, E,F, mounted with
brass balls, a,b,¢c.  Under the brass ball & thers
is placed a brass hook ; the ball ¢ is made of
two hemispheres, the under one being fixed to
the brass mounting, and the upper turned with
ufgm e to shut upon it, so that it may be taken
off at pleasure. The ball § has a brass tube
fixed to it, about three inches long, cemented to
the top of F; and a hole at the top, of about
half an inch indiameter, corresponding with the
inside of the tube. AB is a straight brass wire,
with a knife-edged centre in the middle, placed
a little below the centre of gravity, and equall
balanced with a hollow brass ball at each end}:
the centre, or axis, resting upona pmpcr]f formed
piece of brass fixed in the inside of the ball ¢ ;
that side of the hemisphere towards c is slit
open, to permit the end ¢ A of the balance to
descend till it touches the ball g, and the upper
hemisphere C is also so opened to permit the
end ¢ B to ascend; i is a weight of a certain
number of grains, and made in the form of 2
pin with a broad head ; the ball B has two holes,
one at the top, and the other at the bottom ; the
upper hole is so wide as to let the head of the
pin pass through it, but to stop at the under
one, having its shank hanging freely in b;
several such pins are made to each electrometer
of different weights; k is a Henley's quadrant
electrometer, and when in use it is screwed
upon the top of &

175. It is obwvious, from the construction, that
if the foot stand horizontally, and the ball B be
made to touch b, it will remain in that position
without the help of the weight i ; and if it should
receive a low charze, the two balls b, B, will
repel each other; B will begin to ascend, and,
on account of the centre of gravity being above
the ecentre of motion, the ascension will continue
till A rest upon a. If the balance he again set
horizontally, and a pin i, of any small weight, be
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put mto its place in B, it will cause B to rest
upon &, with A pressure ual to that weight, so
thiat more electricity must be communicated than
formerly, before the balls will separate ; and, as
the weight in B is increased or diminished, a
greater or less quantity of electricity will be re-
quired to effect a separation.

176. When this instrument is to be used with
a jar, or battery, one end of a wire, L, must be
inserted into the ball &, and the other end into a
hole of any ball proceeding from the inside of a
battery, or jar, as M ; £ must be screwed upon ¢,
with its index towards A; the reason of this in-
strument being added, is to show, by the index
continuing to rise, that the charge of the bat-
tery is increasing, because the other part of the
electrometer does not act till the battery has re-
ceived its required charge.

177. It was formerly observed that the un-
coated part of a jar might be too dry to admit
of its being highly charged : the following expe-
riment will illustrate the truth of this, as well as
show the wse of the electrometer just described
in fusing wires. Every thing being prepared, as
represented in the figure, with the jar M an-
nexed to the electrometer, which jar may con-
tain 168 square inches of coating put into B, the

in marked 15, take two inches of waich pen-

ulum wire, fix to each end a pair of small
pincers, as is represented at G m, Euuk one end
to m, and the other io the wire N, communi-
cating with the outside of the jar; let the un-
coated part of the jar be made very clean and
dry ; and let the prime conductor of the ma-
chine, or a wire {:mueeding from it, touch the
wire L; if then the machine be put in motion,
the jar and electrometer will be charged, as will
be seen by the rising of the index k, and, when
charged high enough, B will be repelled by b;
A will deseend and discharge the jar through the
wire, which was confined in the pincers, and
the wire will be fused and run inte globules.

178. Repeat this experiment with the follow-
ing variations, viz. instead of two inches of wire
take eight; and instead of loading the ball with
fifteen, insert the pin weighing thirty grains;
charge, as before, and a spontaneous explosion
will take place between the coatings of the jar
without moving the electrometer, and conse-
quently the wire will remain as it was. But let
the uncoated part of the jar be now a little
moistened by breathing on it through a glass
tube ; charge the jar again, the electrometer will
operate, the charge pass through the circuit, and
the whole length of the wire will ﬂ-|;]pl:-ll.l‘ red-
hot, and be instantly fused into globules. :

179. A very useful instrument, called the uni-
versal discharger, was invented by Mr. Henley.
It is shown in fig. 7, and consists of a maho-
gany base, A A, fourteen inches long, and about
four broad. B, B, are two glass pillars, cemented
in two holes upon the board A, and furnished at
top with brass eaps, each of which has a turning
joint, and su?pﬁdﬂ a spring tube, through which
the wires D, D, slide. Each of the caps is com-
posed of three pieces of brass, connected so that.
the wires D), D, hesides their sliding through the
sockets, have a horizontal and vertieal motion.
Each of the wires, D), D, is furnished with an
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open ring at one end, and at the other it has a
brass ball, which, by a short spring socket, is
‘slipped upon the pointed extremity, and may be
removed. E is a cireular piece of wood, having
on its surface a slip of ivory, inlaid, and fur-
nighed with a foot, which slides inte the socket
F, in which it is made fast at any required
height by the screw 8. To this discharger be-
longs the small press, fig. 8, the stem of which
fits into the socket, instead of the circular table
E. On the top of the stem are two oblon
boards, which are pressed together by means
two screws. Hetween these boards may be
placed any substance which requires to he
pressed while the electric flnid is sent through
it. The construction of this instrument is such
as to enable the operator to use it with advan-
tage in numerous experiments; pnrticuln:# the
oxidation of metallic leaves between slips of card
]Igayer, or of glass; splitting small pieces of oak,
iring gunpowder, &c.

CoxpexsERs axD Dovnrens or ELECTRICITY.

180. Condensers of electricity are instraments
used for the detection of very small portions of
that matter, portions too minute to be rendered
sensible by any of the electrometers which we
have yet described. Several very ingenious elec-
tricians have employed themselves in the con-
struction of instruments for this purpose: the
principal of these contrivances we shall now
briefly describe.

181. Volta appears to have been the first who
attem any thing of this description. | His
condenser of electricity consists a flat and
smooth metal plate, furnished with an insu-
lating handle, and a semi-condueting, or imper-
fectly insulating, plane. When it is required to
examine a weak electricity with this apparatus,
as that of the air in calm and hot weather, which
is not generally sensible to an electrometer, the
operator must place the above-mentioned plate
upon the semi-conducting plane, and a wire of
some other conducting substance must be con-
nected with the metal plate, and extended in the

en air, so as to absorb its electricity; then,

er 2 certain time, the metal plate must be se-
parated from theplane ; and, on being presented
to an electrometer, it will electrify it much more
than if it had not been placed upon the above-
mentioned plane.

182. The principle o whick the action of
this apparatus depends, says Mr. Cavallo, is, that
the metal plate, whilst standing contiguous to
the semi-conducting plane, will both absorb and
retain a much greater quantity of electricity than
it can either absorb or retain when separate, its
capacity being increased in the former and di-
minished in the latier case.

182.* This condenser was afterwards improved
on by Mr. Cavallo, by employing a small metallic
plate, about the size of a shilling, having affixed
to it a glass handle covered with sealing-wax,
When the larger plate appeared so slightly elec-
trified by the communicated electricity as not to
affect the electrometer, he then placed the small
plate on the plane and touched it with the edge
of the large one, holding the latter in an almost
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vertical position ; the small plate was thus fourd
to indicate a very sensible degree of electricity.

183. One of the most convenient and elegant
condensers yet contrived is that of Mr. Cuthbert-
son. This instrument is shown in fig. 9, and is
composed of two metallic plates, a and b, about
six mches in diameter, tightly screwed to two
brass balls, but so as that one of them be fixed
immoveably to a glass pillar, as e, while the other
is fastened to a brass pillar £, having a hinge at its
lower extremity by which 1t can be moved back-
wards into the position g.  When the instrument
is used, the eléctricity to be examined is com-
municated to the insulated lplale b, while it is
parallel to the uninsulated plate o, and after re-
maining for some time in this position the unin-
sulated plate is drawn back, and the intensity of
the insulated plate, a, is shown by being pre-
sented to an electrometer in the usnal way.

184. A modification of this instrument, called
the condensing electrometer, is represented by
fi. 10. In this construction the plates are
smaller, and the insulated plate is attached to
the cap of a gold-leaf electrometer; by this
means very small degrees of electricity are dis-
covered, and their intensity shown by the di-
vergence of the gold leaves within the cylinder.

185, A condenser, of a remarkably simple
description was proposed by Mr. Singer, and
is constructed by placing three small spots of
sealing-wax, at equal distances, on the lower
face of the cover of an electrophorus, 1o serve
as insulating feet, by which the cover may be
su d at the distance of about the twelfth of
an nch from the surface of a smooth and even
table. Ifa Leyden jar, he adds, be now charged,
and afterwards discharged, so as not to affeet an
electrometer, and itz knob be then placed in con-

,tact with the condenser resting on the table for a

few seconds, the small residuum of electricity in
the jar will be absorbed by the condensing plate;
and when this is raised from the table 1t will
affect the electrometer with the same electricity
as that with which the jar was charged.

185%, Doublers of electricity are instrumeénts
so constructed as that very small quantities of
electricity may be continnally doubled by them,
until, being condensed, they are rendered per-
ceplible by the common electrometer.

186, An instrument of this kind was invented
by the Rev. Mr. Bennet, and is represented by
fig. 1, plate V. It is formed by the addition of two
polished brass plates, with insulating handles, to
the common gold-leaf electrometer. The plates
are varnished on the lower side, and the insu-
lating handle of one of them, B, is fixed to the
side, while that of the other, A, is placed perpen-
dicularly in the centre. Though this apparatus
appears to be very simple, it requires a very
complex process, and has, therefore, generally
given place to what are called moveable or re-
volving doublers.

187, Revolving doublers appear to have been
first introduced by Dr. Darwin, who claims the
merit of the invention. Darwin's doubler was
moved by a train of wheels, and required to be
touched by the hand to place the plates in the
requisite positions.  This instrament was much
improved by Mr. Nicholson ; a representation of
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it, in its improved form, is given in fig. 2. The
whole is suﬁpmled on a glass pillar six inches
and a half high, and consisting of the following
parts :—Two fixed plates of brass, A and C, are
separately insulated and disposed in the same
plane, so that a revolving plate B may pass very
near them without touching. Each of these
plates is two inches in diameter; they have ad-
Justing pieces behind, which serve to place them
correctly in the required position. is a brass
ball on which they turn, of two inches diameter,
fixed on the extremity of an axis that carries the
plate B. Besides the essential purpose which
this ball is intended to answer, it is so loaded
within on one side, that it serves as a counter-
poise to the revolving plate, and enables the axis
to remain at rest in any position.

188. The use of this ingenious instrument will
be best understood from the following aceount
of it given by Mr. Nicholson in the Philosophical
Transactions :—¢ When the plates Aand B, says
Mz. Nicholson, ¢ are opposite to each other, the
two fixed plates A andpgo?na.r be considered as
one mass; and the revolving plate B, together
with the ball D, will then constitute another
mass. All the experiments yet made concur to
prove that these two masses will not possess the
same electric state; but that, with respect to
each other, their electricities will be plus and
minus. These plates would be simple, and
without any compensation, if the masses were
remote from each other; but, as that is not the
case, a part of the redundant electricity will as-
sume the form of a charge in the opposed Pl‘rlh:ﬁ
A and B. From other e:tpurhnentsg find,” says
Mr. Nicholson, ¢ that the effect of the compen-
sation on plates opposed to each other at the dis-
tance of one-fortieth part of an inch, is such, that
they require to produce a given intensity at least
100 times the quantity of electricity that would
have produced it in either, if placed singly and
apart.

Piﬂ!l. The redundant electricities in the masses
under consideration, will therefore be unequally
distributed : the plate A will have about ninety-
nine parts, and the plate C one; and, for the
same reason, the revolving plate B will have
ninety-nine parts of the opposite electricity, and
the ball D) one. The rotation, by destroying the
contacts, preserves this unequal distribution, and
carries B from A to C, at the same time that the
tail K connects the ball with the plate C. In
this situation, the eleetricity in B acts upon that
in C, and produces the contrary state, by the
communication between C and the ball ; which
must therefore acquire an electricity of the same
kind with that of the revolving plate. But the
rotation again destroys the contact, and restores
B to it first situation opposite to Al

190. Here, if we attend to the effect of the
whole revolution, we shall find that the electric
states of the respective masses have been greatly
increased ; for the ninety-nine parts in A and in
B remain, and the one part OF electricity in C
has been increased so as nearly to compensate
ninety-nine parts of the opposite electricity in
the revolving plate B, while the communication
produced an equal mutation in the eleetricity of
the ball. A second rotation will of course pro-
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duce a proportional augmentation of these in-
creased Eua[r:ﬁties, and a continuance of tarning
will soon bring the intensities to their maximum,
which iz limitéd by an explosion between the
plates.”

191, ¢ If one of the parts be connected with
an electrometer, moré éspecially that of Bennet,
these effects will be very clearly seen. The
spark is usually produced by a number of turn-
betweeh eleven and twenty ; and the electromete:
is sensibly acted upon by still fewer. When one
of the parts is occasionally connected with the
earth, or wher the adjustment of the plates is
altered, there are some variations in the effects
not difficult to be reduced to the general princi-
ples, but sufficiently curious to excite the atten-
tion of persons the most rienced in this
branch of natural philosophy.

192. ¢ If the ball be connected with the lower
part of Bennet's electrometer, and the plate A
with the upper part, and any weak electricity be
communicated to the electrometer, while the
position of the apparatns is such that the cross
piece G H touches the two pins, a very few turns
will render it perceptible. But here, as in the
common doubler, the effect is rendered uncertain
by the condition that the communicated electri-
city must be strong enough to destroy and pre-
dominate over any other electricity which the
plates may possess., I need scarcely observe,
that, if this difficulty should be hereafter removed,
the instrument will have great advantages as a
multiplier of electricity in the facility of its use,
the very speedy manner of its operation, and the
unequivocal nature of its results.”
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193. Several of the instruments we have now
described appear capable of collecting and im-
arting small quantities of electricity ; but it may
};e questioned if any of them can be said to do
so on a scale comparable with that of the com-
mon electrophorns of Volta, which may be said
to be a ki:zc:])nl" electrical machine., Fig. 3 iz a
representation of this simple but highly useful
article of apparatus, which any person at all
skilled in ll!ne use of eleetrical apparatus may
construct for himself by attending to the follow-
ing directions. Procure two circular plates of
metal, or of wood covered with tin=foil, and well
rounded at the edges; these are the conductors :
between them is placed a resinous plate, formed
by melting together equal s of shell-lac,
resin, and Venice turpentine, and iring this
mixture, whilst fluid, within a tin hoop of the
required size, placed on a marble table, from
which the plate may be readily separated when
cold. Thizs plate should be half an inch in
thickness ; it is sometimes made by pouring the
mixture on one of the conductors, which is then
formed with a rim for that purpose.  In the cen-
tre of the upper conductor is fixed a glass handle
of about ten inches long, for the purpose of lift-
ing it without drawing off its electricity; and,
when the electric state of the lower conductor is
to be examined, the whole apparatus must be
placed on an insulating stand.  To use the elec-
trophorus, rub the upper surface of the resinous
plate with a piece of dry fur; cat's sk 15
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reckoned the best, and it will be excited nega-
tively. Place the upper conductor upon it, and
then raise the same by its insulating handle; it
will be found to exhibit very faint, if any, elec-
trical signs. Replace the conductor, and, whilst
it lies on the surface of the excited plate, touch it
with a finger or any other uninsulated conductor,
and then raise it again its' handle. It will
now be positively electrified, and afford aspark : if
it be then replaced on the resinous plate, touched,
and again raised, another spark wiﬁ be procured,
and this process may be repeated for a consider-
able time without any perceptible diminution
of effect. Jars may be charged by bringing
them in contact with the conductor each time it
is lifted, with an instrument of this kind only six
inches in diameter. Cavallo charged a jar seve-
ral times successively, and such was the strength
of the charge that it was capable of prercing a

194. Such is the temacity, so to speak, with
which this instrument holds the electricity once
excited, that some have been led to consider it
as affording a perpetual souree of that matter.
On this opinion Mr. Cavallo makes the following
just remarks: —¢ As to the continuance of this
electrie plate, when once excited without repeat-
ing the excitation, 1 think there is not the least
fuundation for believing it perpetual, as some
gentlemen have supposed it to be; it being
nothing more than an excited electric, it must
gradually lose its power, by continually impart-
ing some of its electricity to the air, or other sub-
stances contiguous to it. Indeed its electricity,
although it could never be proved to be perpe-
tual by experiments, lasts a very long time, it
having been observed to be pretty strong several
days, and even weeks, after excitation. The

t duration of the electricity of this g:te,l
think, depends upon two causes: first, because
it does not lose any electricity by the operation
of putting the metal plate upon it, &c.; and,
secondly, because of its flat figure, which ex-
poses it to a less quantity of air, in comparison
with a stick of sealing-wax, or the like, which,
being cylindrical exposes its surface to a greater
quantity of air, which is mntimmll’y robbing the
excited electrics of their virtue” Numerous
experimenta are given in the writings of electri-
cians as having been performed by the aid of
this instrument ; these we shall not here detail,
but simply remark, that, if properly managed, it
will be found capable of communicating a very
high charge to tolerably sized Leyden jars.

PART III.

MECHANICAL EFFECTS OF ELECTRICITY.

195. Under this part of the subject it is in-
tended to give a popular view of a variety of
electrical phenomena rather of a general and
promiscuous nature, and which, from the variety
necessarily involved, could not have been conve-
niently introduced under any other head. Among
others we shall notice chiefly the following, viz.
the direction of the eleetric fluid; its influence
in expanding bodies through which it is made
to pasd ; its power in rending solid bodies; its
agency in the combustion and oxidation of me-
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tallic substances, and in inflaming numorouns
combustible substances.

Inrectiox oF THE ELecTRical Fruvin

196. From among the numerous experiments
given to demonsirate, as far as it can be done,
the course of the electric fluid in its passages from
one body to another, we select the following from
Mr. Singer and others.

197. The direction of the electrie fluid may be
rendered visible by taking a Leyden jar that has
been rendered slightly damp by being breathed
on, and placing it with its knob in contact with
the positive conductor of an electrical machine
in a darkened room; when the jar is fully
charged, if the action of the machine be con-
tinued, the fluid will be observed to pass from
the internal to the external coating over the un-
coated interval in luminous streams, like water
overflowing from the top of a vessel kept con-
stantly supplied. If the jar be removed, and its
knob placed against the negative conductor, the
stream will evidently pass in the contrary direc-
tion. A degree of dampness on the uncoated
part of the glass is necessary, in this experiment,
to prevent the discharge of the jar by a sponta-
neous explosion, in which case the fluid passes
too mpidlfy from one surface to the other to allow
the observer to ascertain its direction., If the
moisture be not sufficient, diverﬁing brushes of
light will occasionally pass from the positive sur-
face, instead of the continuous streams above
mentioned.

198. Let a light wheel, the vanes of which are
made of fine card-paper, be made to turn freely
on its axis, a stream of electricity from a pointed
wire fixed in the conductor will give it motion ;
and it will move from the electrified point whe-
ther its electricity be positive or negative. In this
experiment the current seems to be produced by
the recession of the similarly electrified air in
contact with the point; and, therefore, the cir-
cumstance of the wheel turning in the same
direction when the electricity is negative, cannot,
as Mr. Singer has justly ubs:ervedj:e considered
as a proof of the existence of a double current of
the electric fluid.

109. Make a groove, either by bending a
piece of clean card-paper, or by hollowing out a
piece of baked wood, or by placing, parallel to
each other, two straight sticks of sealing-wm;
lay the groove upon the plate of Henley's uni-
versal discharger, and place a large pith-ball,
about half an inch in diameter, so as to be at an

val distance from the two brass knobs of the
discharger. The distance of these should be
about four inches, and the groove placed in the
line joining the knobs. If one of the wires be
now conneeted with the outside of a charged jar,
while the knob of it is brought in contact with
the other wire of the discharger, so that a small
:Em‘l: miry pass from the one knob to the other,

¢ pith-ball will be impelled from the positive
to the negative knob. iEn performing the above
experiment Mr. Singer used pointed wires
instead of knobbed ones, and assigned, as his rea-
son for this, that the knobs may attract the pith-
ball, whereas the stream from the pointed wire
musi impel it.
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200, Mr. Singer in the following experiment
has m'ai'EEi.:I himself of the diucmne'r]r of Cavallo,
who observed that some mineral colors are af-
fected by passing over them the electrical dis-
charge. Color, says he, both sides of a card
with vermilion, and place it u the table of
Henley's discharger; one of &:uwires should
be beneath the card, and the other in contact
with its upper surface ; the distance of the points
of the wires being one inch. If a charge be
now sent through the wires, the fluid will pass
from the positive wire across the surface of the
card to the part over the negative wire, and will
there perforate the card in its passage to that
wire. The course of the fluid is indicated by a
black line on the card, reaching from the point
of the positive wire to the perforation ; and by
a diffused black mark on the oppusite side of
the card around it, and next the negative wire,
These effects are pretty constant, the black line
always appearing on the side of the card which
is in contact with the positive wire, and the per-
foration being near the negative wire.

201. But the most satisfactory exhibition of
the course of the fluid from the positive to the
negative conductor is afforded in the next ex-

eriment, which was the contrivance of Mr,

inger, and which he himself considered as re-
moving all difficulties on the subject. It has,
observes he, been long known that a light float-
wheel, made by inserting several vanes of card
in the periphery of a cork that is made to turn
freely on a pin or centre, will ke put in motion
by presenting it to an electrified point; and the
motion of the wheel being always %‘mm the point,
whether that point was itive or negative, has
been occasionally urged as an arpument for a
double current of the fluid ; although it is evi-
dent, from what has been already stated, that a
point either positive cr negative must produce a
current, by Lﬁe recession of the air opposed to it
when similarly electrified, by its contact, which
is fully adequate to the production of these ef-
fects, Conjecturing that the currents of electri-
fied air would not take place in this manner if
the points were opposed to each other, the fol-
lowing arrangement was made.

202. A light float-wheel of the above deserip-
tion, being mounted so as to turn freely between
two upright wires, was placed on an insulated
stem, introduced between the pointed wires
of Henley's discharger, which were placed ac-
curately opposite to each other, and at the dis-
tance of rather better than an inch from the
upper vanes of their respective sides.  On con-
necting one of the wires with the positive con-
ductor of the machine, and the other with the
negative conductor, and turning the machine,
, the wheel will move in a direction from the
positive to the negative wire, On reversing the
connexions, so that the wire which was negative
may become positive, =nd that which was posi-
tive be made negidve the motion of the wheel
will e reversed ; for it will still move from the
g:i:itive to the negative wire, thus pmvinithat

electricity moves in that direction. ri-
presentation of this wheel, with the method of
using it, is given in fig. 3, where A is the float-
wheel placed on the universal discharger B, the
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wires of which, C, C, are directed against the
floats of the wheel.

Exraxsive Power or tue From.

203. The influence of the electric matter in
expanding bodies through which 1t is sent, may
be clearly illustrated by these experiments,
Place a small card, or the cover of a book,
against the outer ¢oating of a charged jar, ex-
posing about a square foot of coated surface;
put one end of the discharging rod against the
card, and bring the other to the knob of the jar;
the charge will pass through the card and per-
forate it, producing a small bur on the side next
the discharging rod, and a larger one on the side
which was in contact with the coating of the jar.
In the same manner, by using the more powerful
charge of a battery, a perforation may be made
ﬂmmu%ll # quire of paper or a thin unbound book ;
and, if either of these E;frcﬁly suspended between
the balls of the universal discharger, no motion
of the [ﬂi!;tar will be produced, but the charge
will pass through it without in the least disturb-
ing it, for the same reason that a musket ball
will pass through a deor without causing it to
turn on its hinges, although, under the sune cir-
cumstances, a very slight force would be sufficient
to move it.

204. The effects produced on the card in the
gjr:ccd":ng experiment, as well as some others

t have resulted when the experiment has been
varied, have led some electricians to suppose
that they might be viewed as indications of the
course of the electric matter, and as affording
1o obzcure proof of the existence of two fluids ;
but Mr. Singer has, in our opinion, satisfactorily
shown that they are produced solely by an ex-
pansion of the paper.

205. The following illustration of this in-
fluence is attributed to Mr. Lane, the inventor
of the discharging eleetrometer. Roll up a piece
of soft pipe-clay, in the form of a small eylinder,

insert in it two wires, so that their ends,
without the clay, may be about one-fifth of an
inch from one another. If a charge be sent
through this clay, by connecting one of the wires
with the outside of a jar, and the other with the
inside, it will be inflated by the shock passing
between the two wires, and, after the explosion,
will appear swelled in the middle. If the charge
sent through it is too strong, and the clay not
very moist, it will be broken by the explosion,
and the fragments scattered in every direction.
To make this experiment with a little variation,
take a piece of t{;e tube of a tobacco-pipe, about
one inch long, and fill its bore with moist elay ;
then insert in it two wires, as in the above rolled
clay, and send a charge through it. This tube
will be burst by the foree of the explosion, and
its fragments will be scattered about to a great
distance. If, instead of clay, the above-men-
tioned tube of the tobacco-pipe, or a glass tube,
which will answer as well, be filled with any
other substance, either electric or non-electric,
inferior to metal, on making the discharge it will
be broken to pieces with |margr the same force.

206, The expansion of fluids by electricity is
truly remarkable, and often productive of some
singular results. When the charge is strong, no
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glass vessel can resist its force.  Becearia placed
a drop of water between two wires in the centre
of a solid glass ball of two inches in diameter ;
on passing a shock through the water the ball
was dispersed with great violence. Mr. Morgan
:,1|(:ceedl:i, by the same means, in breaking
areen glass bottles, filled with water, when the
distance between the wires that conveyed the
spark and the sides of the glass was upwards of
two inches.

207, A single spark may be made to perforate
a strong glass tube by the following simple
process : fill a small phial with olive oil, and in-
sert into it a pointed wire bent at right angles,
so that by sliding through a cork fixed in the
neck of the phial, the point of the wire may rest
against any part of the inside beneath the oil :
attach the phial by its wire to the conductor of
the machine, and bring the knuckle or a brass
ball near the outside of the phial, opposite to
the point of the wire within it; a spark will
pass from the point to the knuckle, and make a
small hole in the glass. By varying the situation
of the point, many such perforations may be
made in the glass.

208. Of this very singular experiment Mr,
Singer offers the following rational account.
The point, he says, serves as an internal coating
to a very small portion of the glass; and the
charge being prevented from extending, by the
surrounding oil, the whole power of the machjne
is concentrated in that point, and consequently
goon overcomes ils resistance.  Similar effects
will always result when a large quantity of elec-
tricity is suddenly transferred to a comparatively
limited surface.

209. Make a small mortar of wvory, with a
cavity of half an inch diameter and an inch
deep; insert two wires through the sides of the
mortar, so that their points within the cavity
may be separated by an interval of } of an inch ;
fit 2 cork cap so as to close the aperture as ac-
curately as possible without friction: when a
strong charge is passed through the wires, the
air within the mortar will be suddenly expanded,
and the cork projected to a distance with some
violence.

210. Satisfactory and striking as the preceding
experiments are, they appear inferior to the
following : in making experiments on the effects
of explosions of electricity sent through metgllic
bodies, Dir. Priestley found that a chain which he
had used as the medium of conveying the charge
was shorter after being used than it was before.
This led him to try the effect of a strong charge
on a definite length of chain: the charge was
sent from sixty-four square feet of coated surface,
through twenty-eight inches of chain, which, on
being measured again, was found to be con-
tracted a quarter of an inch in its whole length.

211, This experiment was. repeated by Mr.
Nairne with a piece of hard-drawn iron wire
ten inches in length, and s of an inch in di-
ameter. Through this wire he discharged twenty-
six feet of coated surface nine times; after the
sixth and the ninth time the wire was measured,
and it was found to be shortencd J of an inch
after each discharge. By farther discharges sent
through it, the wire was shortened 14th inch.
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That this contraction arose from expansion ap-
peared from the wire having increased in thick-
ness whilst it was dimini in length.

Sorip Bopies RurToRED BY ELECTRICITY.

212, The simplest form, perhaps, in which
this can be done, is to place on the table of
Henley’s discharger a piece of dry writing-paper,
and pass over it, by means of the pointed wires,
a powerful charge from a large jar; if the wires
be placed at about two inches asunder, and so
as to touch the ends of the paper, it will be torn
in Fieces. If, instead of the paper, a number of
waters be placed in the circuit, they will be cu-
riously dispersed, and many of them broken to
pieces.

213. Make two small holes in the opposite
ends of a piece of oak, of about half an inch’
long and a quarter of an inch thick ; introduce
two wires into the holes, so that their extremities
within the wood may be rather less than a quarter
of an inch distant; on passing a strong charge
from one wire to another, the wood will be split.
Several other substances that are imperfect con-
ductors, such as loaf-sugar, marble, &e., undergo
similar injuries, when introduced into an elec-
trical eircuit; and even the hardest bodies,
and the most perfect non-conductors, such as
glass, are perforated or broken by a strong
charge. i '

214. Lay a Eiece of plate-glass of about an
inch square, and half an inch thick, on the table
of the universal discharger, or screw it very
tightly within the press of the same; set the
prints of the sliding wires {:_Fpmile to each other,
and against the under surface of !herg"iass,,m
that the charge may pass along that surface. If
now a strong charge be passed in this way, the
glass will be broken into small fragments, and
some of it reduced to an impalpable powder.

215. The following experiment affords a
beautiful, though rather an expensive, illustration
of the same prineiple. Charge a very large jar,
and connect 1ts external coating with that of one
ten or twelve times smaller; form & communi-
cation between their internal coatings by the
discharging rod, and the small jar will be broken
in pieces, by the strength of the quantity of
cleetricity thus suddenly transferred to it.

IspLaMMaBLE Svestaxces KixpLep sy
Evzerricity,

216. Almost all inflammable substances may
be kindled by means of electricity, but those ge-
nerally selected for the purane of experiment
are resin, gunpowder, rectified spirit of wine,
ether, and hydrogen gas.

217. The common method of kindling resin
by the electric spark is to pulverise it, and dust
the er on some dry cotton wool. Thus, if
a small quantity of flax, or of cotton wool, be
loosely tied on one of the knobs of the dis-
charging rod, and a little finely-powdered resin
dusted on it, and a jar be discharged by bringing
the end of the rod thus prepared in contact with
the knob of the jar, the charge will through
the flax, or wool, and in so doing will melt and
ignite the resin, and set the whole on fire. A
very neat contrivance for giving this experiment
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a better effect is represented by fiz. 4. A s o
mahogany board, six inches in length, three in
breadth, and half an inch in thickness. I is a
glass pillar fixed in the middle of A, and sup-
porting a piece of wood C, which is three inches
long, an inch and a half broad, and about three
quarters of an inch thick. In each end of this
piece there is a small screw-ring : the extremities
of these screws just touch a wire proceeding to
each of them from two small brass knobs in-
serted at the ends of a shallow groove on the
upper side of C; these rings serve to hook the
chains on when the instrument is used. On the
back part of C stands the perpendicular piece D,
in the top of which is fixed the brass pin E. To
use this Smr the purpose of igniting resin, it is
only necessary to dust the cotton with powdered
resin, and h it on the pin E, letting the
lower part of it reach down to the piece C.
Connect one end of C with the inside of a jar
and the other end with the outside; discharge
he jar, and the fluid in passing between the two
emall brass knobs will inflame the resin and
kindle the cotton.

218. But the inflammation of resin is rendered
atill more striking by the following experiment :
leta flat porcelain dish be filled with water, and
on the surface of the water strew a quantity of
finely powdered resin; place two wires at the
opposite sides of the dish, having their ends
near the surface of the water, and at about the
distance of four inches from each other. Pass
the charge of a large jar through this cirenit, and
the resin which forms a part of it will be beau-
difully inflamed.

219. The firing of gunpowder by the eleetrical
explosion requires considerably more care and
arddress than the firing of resin. It may, how-
ever, be effected by the following method : take
either a large goose-quill or a smalk cartridge of

aper, and fill it with gunpowder ground very
ine ; into this insert two wires, one at each ex-
tremity, so that their ends within the quill or car-
tridge may be about one-fifth of an inch from
each other: this done, send the charge of a phial
through the wires; and the spark between their
extremities, that are within the cartridge, or
«uill, will inflame the gunpowder. If the
gunpowder be mixed with steel-filings, it will
Aake fire more readily, and with a véry small
.charge,

220. Rectified spirit of wine, or ether, may be
thus inflamed by a single spark from the eon-
ductor of the machine when in action : hang to
the gri!m} eonductor a short rod having a small
knob at its end ; then pour some spirit of wine,
a little warmed, into a metallic spoon; hold the
spoon by the handle, and place it so that the
small knob on the rod may be about one inch
above the surface of the spirit.  In this situation,
if a spark be taken from the knob, it will set the
spirit on fire. ‘This experiment may be varied
and rendered very agreeable to a company of
spectators, A person standing upon the insu-
lating stool, and communicating with the prime
conductor, may hold the spoon with the spirit in
his hand, and another person standing upon the
floor may set the spirit on fire by bringing his
finzer within a small distance of it. Instead of
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his finger, he may fire the spirit with a piece of
ice, when the eflpe;ime,ut will seem much more
surprising. If the spoon is held by the person
standing upon the floor, and the insulated person
brings some conducting substance over the sur-
face of the spirit, the experiment suocceeds
equally well. This experiment is sometimes
rendered still more striking in the following
manner : near the prime conductor of the ma-
chine, plar:u on the table three wine glnsses;
connect the first glass with the conductor by a
brags chain, which will reach to the bottom of
it; and with it let the second and third be eon-
nected by a piece of fine brass wire, bent in the
form of the letter A, TFill the first and second
glasses with water, and into the third pour a
little ether; turn the machine, and with a wire,
having a small ball affixed to it, draw a spark
from the ether, and it will be immediately in-
flamed.  In this experiment the electric fluid
had to pass through two distinet portions of
water before it could come to the ether.

221. Hydrogen gas is generally inflamed by
the electric spark in the following manner: take
a brass cannon, such as is represented in fig. 5,
and charge it with hydrogen gas by holding the
mouth of it for about half a minute over a stone
or glass bottle in which the gas is generated,
and then fix the cork tightly into the mouth of
the cannon.  The person who is to discharge it
must now stand on the insulating stool, and,
holding in his hand a chain attached to the prime
conductor, must, with a wire and ball held in
the other hand, communicate a spark to the knob
of the cannon : this spatk will pass into the in-
terior of the eannon through the glass tube B,
and the gas will instantly explode with a loud
report, and the cork will be driven out 10 a eon-
siderable distance. This experiment may be
rendered more effectual by mixing about one-
third of oxygen with the {iy{lmg—en gas; or, if
oxygen cannot be conveniently procured at the

time, the operator may easily contrive to have

some atmospheric air in the cannon, which will
render the hydrogen gas more explosive.

232, The very great ease with which inflam-
mable air 15 kindled by even a small spark of
clectricity seems to have suggested to M. Volta
the idea of what he calls his inflammable air-
lamp, an instrument which appears to have laid
the foundation for the patent apparatus for ob-
taining instantaneous light.  This curious instru-
ment is represented in fig. 6, where A is a glass
globe for containing hydrogen gas; B a glass
reservoir for holding water; and D a stop-cock,
by which a communication is formed between
the water and the The water passes into
the globe through the pipe gg, which is fixed
into the top of the reservoir A; ats there iz a
cock to cut off or open a communication between
the air and the jar K. N is a contrivance for
holding a wax-taper; L a brass pillar, en the
top of which is fixed a ball of the same metal ;
ais a pillar of glass, with a socket at the top,
in which the wire b slides, havingz a ball screwed
on the end of it. F is a cock by which flle
rlobe is filled with hydrogen gas, and which
afterwards serves to confine it, and what water
falls into B and A. To use this instrumnent,
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having filled the globe with gas, and the reser-
voir A with water, turn the cocks D and s, and
the water will fall into the globe, forcing up
a quantity of gas, which will rise through the
pipe K. If, now, an electric spark be made to
Fﬂsa from the ball m to that marked =, it will set
ire to the gas which passes through the pipe K.
To extinguish the lamp, first shut the cock s,
and then D. The gas iz obtained in the usual
way, from diluted sulphurie acid and iron fil-
ings; and the globe is to be filled in the follow-
ing manner:—Having previously filled it with
waler, place the foot R in a vessel of water, so
that it may be covered, and the bent glass tube,
through which the gas is to be introduced, may
pass commodiously below the foot. When the
as has displaced nearly all the water, turn the
cock F, :ms the lamp is ready for use.

223. This instrument is sometimes constructed
50 as to be connected with an electrophorus for
the purpose of producing a light at pleasure. In
this case the electrophorus is placed in a box
beneath the vessel containing the hydrogen gas ;
from this box a wire passes through a glass tube
to the opening of the stop-cock. The cover of
the electrophorus must be connected by a silk
string with the handle of the stop-cock, so that
the same motion that opens the cock, may raise
the cover of the electrophorus, and the spark
that strikes from it be conveyed by the insulated
wire to the stream of gas, which it inflames,
This effect will take place every time the stop-
cock is opened, for the electrophorus will pro-
duce sparks for a considerable time, without any
fresh excitation; and the quantity of gas con-
sumed at each repetition of the process is very
small, so that a light may be obtained above a
hundred times before the contents of the reser-
voir are expended ; and it may then be easily
replenished.

224. But by far the most remarkable effects
of electricity in producing combustion, result
from its action on metallic substances. This
mpeny of the electric matter seems to have

n first observed by the celebrated Dr. Frank-
lin, who made several experiments on the sulb-
ject.  These experiments were repeated and ex-
tended by Mr. i’(inntﬂ]}', and also by Beecaria ;
and have since then been prosecuted with great
accuracy by Mr. Brook, JJr. Van Marum, AMr.
Cuthbertson, Mr. Singer, and others. In treat-
ing on this part of the subject, we shall, as in
the preceding instances, give a course of pro-
oressive Experirnenr_a, which may be made with
an apﬂmpnme apparatus, from a single jar of a
iolerably large size, up to a powerful battery,
previously remarking that the whole of the ap-

aratus must be in the very best state in which
it ¢an be put, otherwise disappointment, in many
cases, and inaccuracy in all, will be the result.

225. The slightest indication of the fusing of
metallic substances is observed in the discharge
of the Leyden phial: on this occasion, if the
discharge be made by means of the common
discharging rod, the knob that touches the out-
side -C'Dﬂting will be found to adhere 515.ghllj" to
the jar after the discharge ; and this arises from
the fusing of a small portion of the tin-foil
" ecating, ;

ELECTRICILITY.

226. This may be rendered very obvious by
the following experiment :—Charge a large jar,
and place a smooth piece of coin between the
knob of the discharger and the coating of the
jar; when the discha has been made, the

iece of coin will be I‘ﬁum.‘. slightly adhering
1o the tin-foil, by its fusion at the point of con-
tact, and will remain so as to require some force
to separate them.

227. Dr. Franklin's experiments on the fusing
of metals may be thus imitated :—Take three
pieces of window-glass, each one inch wide, and
three inches. long, and place them contiguous
to each other, with two narrow strips of gold-
leaf between them, so that the middle glass may
have, on each side of it, a strip of gold, with
its ends Emjmling a lile beyond the glass.
Let the whole be properly secured within the
press of the universal discharger; pass the cha
of a large jar l.hrough the strips of gold, they
will be melted and driven into the glass. The
outer pieces of glass are generally broken, but
the middle piece is often left entire, and &
marked with an indelible metallic stain on each
of its surfaces.

228, The colors produced when metals are
thus fused, either on glass or paper, are some-
times exceedingly beautiful, and have been in
some cases emaployed in impressing letters, and
ormaments of various kinds, on silk and paper.
The process observed in such cases, Mr. Singer
thus describes in his Elements :—f The outline
of the required figure is first traced on thick
drawing paper, and afterwards cut out in the
manner of stencil ﬁ]ateu. The . drawing fa .
is then placed on the silk or paper inten em
be marked ; a leaf of gold is laid upon it, and
a eard over that; the whole is then placed in a
wress, or under a weight, and a charge from a

ttery sent through the cold leaf. The stain is
confined, by the interposition of the drawing
paper, to the limit of the design ; and in this way
a profile, a flower, or any other eutline figure
may be very neatly impressed.’

220. 1In deseribing Cuthbertson’s electrome-
ter, No. 177, we made some remarks on the
fusing of wire, by passing through it the dis-
charge of accumulated electricity; it may be
necessary 1o offer here some general observa-
tions on the same subject; and to give some
account of the resulis of the experiments made
by those whose names we have already enu-
merated.

230 For the fusing of wires of different lengths
very large batteries were formerly considered as
indispensable ; but Mr. Singer observes, that, if
the wire be sufficiently fine, a single jar, ex
ing a coated surface of about 190 square inches,
will be sufficient to afford an example of the
effect. The finest flattened steel wire, sold at
the watchmakers' tool shops under the name of
pendulum wire, is the best for the purpose; harp-
sichord wire not- being fine enough, excepting
where great power is used. Cuthbertson’s
Balance Electrometer should be invariably used
fo regulate the charge ; the circenit made as short
as possible ; and the wire to be fused placed in
a straight line, and held at the ends between
a small forceps made of wire.
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231, The following 15 the substance of Mr.
5!11!?191-'3 remarks on the numerous experiments
essts, Brook and Cuthbertson on the fusion
of metallic wires. Their conclusion was, that
the action of electricity on wires increases in
the ratio of the square of the increased power:
since two jars, charged to any degree, will meet
tour times the length of wire that one jar will
melt; and this will be again quadrupled by
doubling the height of the charge.

232. This law, adds Mr. Singer, I have found,
obtains in all accurate experiments with mo-
derate lengths of wire; and it is apparent in
Mr. Cuthbertson's experiments, to some extent.
His batteries usually contain fifteen jars, and
one of these is just sufficient to fuse half an
inch of wire of yth of an inch diameter: but
the whole fifteen jars eombined, will fuse sixty
inches of the sume wire. Mr. Singer made
some experiments with an iron wire of ghth of
an inch diameter, on an extensive scale; but he
found that some of the charge was lost in per-
vading such a considerable length of wire, so
much so, that the expiosion of the battery, at
other times remarkably loud, was then scarcely
audible. With a battery, however, of forty feet
of coated surface, Mr. gliger says he frequently
melted eighteen feet of the aﬁm’e—mnnliuneci
wire by a single explosion, and the phenomena
were remarkably brilliant ; a shower of intensely
ignited globules being dispersed in every direc-
tion. This law, however, Mr. Singer found to
vary with the thickness of the glass employed ;
thick jars displaying the same intensity with a
comparatively small quantity of electricity ; and
consequently having, as he expresses it, less
wire-melting power.  Of this he produces a
proof, furmshed by his | Leyden jar, to
which we have already alluded ; this jar, from
the extent of its coated surface, ought to have
melted three feet of wire, with a charge of thirty
grains ; but from its extreme thickness, which
limited its electrical virtue, it would only melt
eighteen inches. Mr. Singer remarks, that this
18 mrrl:-apﬂnd&nt with the conclusion of M. Ca-
vendish, that the quantities of electricity re-
quired to charge difterent coated jars of the same
extent, will be in the inverse proportion of their
thickness.

233. The fusion of wire may therefore be em-
ployed as a measure of the quantity of electricity
accumulated on any charged surface; for the
preceding experiments show that any given
quantity of electricity will fuse the same length
of wire, whether that surface he disposed on two
jars or one; hence it may be inferred that the
actual intensity of a charge does not materially
affect its power in melting wire. This test is
therefore practically useful ; for the various elec-
trometers measure only the intensity, and are as
much affected by ome jar as by a battery of
100. When the fusion of wire is employed
as a test of electrical power, care should he taken
that the length of the circuit be always the same,
and that the degrees of ignition be uniform ; for
a wire may be melted with but slight variations
of appearance when very different portions of
alecmtitg' are passed through it e lowest
degree of perfect ignition ought therefore to be
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obtined in all comparative experiments ; and, as
sopn as the discharge is made, the wire should
become red-hot in its whole length, and then fall
into fine globules.

234. The gradually increasing effects pro-
duced are very remarkable, when, on wires of the
same length and diameter, progressively strong
charges are transmitted. If the charge be very
low, it is found that the color isa::ﬁn%:d to
yellow; it then becomes blue by a higher charge ;
then red-hot; then red-hot and melted into balls ;
and, if we increase the charge still further, it
becomes red-hot, and drops into balls, then dis-
perses in a shower of balls, and finally disap-
pears with a bright flash, produecing an apparent
smoke, which turns out when collected to be a
fine powder, consisting of the metal combined
with oxygen, and weighing more than the metal
which was originally fused.

235. The experiments and results already
enumerated do by no means form the boundary
of the power of the electrie fluid ; bodies which
resist the most intense heat, produced in the
common way, are by it converted into oxides in
a moment. OF this more will be said in a future
part of this article; in the meantime a few ex
amples may be given, which properly belong to
the present. The most laborious experimenters
on this part of electricity have been Cuthberison
and Singer, of whose operations we shall here
avail ourselves, as being both numerous and
valuable. The apparatus used by Mr. Cuth-
bertson, and, in some of his experiments, by Mr.
Singer also, may be thus described :—

236. It consists of a glass eylinder a b, hig. 7,
about eight inches high, and two inches and a
half diameter, mounted air-tight with two brass
caps, On the lower cap a is screwed a stop-
cock, and above the cap is fixed a small roller,
on which a quantity of wire, attached to & pack-
thread at intervals of four inches, is coiled. A
brass tube ¢, about three inches long, is screwed
into the centre of the upper cap b, and, by means
of a long needle, the end of the packthread and
wireistﬁmst through it, and hog’s lard is placed
in the tube, so that the wire and packthread
shall always move through it air-tight. In this
way the wire is extended in the centre of the
cylinder, and, when one length is exploded,
another may be drawn forward by means of the
packthread, without opening the cylinder. For
ascertaining the quantity of air absorbed during
the process, a gange, represented by A,about ten
inches long, made of a glass tube, is screwed
into the lower end of the stop-cock, and immer-
sed in a vessel of quicksilver, the rise of which,
when the stop-cock is opened, will be a measure
of the air absorbed. The air left in the receiver,
after a nomber of explosions, is always found to
have been deprived of a portion of its oxygen ;
and, if hydrogen or nitrogen gas be substituted
inﬂpim of atmospherie air, the metal will not
suffer any oxidation, but will be fused, and
minutely divided.

237. To accomplish the complete oxidation
of metallic substances,a higher power is required
than that which is merely adequate to fuse them.
The following is & stayfement of the comparative
strength of the charges which Mr. Culghemun
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employed in exploding the wires mentioned, the
length of each wire being ten inches : the coated
su was the same inall the experiments, viz.
one of his batteries of fifteen jars, exposing
seventeen feet of coated surface. The column
marked A, shows the diameter of the wires in
parts of an inch; B the number of grains with
which the electrometer was loaded ; and C the
color of the oxide deposited on the receiver :—

A. B C.
Load wire . . g 20 . Light grz?(l.
Tin wire & - 30 . Nearly white.
Zine wire . . & . 45 . Nearly white.
Iron wire . . 4l . 35 . Reddish brown.
Copper wire . 4 . 35 . Purple hrown.
Platina wire . o . 35 . Black.
Silver wire . . o . 40 . Black.
Gold wire - . ls . 40 . Brownishpurple

238. Mr. Singer was of opinion that the
charges here given b Mr. Cuthbertson were
rather high, and attended with considerable risk
of fracture 1o the, jars: he repeated the experi-
ments with shorter lengths of wire, and of less
diameter; and with more moderate charges
obtained the following results :—

A B C.

7k 18 Purple and brown.

dy 18 Gray, brown, and green.
13 Gray and light brown.

12 Green, yellow, and brown.
12 Light brown.

11 Yellow and gray.

17 Dark brown.

Tead wire . 14 10 Brown and blue gray.
Brass wire . ¢; 12 Purple and brown.

239, In the above experiments Mr, Singer
did not use the receiver ; the wires, which were
five inches in length, were stretched parallel to
the surface of a sheet of paper, and distant from
it about one-eighth of an inch. DBrass wire is
sometimes decomposed by the electrical charge,
in which case its component parts, copper and
zine, are separated from each other, and appear
in their distinet metallic colors when the explo-
sion is made over a piece of glass. + Indeed the
figures of all the oxides are most beawtiful when
impressed on glass, although their colors are
cértamly less permanent.

240. This most amazing power of the electric
matter is not only adequate to the oxidation of
metallic substances, bt is yet more remarkable
in restoring oxides, alrcady formed, to their
metallic, or original state, for which purpose a
very simple process will be found sufficient.

241, Intoa small glass tube introduce a little
of the oxide of tin: let it cover about half an
inch of the lower internal surface. Place the
tube thus prepared on the table of Henley's
discharger, and introduce the pointed wires at
each end, that the oxide may mm part of the
circuit. Pass now several strong charges in sue-
cession through the tube, taking care to replace
the oxide in its proper situation, should it be
dispersed.  1If the charges are strong, the tube
will soon become stained with the tin revived
from the oxide.

242, In the zame way other metallic oxides
may be revived ; but if vermilion be employed,

Gold wire
Silver wire
Platina wire ¢y
Copper wire g
Iron wire .
Tin wire . 4
Zine wire .
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which consists of sulphur and mercary, the mer-
cury will be separated with such ease as that the
charge of o moderately sized jar will be found
quite sufficient.

Drcoxrositioy oF WaTER BY ELEeTRICITY.

243. The decomposition of water by electri-
city was first effected by Van Troostwyk and
Deiman, assisted by Mr. Cuthbertson ; this they
effected by means of a complicated apparatus,
and a very tedions process. Their method of
procedure was improved on by Dr. Pearson,
and after him by Mr. Cuthbertson: but the most
simple form_of an apparatus for this purpose is
that of Dr. Wollaston, This apparatus 1s thus
constructed :—Two finely pointed wires of gold
or platina are inserted into capillary tubes ; each
wire is thrust into the tube till it nearly reaches
the end of it, and the glass is softened by heat
until it adheres to the wire and covers its point.
The glass is then carefully ground away, ull the
point of the wire can be seen by the help of a
magnifying glass.  One of these wires is made to
communicate with the ground, or with the nega-
tive conductor of the machine, and the other
with an insulated ball placed near the positive
conductor, the two points are placed near each
other in a vessel of water; when a current of
sparks is discharged through the wires, a series

minute bubbles of gas will rise from the points
of the gold wires, and, when collected in an
inverted receiver, will explode on the application
of a lighted taper. Dr. Wollaston found by
experiment, that a point <5 of an mch in dia-
meter, decomposed the water when the spark
which passed from the conductor to the insulated
ball was } of an inch in length ; and that a point
s of an inch in diameter, produced the same
effect when the sparks were only P}, of an inch
in length, Hence the rapidity of the decom-
position was in proportion fo the limited size of
the point of the wire.

244. Of the results obtained in some experi-
ments made with this apparatus, Dr. Wollaston
gives the following account. By transmitting a
current of sparks by means of two gold points
over the surface of a card a little moistened, and
tinged with litmus, and placed between the
points, a redness was perceived about the positive
wire after a few turns of the machine. When the
negative wire was placed upon the red spot it
was quickly restored to its former color. Hence
he infers that the effect of an acid is produced at
the positive wire ; and that this effect is counter-
acted by reversing its electricity. -

245. Dr. Wollaston next coated two wires
with sealing—ww, g -that their ends only. were
exposed : these he inserted into a solution of
copper, and found that, on transmitting a current
of sparks hetween them, the negative wire was
coated with cn[:gor: the electricity of the wire
being reversed, the copper quickly disappeared

246. When it 1= wished to decompose oils,
alcohol, ether, &c¢., a much more simple, and less
expensive apparatus will be found to answer
every purpose. This apparatus, which is repre-
sented by fig. 8, consists of a glass tube having a
platina wire projecting from the top inwards and
reaching nearly to the lower end. The lower
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extremity is open, and is placed in a metallic
dish nearly filled with the fluid which is to be
dmmposed. The eylinder must be filled with
the fluid as roceivers :{fhﬁlim::lhwiﬂl water in the
neumatic trough. ‘hen charges are sueces-
ri?ely sent through the wire, the fluid will be
gradually decomposed, and the gaseous product
rising to the upper part of the cylinder will dis-
lace the liquid. In all experiments of this kind
Em glass used ought to be very strong to resist
the expansion caused by the explosion.
247. Having spoken of the decomposition of
water by means anl.hE electric fluid, it may he pro-
er just to notice the process of forming water
from the gases that compose it, by the action of
the same agency. For this curious experiment
Mr. Singer employed the apparatus represented
in fig. 9, which consists of a stout glohe of glass,
with a stop-cock, having a wire passing through
itz centre to within a short distance of the cap to
which the stop-cock is serewed. The zlobe must
be exhausted by means of an air-pump, and then
screwed on @ receiver containing a mixture of
oxygen and hydrogen gases, furnished with a

MIXED GASES.

Atmospheric air and hydrogen
Oxygen and hydrogen . et
Chlorine and hydrogen . . . . .
Muriatic acid and oxygen .
Carbonic oxide and oxygen
Nitrogen and oxygen :
Sulphurous acid and oxygen . A
Phosphureted hydrogen and oxygen
Sulphureted hygmgen and oxygen
Oxygen and ammonia . . . .
100 olefiant gas and 284 oxygen .
100 olefiant gas and 100 oxygen .

100 carbureted hydrogen and 100 oxygen
100 carbureted hydrogen and 200 oxygen

COMPOUND GASES.
Muriatic acid .
Flooricassd . . . . .
Nitrous gas . . . . =« =
Carbonic acid . . .
Sulphureted hydrogzen .
Phosphureted hydrogen
Ammonia At e JcE
Olefiant gas . . .
Carbureted hydrogen

The results marked with a star are given oo
the authority of Dr. Henry and Mr. Dalton. In
making the above experiments when the mixture
consisted of inflammable gases with oxygen, the
change was usually effected by a single spark ;
but in other cases it was found necessary to eon-
tinve the current of sparks for many hours,

Freerricat CoxrFIoURATIONS,

249, This is a most interesting and curious
branch of mechanical electricity, and one which
certainly challenges a more vigorous endquiry than
has hitherto been made respecting it. It 1sthought
by some that the iments which we shall here
briefly notice afford satisfactory proof that elee-
tricity is the real cause of erystallisation. The
subject seems to have been first noticed by pro-

stop-cock. When the cocks are opened, the
globe will be filled with the gases: they must
then be shut, and a spark passed from the wire
in the inside of the globe to the eap. A bright
flash follows, and the inside of the globe becomes
covered with moisture ; the cocks are then to be
opened, and more gas will rush into the globe,

e cocks bemng again closed, a second explosion
may be made, which will increase the dew on
the inside of the globe ; and the experiment may
be repeated in this way until drops of water may
he ohserved.

248. Such experiments as the preceding
naturally led to numerous others on various
liquids and also on different gaseons bodies : to
detail these would be foreign to our purpose;
F‘cl 1] rass them over in silence would be to do
them injustice. We shall, therefore, merely give
the results of some remarkably fine experiments
by Cavendish, and others, as drawn up in a
tabular form by Mr. Singer. The numbers pre-
fixed to some of the gases indicate the propor-
tionate measures employed of each.

RESULT.

. Water and nitrogen.
Water.

. Muriatic acid.

. Chlorine.

. Carbonic acid.
Nitrie acid.
Sulphurie acid.
Water and phosphoric acid.
Water and sulphurous acid.
Water and nifrogen.®
Carbonie acid and water.

. Carbonic oxide and hydrogen.
Carbonic oxide and hydrogen.
Carbonic acid,

RESULT.
H n.#*
H e s
Nitric acid and nitrogewn.
Carhonic oxide and oxygen.
Sulphur and hydrogen.
Phosphorus and hydrogen.
Hydrogen and nitrogen.
Charcoal and hydrogen.
Charcoal and hydrogen.

fessor Lichtenberg, of Gottingen, and afterwards
by Mr. Bennet, Cavallo, and others.

230. Excite a plate of any resinous substance,
as gum-lac, by friction, and let any metallic body
of any shape whatever, a brass ring for instance,
be placed upon the plate. Let the ring be then
electrificd with an electricity opposite to that of
the plate, and afterwards removed from the plate
by a stick of sealing-wax, or any other non-con-
ductor. Let some powdered resin be now shaken
upon the plate, then if the plate has been excited
negatively, and the brass ring positively, the
powder will fall i:-nl?' on those points of the plate
that were touched by the ring, and will form
radiating appearances resembling stars, while
almost no powder will be found on any other
part of the plate. If, on the uﬂ\tr}]'ﬁm'f], the

i 2
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plate has been electrified positively; while the
ring was electrified negatively, the powdered
resin will fall only on the parts of the plate
which were formerly uncovered, the figures being
now indicated by the absence of the powder.

251. Mr. Bennet who eated with much
care the experiments of Lichtenberg, has given the
following account of the method which headopted
for rendering figures produced in this way per-
manent. When it is wished to make the figures
red, ¢ Take a pound of rasped Brasil wood ; put
it into a kettle with as much water as will cover
ity or rather more : also put in about an ounce of
gum arabic, and a piece of alum about the size of
a large nut; let it boil about two hours, or till
the water be strongly colored ; strain off the ex-
tract into a broad dish, and set it in an iron oven,
where it is to remain till all the water be evapo-
rated, which with me was effected inabout twelve
hours ; but this depends on the heat of the oven,
which should not be so hot a8 to endanger its
burning. Sometimes I have boiled the strained
extract till it was considerably inspissated before
it was dplal:&fl in the oven, that it might be
sooner dry.
25%. ‘r{"-’lmn it is quite dry, but not burnt,
scrape it out of the dish, and grind it in a mor-
tar till it be finely pulverised. In doing this,
it is proper to cover the mortar with a cloth,
having a hole through it for the pestle, to prevent
the powder from flying away and offending the
nose, and also to do it out of doors if the weather
be dry and calm, that the air may carry away the
powder necessarily escaping, and which other-
wise is very disagreeable. When ground, let
it be sifted through a fine hair sieve, returnin
the coarser part into the mortar to be gmuns
again.

253. ¢ The plate T have mostly used, was com-
Eg:d of five pounds of resin, half a pound of

vy, and two ounces of lamp-black, melted

together, and poured upon a sixteen inches
square, edged round with slips of wood, at least
half an inch high, to confine the eomposition
whilst fluid : the plate was thus half an inch
thick, which is better than a thinner plate, the
figures being more distinet.  After the compo-
gition is cold, it will be found covered with
small blisters, which may be taken out by hold-
ing the plate before the fire till the surface be a
little melted, then let it cool again; and upon
holding it a second time to the fire, more hlis-
ters will appear; but by thus repeatedly heating
and eooling “the surface, it will at last become

rfectly smooth.  Some plates were made
smaller, and the resinous eomposition eonfined
to the form of an ellipsis, a circle, or escutcheon,
by a rim of tin halfwan inch broad, and fixed
upon A board. |

254. ¢ The next thing to be done isto are
the paper, which is to be softened in water, either

1(;?.{ laying the pieces upon each other in a vessel

cold water, or first pouring a little hot water
upon the bottom of a large dish; then laying
upon it a piece of paper, so that one edge of the
paper may lie over the edge of the dish, to re-
main dry, that it may afterwards be more con-
veniently taken up. Then pour more hot water
upon its upper surface. Upon thisplace another

ELECTRICITY.

piece in the same manner, again pouring on more
water, and thus proceed till all the pieces are
laid in. By using bot water, the paper will be
softened in a few minntes.

255. * When the figures are 1o be made, the
resinous plate must I'e horizontally; whilst the
electricity is communicated, if the experiment
requires any thing to be placed ppon the plate:
but it is convenient afterwards to place it in a
vertical position whilst the powder is projected,
lest wrgr] much powder should fall where it is not
required.

Eqﬂ.‘jﬁ. ¢ A little of the powder may be taken
between a finger and thumb, and projected by
drawing it over a brush; or, what is better, a
quantity of it may be put into the bellows and
blown towards the plate. When the figure is
sufficiently covered with powder, let the plate
be again laid horizontally upon a table; then
take one of the softened papers out of the water
by its dry edge, and lay it carefully between the
leaves of a book, pressing the book together, and
permitting it to lie in this situation about half a
minute, en remove the paper to a dry place
in the book, and press it again about the same
time, which will generally be sufficient to take
ofi’ the superfluous moisture. Then take up the
paper I}}llﬁ: two corners of its dry edge, and
place the wet edge a little beyond the figure on
the resinous plate, lowering the rost of the piece
gradually till it covers the figure without shiding ;
then lay over it a piece of clean dry paper, and
press it gently ; let it remain a short time, and
then rub it closer to the plate with a cloth ; or,
which is better, press it down by means of a
wooden roller covered with cloth, taking care
that the paper be not moved from its first posi-
tion.

257. * When the paper is sufficiently pressed,
let it be taken up by its dry edge, and laid upon
the surface of a vessel of water, with the printed
side downwards ; by this means the superfluous
powder will sink in the water, and the figure will
not be so liable afterwards to spread on the
paper. After the paper has remained on the
water a few minutes, take it up and place it be-
tween the leaves of a book, removing it fre-
quently toa dry place. If it be desired that the
paper should speedily dry, let the book-
leaves in which it is to be placed be previously
warmed, and by removing it to several places it
will be dry much sooner than by holding it near
a fire. By the above process, it is obvious that
leather, calico, or linen, as well as paper, may
be printed with these figures, and the effects of
the diffusion of electricity upon a resinous plate
be exhibited to those who have not leisure or
inclination to perform the experiments.’

258. To the above it may be proper to add,
that with a resinous plate of the kind now de-
scribed, a very beautiful exhibition may be made
of the different powers of positive and negative
electricity. ‘For this- purpose prepare equal
Euantil'tas of red lead and resin, by weight,

nely powdered and intimately mixed, by being
sifted together through a fine hair sieve. Put this

der into *a bottle of India rubber for use.
et now a small jar be charged at the positive
conductor of the machine, and, with its knob,
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guickly write the letter I on the resinous plate :
take the bottle containing the mixed €T3,
and by gently striking the sides of it between
the palms of the hands, the mouth of it bein

directed towards the plate, which must be plac

in & vertical position, project on the electrified
part a little of the powder, and the letter will
instantly appear, well defined, and covered with
the red lead, while the resin will be dispersed.
If now the whale be wi.]Jel:l elean off, and, with a
jar eharged at the negative conductor, the letter
N be written on the plate, and the powder pro-
jected as before, it will be found that the nega-
tive electricity has selected the resinous particles
for the formation of the letter, while those of
the red lead have been rejected. '

Macxeric Frreers or ErectriciTy.

250, The connexion between magnetism ana
electricity will be fully treated of in a subse-
quent part of this article; at present we shall
merely offer the following general remarks in
the way of showing the amount of what was
known on the subject previously to the interest-
ing discoveries recently made.

260. Dr. Franklin appears to have been the
first who paid any serious attention to this sub-
jeet. He sent the charge of some large electrical
jars through fine sewing-needles ; the ends of
the needles were rendered blue, and on being
carefully laid on water they traversed, evincing
evident proofs of polarity. The most remark-
able circumstance attending these experiments
was, that if the needle lay east and west when
the charge was passed through it, the end which
was entered by the fluid pointed to the north:
but if it lay south and north, the end which lay
pointing to the north would continue to do so,
whether the charge entered by that end or the
other; although the Dir. imagined that a sull
stronger charge would have reversed the poles,
even in that situation, since this effect been
actually produced by lightning. The polarity
he also found to be strongest when the needle
received the charge while lying north and south,
and weakest when it lay so as to point east and
west.

261. But the experiments most to be relied
on were made by Van Marom with the large
machine and battery in the Tylerian museum at
Haarlem, He and his assistants tried to give
?ﬂiarit to needles made of watch-springs, of
rom three to six inches in length; and also to
steel bars nine inches long, from a quarter of an
inch to half an inch broad, and about a line in
thickness. The result was, that when the bar
was placed horizontally in the magnetic meridian,
whichever way the shock entered, the end of it
that stood toward the north acquired the north
polarity, and the opposite end acquired the
south, If the har, before it received the shock,
had some polarity- and was placed with its poles
coutrary to the usual direction, its natural polar-
ity was uniformly diminished, and often reversed ;
o that the extremity of it, which in receiving
the shock pointed to the north, became the north

-pole, &e,

262. When the bar was struck standing per-
pendicularly, its lowest end became the north
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pole in any ease, even when the bar had previ-
ously some magnetism, and was placed with the
south pole downwards, Things remaining the
SAme, tj:e bars seemed to acquire an equal degree
of magnetic power, whether they were struck
whilst standing horizontally in the magnetic
meridian, ulreedperpend.icular to the horizon.
When the needle was placed in the magnetic
equator, whichever way the charge entered, it
never produced any wagnetism; but if it was
passed through s width, then the needle
acquired a considerable degree of magnetism,
and the end which lay towards the west became
the north pole, and the other end the south pole.
If a needle or bar, already magnetie, or a real
magnet, was struck in any direction, its power
was always diminishgd,, For this experunent
they used considerably large bars, one of which
was 708 inches long, 0026 broad, and 0-05 thick.
When the shock was so strong in proportion to
the size of the needle, as to render it hot, then
the needle generally acquired no magmetism at
all, or very little. These experiments were made
with the power of a battery composed of 135

hials, contaming among them about 130 square
eet of coated surface,

Mepicar. Lrectricioy.

263. The very remarkable properties of the
electric fluid seem to have occasioned the appli-
cation of its powers to organised bodies at an
early period of its history; and the results,
whether real or imaginary, gave rise to various
opinions, which are now only viewed as monu-
ments of credulity and imposture. It is not pur
intention to enter here minutely into an investi-
gation of this department of the science of elec-
tricity ; yet, although this would be improper on
several grounds, we must not pass it over in
silence. The application of electricity as a
medical agent has recently been much revived ;
but that application is, we believe, most suceess-
fully made in the form of Volic electricity ;
and will therefore fall, with more propriety,
under consideration in another place. From the
numerous respectable testimonies extant, as to
the real utility of electricity in the healing art,
we shall make a choice selection, which it is
hoped will satisfy the reader, that in the hands
of a skilful operator, it may he applied in nume-
rous instances with certainty of success. Let it
however be observed that no one ought to attempt
its application who is not thoroughly conversant
with the use of the apparatus, and capable of
forming a correct judgment, as to the strength
and duration of the application. -

264. Speaking of the power of the apparatus
which ought to be usedp in the application of
electricity for medical purposes, Mr. Singer
Jjustly remarks, that the machine employed ought
to be such as will furnizh a constant stream of
sparks ; if a plate machine, it ought to be two
feet in diameter ; if a cylinder machine, not less
than ten inches, and fourteen if possible. Ma-
chines called medical electrical machines, ars
sometimes made on a very smail scale, and henes
the application of them only produces trouble,
waste of time, and final disappoiniment.

265. In connexion with a pmcerful electrical
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machine, the auxiliary apparatus requisite for
medical purposes are the following :—A jar
fitted up with Lane’s electrometer, by which
shucks may be given of any required force. A
wir of directors, each consisting of a glass han-

le, surmounted by a hrass cap with a wire of a
few inches in length, havinga ball screwed on its
extremity, which may be occasionally unscreweid
and a wooden point substituted for it. When
shocks are given by means of these directors,
they must he applied at the opposite extremities
of the part through which the charge is required
to pass ; and being respectively connected by
conducting wires, the one with the outside of the
jar and the other with the receiving hall of the
electrometer previously placed at the requisite
distance, the jar may be set to the machine,
which is then put in motion until any required
number of shocks has been given.

266, The insulated director is also employed
to give sparks, being held by its glass handle,
and its ball previously connected with the con-
dutter by a fine chain leing hrought near the
patient, or rubhed lightly over a piece of flan-
nel or woollen eloth laid on the affected part.
When the cye or any delicate organ is electrified,
the ball of the insulated director is unscrewed
and the wooden point applied, at the distance
of ahout half an inch from the part. The stream
of electricity which Ensses from the point, in such
cases, produces rather a pleasant sensation than
otherwise.

267. An insulated stool is sometimes em-
plq:-gvad; it should be of sufficient size 1o receive
a chair upon it, with a resting place in front of
the chair for the feet. The dpmient being placed
on the insulated chair, and connected with the
conductor of the machine by means of a chain,
sparks may be drawn from any part of the body
by a persen who stands on the ground and pre-
sents a birass hall to it

268. "The following enwmeration of instances
of dizease in which electricity has been success-
fully applied, is given by Mr. Singer as esta-
Mished on goed authority :—1. Contractions.
These only that depend on the affection of a
nerve; and in many of these it has been em-
ployed without effect, whilst in others of long du-
ration immedinte relief has been obtained. 2.
Rigidity. Very frequently relicved, but wsually
requiring some perseverance in the application,
to complete the cure. 3. Sprains, relaxation,
&e ]E.‘lcr{:triclly may be applied in all these
eases with good effeet, but its application should
e deferred until the inflammation Tras subsided,
4. Indolent tumors. Strong sparks, and slight
shocks, are often effectual. The most numerous
cases are those of scirthqus testicle; and there
are some instances of the suecessful dispersion
of seirrhous induration of the breast. 5. Mr.
Carpue states, that elextricity is a good preven-
tive against chilblains ; and mentions two in-
stances in which they were removed by the
action of electrical sparks. 6. Epilepsy. In
several instances of persevering application, not
one successful case ocenrred. 7. Deafness.
Sparks thrown on the mastoid process, and
rounid the meatus auditorius externus, and drawn
from the same parts on the opposite side, usual y
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afiord relief ; and about one in five are perma-
nently cured. 8. Opacity of the cornea.. This
is sometimes cured by the long continued action
of electricity thrown g}r ten minutes a day on the
eye by a wooden point. When caused hy the
small-pox, it is said to yield most readily. 9.
Gutta serena. - The method of electrifying for
opacity of the comnea has been successful in
some instances of gutta serena; but there are
numerous unsuccessful cases.  10. Amenorrhea.
Cases of suppressed menstruation are generally
relieved by sparks and slight shocks ; hut in re-
tention of the menses electricity has been tried
without success. 11. Kneecases. Ininstances
of pain and swelling of the knee, the applica-
tion of sparks has been effectual in ahout one
case in ten. 12. Chronic rheumatism. Very
numerois are the instanees of suceess; the
usual application is by sparks, for ten or fifteen
minutes every day. In recent cases, a few days
is sometimes sufficient; but in those of long
standing, very considerable perseverance is often
required. 13. Acute rheumatism, In one case
out of six a cure was effected in ahout a month
by the application of electricity. 14. Palsy.
Moderate glwks, with sparks, have been occa-
sionally successful in about one case of paralysis
in every fourteen that have heen tried. 15. St
Vitus's ' dance has been frequently relieved by
electricity. There are indeed scarcely but few
diseases in which some successful instances of
its application are not recorded ; but we are still
in want of a scientific examination of the state-
ments that have been made on this subject.

269. It appears that the nerves are most pow-
erfully affected by electricity, since the effect of
a discharge sent through the body is always
most conspicuous in their direction.  When thé
charge of a battery is sent through the head of a
hird, the optic nerve is generally found to be
injured, and often completely destroyed ; a like
discharge sent through a larger animal is fonnd
to produce a universal protraction of strength,
with trembling and depression.  Mr. Singer savs
he once accidentally received a considerable
charg'e from 2 hatle['}r, I.hmugh the ]lmd, which
?roduned the sensation of a violent but universal
low, followed hy a transient loss of memory
and indistinetness of vision, hut was unattended
by any Iim"'ﬂ"*r injur{.

270. Mr. Morgan, who paid considerable at-
tenition to medical electricity, has remarked, that
if the diaphragm be made to form part of the
cirenit of a coated surface equal to two feet,
fully charged, the lungs make a sudden effort,
which iz followed by a loud shout; hut that if
the charge be small, it never fails 1o produce a
violent fit of langhter; and that even those
whose calmness and solemmity are not easily
disturbed by Indicrous occurrences, are seldom
able to withstand the powers of electricity.
The first effect of a strong charge on the dia
phragm is frequently followed by involuntary
sighs and tears, and sometimes by a fainting fit.
If the charge be passed through the spine, it
produces a degree of weakness in the lower ex-
tremities ; so that if a person be standing at the
time, he sometimes drops on his knees, o1 falls
prosirate on the floor.
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271. Numerous cases of the suecessful ap-

lication of electricity as a medical agent have
{.ﬂ;‘ﬂ published by difierent anthors ; Mr. Cavallo
has related some of a very striking nature, as
have alsy Mr. Carpue, and Mr. Ferguson, whose
testimony stands high in consequence of the
candor and unaffected simplicity of their nar-
rations, To the above-mentioned names we
must add the name of Mr. La Beaume, who has
recently published an excellent little work on
the Application of Galvanic Electricity in the

weure of chronic diseases; to these works the rea-

der is referred for more ample information on
the subject than our limits: will allow us to
give.

PART IV.

ATMOSPHERICAL ELECTRICITY..

272. In the preceding parts of this article we
‘have had occasion to make several references to
the identity of lightning and the electricity ex-
cited by artificial means; we now proceed to
show, by a selection of strietly appropriate ex-
periments, that that agent which is ever active in
the atmosphere which surrounds our earth, and
is occasionally producing some of the most
astonishing, andp awfully grand phenomena of
mature, is nothing more than a vast explosion of
accumulated electricity.

274, The discovery of this im nt fact was
by no means an Instantaneous thing ; even some
modern wrilers on Philumph}r appear to have
formed opinions on the nature of llgatning £EZET=
tially incorrect ; and this is the more remarkable
when it is considercd that, so long ago as the
days of the abbé Nollet, such remarks as the
following should have been published, and read,
and venfied by actual experiment soon after.
“If) said the abbé, ¢ any should take upon him
to prove, from a well-connected comparison of
phenomena, that thunder is in the hands of na-
ture what electrieity is in ours ; that the wonders
we now exhibit at pleasure are little imitations
of those great effects which frighten us; and
that the whole depends on the same mechanism :
—if it could be smwn, that a clond prepared by
the action of the winds, by heat, by a mixture
of exhalations, &e. is, when opposite to a ter-
restrial object, that which an electrified body is,
when at a certain distance from one that is not
electrified ; 1 confess this idea, if it were well
supporied, would afford me much pleasure ; and
to support it, how many specious reasons pre-
sent themselves to a man well versed in elec-
tricity. The universality of the electric matter,
the rapidity of its action, its inflammability, and
13 activity in inflaming other bodies; its pro-
perty of striking bodies externally and internally,
even to their smallest parts, the remarkable ex-
ample we have of this effect in the Leyden ex-
periment, the idea we may legitimately form in
supposing a greater degree of electric T
&ec. All these points of analogy, which I have
for some time meditated, begin te make me be-
lieve that one might, by taking electricity for a
mufe&, form to nn-e's-a&t;,mitn re‘llalinri;}bltllm
and 11 ng, more an e i
than a;;]l:gmﬂm% have i:g‘.‘:: hitherto EE':m].’

o

274, This was certainly a bold nypothesis;
highly ereditable to the judgment of the author,
and affording no obscure mtimation that elec-
tricity was about to make some ‘-Iupmm‘:!lenmr]
degree of progress; but to Dr. Franklin un-
doubtedly belongs the honor of accomplishing,
by actual experiment, all that the abbé Nollet's
penetrating sagacity led him to speak of in the
wonds just quoted. Ina series of letlers to one
of the members of the Royal Society, the Dr.
first gave in detail an hypothesis to explain the

henomena of thunder and lightning by the

nown properties of electricity, which was soon
i‘::n!mwecrh;,r a demonstration of its truth in the
most remarkable experiment ever made.

275. The following are the leading points of
resemblance which . Franklin observed to ob-
tain between the eleciricity of the atmosphere
and that which is produced by artificial means.
(1.) The zig-zag appearance of the lightning is
exactly the =ame as that of a strong electric
spark when it passes through a considerable
interval of air. (2.) Lightning generally strikes
sueh bodies as are high and prominent, as the
summits of high hills, the tops of lofiy trees,
high towers, spires, masts of ships, points of
spears, &c., and the electric fluid always passes
through the most prominent parts, when striking
from one body to another. (3.) Lightning is ob-
served to strike most frequently into those sub-
stances that are good conductors of electricity,
such as metals, water, and moist substances;
and to avoid those that are non-conductors. (4.)
Lightning inflames combustible bodies. The
same is effected by electricity. (5.) Metals are
melted by a powerful charge of electricity. This
phenomenon is one of the most common effects
of a stroke of lightning. %ﬁ,} The same may be
observed of the fracture of brittle bodies, and of
other expansive efiects common to both causes,
(1.) L;igmniug has been known to strike people
blind. Dr. Franklin fiund, that the same effect
is produced on animals when they are subjected
to a strong eleetric charge. (8.) Lightning destroys
animal Dhfe. Dr. Franklin killed turkeys of
abont ten pounds weight, by a powerful electric
charge. (9.) The magnetic needle is affected
in the same manner by lightning and by elee”
tricity, and iron may be rendered magnetic by
both causes. The phenomena are, therefore,
strictly analogous, and differ only in degree;
and, if an electrified gun-barrel will give a spack,
and produce a loud report at two inches distance,
what effect may not be expected from perhaps
10,000 acres of [:Iccu'iﬁudlﬁuud? And is not
the different extent of these conductors, equal
to the different limit of their effects ?

276. Reasoning on these strong resemblances,
Franklin formed the design of erecting a condnet-
ing rod by which the lightning might be drawn
from the clouds, and thus afford an nppﬂﬂun!tf
of ascertaining its identity with the electric fluid.
“The eleetric fluid,” said he, “is attracted by

ints ; we do not know whether this property be
in lightning ; but since they agree in all the par-
ticulars in which we can already compare them,
it is not improbable that in this they likewise
agree. Let the experiment be made” And
doubtless he would himself have made it before
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any other person could have anticipated him in
it, but waiting for the erection of a spire in Phi-
ladelphia, and his opinions becoming known, he
was anticipated by the French philosophers
IYAlibard and De Loe, who erected a rod such
as Franklin had suggested, and suceeeded in the
experiment.  But the honor and merit of the
ilea were not to be thus rent from Franklin; for
in the mean time, and without any knowledge of
the attempts of the French electricians, it oc-
curred to him that, by sending up a kite, he
could obtain a readier access to the clouds than
by the longest rod which he could raise on the
highest spire.  He made the attempt, and, as we
have before shown, was snccessful ; and thus was
the identity of lightning with electricity satisfac-
torily established.

277. In treating of the electricity of the at-
mosphere it may be proper to begin with the
maore gentle and silent manifestations of it : thence
to proceed to the consideration of its accumulated
discharges in meteors and thunder-storms ; and
then make some remarks on its general influence
on the surface of our earth.

278. From long, correct, and patient investi-
gation, it has been proved that the various lumi-
nous phenomena that appear in our atmosphere,
are to be resolved into the agency of electricity,
although it must be allowed that, with all our
knowledge of those dfiects, they are stll sur-
ronnded with such difficulties, that seientific men
are not quite of one mind respecting them. Of
this description the anrora borealis, or northern
light, must be allowed to be an instance.

279. The aurora borealis, or, as the same
appearance is commonly termed, streamers, and
in the Shetland lsles, the merry dancers, can
seldom be seen in the southern parts of the
kingdom; and, even when scen there, the appear-
ance is far less brilliant than in northern lati-
tudes, where this wonderful phenomenon is the
canstant attendant of clear evenings, affording a
great relief to the inhabitants, amid the gloom
that would otherwise attend their dreary winter
nights.

280. Of this kind of meteor, the late Mr.
George Adams has given the following concise
acconnt in his valuable lectures :—The appear-
ances of the aurora come under four different
deseriptions.  (1.) A horizontal light, like the
morning aurora, or break of day. (2.) Fine,
slender, lnminons beams, well defined, and of
dense light. These often continue a quarter, a
half, or a whole minute, apparently at rest, but
oftener with a quick lateral 'motion, (3.)

Flashes pointing upward, or in the same direc-
- tion with the beams, which they always succeed.
These are only momentary, and have no lateral
motion; but they are generally repeated many
times in 2 minute, appear much broader,
more diffuse, and of a weaker light than the
beams: they grow gradvally fainter till they
disappear; and sometimes continue for hours,
flashing at intervals. (4.) Arches, nearly in
the form of a rainbow: these, when cnmp'l:etg_'
go quite across the heavens, from one point of
the horizon to the opposite point.

281. When an aurora happens, these appear-
ances seern 1o sneceed each other in the Igﬁnw-
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ing order :—(1.} The faint rainbow-like arches ;
(2.) The beams; and (3.) The flashes. As for the
northern horizontal light, it appears to consist of
an abundance of Hashes n}; beams, blended
together by the sitaation of the observer.

e beams of the aurora borealis appear at all
places to be arches of great circles of the re,
with the eye in the centre; and these arches, if
prolonged upwards, would all meet at one

int.

The rainbow-like arches all cross the magnetic
meridian at right angles. When two or more
appear at once they are concentric, and tend to

cast and west; also the broad arch of the ho-
rizontal light tends to the magnetic east and west,
and is bisected by the magnetic meridian 3 and
when the aurora extends over any part of the he-
misphere, whether great or small, the line sepa-
rating the illuminated of the hemisphere
from the clear part is half the circumference of
a preat circle crossing the magnetic meridian at
right angles, and terminating in the east and
west: moreover, the beams perpendicular to
‘t;}& horizon are only those on the magnetic meri-

ian.

That point in the heavens to which the beams
of the aurora appear to converge, at any place, is
the same as that to which the south pole of the
dipping-needie points at that place.

Pllhe beams appear to rise above each other
in succession ) so that, of any two beams, that
which has the higher hase has also the higher
summit.

Every beam appears broadest at or near the
base, and to grow narrower as it ascends 3 so that
the continuation of the bouading lines would
meet in the common centre to which the beam
tends,

281%. Now between these appearances and
those of electricity, under ceftain circumstances,
there are several points of close resemblance.
For it is found by a simple experiment that,
when the electrie fluid is made to pass through
rarefied air, it exhibits a diffused luminous
stream, which has all the characteristic appear-
ances of the northern lights. There are to be
seen the same varieties of color and intensity, the
same nndulating motion and oecasional corrusca-
tions ; the streams exhibit the same diversity of
character, at one moment minutely divided into
ramifications, and at another beaming forth in
one hody of light, or passing in well defined
flashes ; and, when the rarefaction is high, va-
rious parts of the stream assume that peculiar
glowing color which oceasionally appears, and
which, on the whole, leaves hut little room to
doubt that the phenomena are produced by the
passage of electricity through the upper regions
of the atmosphere, although at the same time it
ought to be mentioned that this opinion has been
doubted by some since the accomplishment of
the recent voyages of discovery to the polar re-

ons,
= 282. Tt has been stated above, that this most
beautiful phenomenon is seldom witnessed by
the inhabitants of the southern parts of the king-
dom : to them, therefore, at all events, a= well as
to those who have witnessed the aurora borealis
in a fainter degree, the following extract from
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Mr. Dalton's description of one which he wit-
nessed must be acceptable. It is taken from his
Meteorological Essays.

283. ¢ Attention,” says Mr. Dalton, ‘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.
Some remarkable appearance being expected, a
theodolite was placed to observe its altitude, bear-
ing, &,

“From half past nine to ten o'clock, I, M.,
there was a large, luminous, horizontal arch to the
southward, almost exactly like thuse which we
see in the north ; and there were some faint con-
centric arches northward. It was particularly
noticed that all the arches seemed exactly hisected
by the plane of the magnetic meridian. At half
past ten o'clock streamers a very low in
the south-east, running to and fro from west to
east; they increased in number, and began to ap-
proach the zenith apparently with an accelerated
velocity ; when all on 2 sudden the whole hemi-
sphere was covered with them, and exhibited
such an ap ce a8 su all descrip-
tiom. The intensity of the light, the prodigious
number and volatility of the beams, the grand
intermixture of all the prismatic colors in their
utmost splendor, variegating the glowing canopy
with the most luxuriant and enchanting seenery,
afforded an awful, but at the same time the most
pleasing and sublime spectacle. Every one
gazed with astomishment; but the wncommon
grandeur of the scene oply lasted about one
minute ; the variety of colors disappeared, amd
the beams lost their lateral motion, and were
converted into the usual flashing radiations ; but
even then it surpassed all other appearances of
the aurora, in that the whole hemisphere was co-
vered with it

2684, ¢ Notwithstanding the suddenness of the
effulgence at the breaking out of the aurora, there
was a remarkable regularity in the manner. Ap-
parently a ball of fire ran along from enst to west,
and the contrary, with a velocity so zreat as to be
barely distinguishable from one continued train,
which kindled up the several rows of heams one
after another: these rows were situated before
each other with the most exact order, so that the
bases of each row formed a circle crossing the
magnetic meridian at right angles; and the se-
veral circles rose one above another in such =ort,
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 either nearly or exactly the same.
And it was further observable that, during the
rapid lateral motion of the beams, their direction
in every two nearest rows was alternate ; so that
whilst the motion in one row was from east to
wesl, that in the next was from west to east.

285. “The point to which all the beams and
flashes of light uniformly tended was, in the
magnetic meridian, and, as near as could be de-
termined, between 15° and 207 south of the zenith.
The aurora continued, though diminishing in
splendor, for several hours. There were several
meteors seen at the same time; they appeared
below the aurora, and unconnected with it

o e L 4% &7

This brilliant display of the aursra borealis
Mr. Dalton witnessed on the 13th of October,
1702,

206. Similar appearances are often seen
towards the south pole, but they are said to be
unattended with the same variety of color; the
are called aurora australis. A very feeble, ﬂmugﬁ
certainly a pleasing imitatiou of this remarkable
phenomenon may be thus exhibited :—Take the
zlass vessel represented in fig. 9, resembling a

‘lorence flask, and fitted with a valve at top by
which it may be exhausted of its air: when ex-
hausted, and rubbed in the common manner used
to excite electrics, it will appear luminous within,
being full of a flashing light which plainly resem-
bles the aurora borealis, or northern light.  This
shial may also be made luminous, by holding it

y either end, and bringing the other end to the
prime conductor; in this case all the cavity
of the glass will instantly appear full of flashing
light, which remains in it for a considerable time
after it has been removed from the conductor:
instead of the glass phial a glass tube exhausted
of air and hermm'mahjr sealed may be used, and
perhaps with more advantage. The most remark-
able ewcumstance of this experiment is, that if the
phial or tube, after it has been removed from the
conductor (and even several hours after its flash-
ing light has ceased to appear), be grasped with
the hand, strong flashes of light will immediately
apgm: within the glass, which often reach from one
end to the other.

287. The next form of atmospherical elec-
tricity that claims dur attention is that which it
azzumes in those meteors, to which the vulgar
name of falling, or shooting stars, has been given.
The aurora borealis, we have said, is cansed
by streams of the electric fluid passing rapidly
through the higher regions of the air; anrd these
phenomena of which we are now speaking, are,
m all probability, portions of the same matter
moving through a more resisting medium, since
they are always observed to be in comparatively
small altitudes.

288. These meteors vary considerably in their
size and color, and also in the rapidity of their
motion; they move in various directions, but
chiefly incline towards the earth. They occur in
different states of the atmosphere, but prevail
most in clear frosty nights, and at other times
when the winds are easterly, and the sky clear;
in the intervals also of showery weather they are
frequent, and on summer evenings, when well
defined clouds are seen floating in a clear
atmosphere.

280, In favorable states of the atmosphere,
Mr. Singer remarks, these appearances are seen
to succeed each other so rapidly, that he has
often counted thirty of them in the space of an
hour, and, on some occasions, twice that num-
ber. The frequency of their ocearrence, he
thinks, indicates that they are produced by some
of the usual atmospherical changes, and that the
cirenmstanee of their explosion heing unattended
by the fall of stones, renders it almost certain
that their nature is essentially different from that
of the large meteors. !

200, The same gentleman offers the followimg
as arguments in favor of the electrical origin of
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these meteors :—(1.) The light of falling stars is
sumilar to the light of the electric spark. (2.)
They oceur as frequently and as irregularly as
other electrical changes in the atmosphere, (3.)
Their motion, like that of electricity, is exceed-
ingly rapid; and the longest interval through
which they strike, 1s traversed in an interval of
time toc minute to admit of measurement.  (4.)
They occur most frequently during, or near o
those changes of weather, that are known to
influence the electrical state of the atmosphere.
(5.) Their direction is never constant; they
oceur in every part of the atmosphere, and move
in almost every direction; such is also the case
with lightning. (6.) The appearance of falling
stars may be aceusately imitated by electricity ;
and the circumstances on which the success of
such experiments depend, are such as are likely
to oceur in the production of the natural phe-
NOMEna.

201. Hence if electricity be passed gradually
through an exhausted receiver, 1t assumes, as we
have already seen, the appearacce of the aurora
borealis; but if an acenmulation of it be sud-
denly transmitted, it will pass through the
receiver with the straightness and brilliance of a
shooting star. This appearance also oceurs most
readily when the receiver is but partially ex-
hausted. The imitation therefore of these two
phenomena seems cvidently to require the same
conditions for its production, as those which
obtain in nature; that is to say, the aurora
oceurs in those regions where the air is highly
rarefied ; and the most complete imitation of 1t
18 effiected in a thoroughly exhausted receiver;
falling stars take place where the air is much
more dense, and the imitation of them requires
a medinm which offers from its density con-
siderable resistance. y

202. Different writers on electricity have
proposed different methods of producing an
mitatiog of these meteors, but that of Mr. Singer
15 undoubtedly the most effectual as well as the
mnost elegant.  He used for this purpose a glass
tube, five feet in length, and about five-eighths
of an inch in diameter, mounted with a brass
cap at each end, and fitted at one extremity with
a valve to allow of its being exhausted. When
this tube was exhausted, no spark would pass
through it except in a very diffused state; but
when the charge of a very large jar was employed,
a brilliant spark was obtaimed through the whole
length of the tube, resembling in appearance a
sheoting star.

203. There are various other luminous ap-
pearances of the electricity of the atmosphere,

- which might with pmlprietjr be described’ here,
such as those frequently observed on the tops of
spires, and the masts of ships, and occasionally
on the points of spears, &e.; but we must not
enlarge, and shall only observe respecting them,
that they seem analogous to the light that is
abserved on the point of any slender and promi-
nent conductor, when placed within an electrical
atmnsphere, or brought near to an excited elec-
tric.  These, and similar phenomena observable
in the atmosphere, will be fully treated of in the
article MeTEgROLOGY.

204. But the most magnificent display of
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atmospnerica electricity is 1o be seen during a
thunder-storm, the particular phenomena of
which we must now proceed to notice. We
have already seen the most satisfactory ground
for the conclusion that lightning and electricity
are identical, and bave adverted to most of the
known means h:,l' which the latter are pmill.l.l:ui 2
and if the analogy be correct in the one case we
may conclude it to be so in the other, although
with some differences perhaps, which have
hitherto been, and which may for ever remain,
inaccessible to human observation, :

295, If then, it be asked, whence comes the
electricity of the atmosphere? it may in reply be
said, that from the sum of our knowledge res-
pecting meteorological phenomena, there appears
good reason to conclude that the causes which
produce artificial electricity, are all in full o
ration in the masses of vapor, among which
natural electricity appears active.

206. This opinion is maintained hy several
eminent practical electricians of the present day ;
it was warmly espoused by the late Mr. Singer,
who advanced in support of it the following

itions :—(1.) That the electrical phenomena
of the atmosphere take place, in all climates, to
the greatest extent, about the period of the
greatest degree of heat, when the rays of the sun
have cauzed a considerable accumulation of
vapor.. (2.) Where this cause operates to the
greatest extent, as, for instance, within the
tropics, natural electricity is produced on the
largest seale.  (3.) When the natural source of
evaporation is assisted by collateral causes, elec-
trical changes occur with astonishing activity, as
in the eruption of a voleano, or the heat im-
ted to the air in its passage over large extents
EiFhﬂt sands, as l]mgepnénl'a_leg:&im. {;gje By the
action of winds, eurrents of air of different tem-
eratures are often mixed,—so that such as have
en heated and charged with moisture, become
suddenly cooled, thus occasioning a precipitation
of water,and the occurrence of electrical changes.
This is often witnessed on the coast of Guinea
during the existence of the harmattan, (5.)
These electrical changes are every where most
frequent when the causes- of evaporation and
condensation suddenly succeed each other.

207. After advancing several cogent argu-
ments in favor of the above facts, and noticing
in a very candid manner some objections urged
against the theory they are intended to support,
Mr. Singer concludes with the following truly
alpp riate and judicious observations :—* Al-
tmurg: the immediate causes by which the
various phenomena of the atmosphere are pro-
dueed, be still far b?'-:md our comprehension ;
yet the connexion of their several effects is a
sufticient demonstration that they are not purely
mechanical, but subservient to the direction of
supreme power and intelligence. By this means
the most simple ement becomes the source
of sublime effects. The process of evaporation
which modifies the action of the sun’s rays, and
conveys to every part of the earth's surface a
source of fertility, does at the same time diver-
sify the appearance of the atmosphere by an
endless variety of imagery, enlivening the hori-
zon with the most brilliant and glowing tints
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and in all probability effectipg those electrical
changes, which are the precursors of the most
magnificent phenomena in nature.”

208. The phenomencn of the thunder-storm
itsclf is always one of intense interest to the
electrician, Some writers on the subject, of
electricity have furnished us with very beautiful
descriptions of a thunder-storm, but of all these
we feel disposed to give the preference to that
of Sig. Beccaria, as containing a neat and un-
varuished statement of f:u:l_ﬁ', mnstead of hﬂillg
decorated with the effusions of a poetical imagi-
mation.

200, ¢ Thunder-storms,” says Deccaria, ¢ ge-
mera'll.:l,- happen when there is little or no wind ;
and their first appearance is marked 'lgstune
dense cloud, or more, increasing very in
size, and rising into the higher regions of the
air; the lower surface black, and nearly level,
but the upper ficely arched, and well defined.
Mary of these clouds seem frequently piled
one upon another, all arched in the same man-
ner ; but they keep continually uniting, swell-
ing, and extending their arches.

300, ¢ At the time of the rising of this cloud,
the atmosphere is generally full of a great num-
ber of se clouds, motiouless, and of odd
and whimsical ﬁll?-{;es. All these, upon the ap-
pearance of the thunder-clond, begin to move
towards it, and become more uniform in their
shapes as they approach, till, coming very near
the thunder cloud, they mutually streteh towards
one another, immediately coalesce, and together
make one uniform mass. But sometimes the
thunder-cloud will swell, and increase very fast,
" without the conjunction of these adseititions
<clouds, the vapors of the atmosphere forming
themselves into clouds wherever it passes. Some
- of the adscititions clouds appear like white
fringes at the skirts of the thunder-cloud, but
these are continually growing darker and darker
as they approach or unite with it

301. © When the thunder-cloud is grown to a
great size, its lower surface is often ragged, par-
ticular parts being detached towards the earth,
hut still connected with the rest. Sometimes
the lower surface swells inte various large pro-
tuberances, bending uniformly towards the earth.
When the eye is under the thunder-cloud, after
it is grown larger, and well formed, it is seen
to sink lower, and to darker prodigiously; at
the same time that a number of adscititions
clcuds (the origin of which can never be per-
ceived) are seen in a rapid motion, driving aliut
in every direction under it. While these clouds
are agitated with the most rapid motions, the
rain generally falls in the greatest plenty; and,
:‘f t.llw agitation is exceedingly great, it commonly

ails.

302. * While the thunder-cloud is swelling, and
extending its branches over a large tract of coun-
try, the lightning is seen to dart from one part
of it to another, and often to lluminate itz whale
mass. When the cloud has acquired a suificient
extent, the lightning strikes, between the cloud
and the earth, in two opposite places, the path
of the lightning lying through ‘the whole body of
the cloud and its branches. The longer this
Lightning continues the rarer the clond grows,
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ard the less dark is its appearance, till at length
it breaks in different places, and displays a clear
shy.’

303. From the circumstance of almost con-
stant injury attending thunder-storms it is im-
possible to witness one without some feelings of

rsonal danger; in this case attention to the
}Elnwing observations may often be of service
in relieving the mind from unnecessary fear,
or in suggesting the necessary steps to be taken
for the prevention of aceident.

304. The Place of the Explosion.—The elec-

“trical explosion generally takes place in the air,

and at a considerable height; but in many in-
stances it happens between the clouds and the
earth. In most instances, perhaps, the lightning
deseends from the clouds o the earth, and the
explosion is then called the descending stroke :
but in some cases it is known to from the
garth to the clouds, and is then termed the as-
cending stroke : of the latter kind ap to
have been the explosion which took place on the
Malvern hills, in the summer of 1826, and which
was attended with such melancholy consequences.
A very curious instance of the ascending stroke
is related by G. F. Richter, in his work on
thunder. He informs us that in the cellar be-
longing to the Benedictine monks of Fontigno,
while the servants were empiﬂyeﬂ in pouring
inio a cask some wine which had been just
boiled : a fine light flame appeared round the
funnel, and they had scarcely finished their ope-
ration when a noise like thunder was heard ; the
cellar was instantly filled with fire; the eask
was burst open, although hooped with iron, the

staves were thrown with prodigions violence

against the wall ; and, on examination, a hole of
three inches diameter was found in the bottom
of the cask.

305. The Distance of the Thunder Cloud —This
is a point of some importance to be determined ;
and the interval between the flash and the com-
mencement of the report furnishes the data neces-
sary for the calculation. Sound travels at the
rate of 1142 feet ina second : conseqguently, by a
watch which beats and points the secomls, the
distance of the cloud is casily ascertained, for the
flash and the sound are really contemporinecus ;
and the former requires hardly any perceptible
lapse of time to travel through any ordinary dis-
tance. Thus, for example, suppose the flash to
occur five seconds before the sound is heard, then
1142 x 5§ = 5710 =1 mile 43¢ feet, the dis-
tance of the explosion from the place of the ob-
server.  So far this calealation is very gratifying,
but it is no criterion of safety, for it only indi-
cates the distance of a discharge that has taken

lace : the next may render the observer incapa-
le of observation.

306. Tndications of real danger.—During a
thunder-storm there are certain circumstances
which afford strong indivations of actual danger.
Such, for instance, are a rapid approach of the
charged cloud, and the almost perpendicular di-
rection of the lightning, When the cloud seems
i0 be veriical as soon as it is formed, we are ex-
posed to its utmost fury; and, when it increases
.n darkiess as it approaches, it also indicates
great danger.  When the flashes strike perpen-
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dicularly, it is a certan indication that the clouds
are at that height from which they may readily
strike into the ground. It is also supposed that
the appearance of two flashes at once ndicates
danger; but this is uncertain, as it may arise
from an optical illusion, or the interposition of a
cloud.

307. The precautions generally offered by
writers on electricity, as necessary for the safety
of those who are exposed to the action of a
thunder-storm, may be thus enumerated. Shel-
ter should not be taken under trees, hedges, &c. ;
for, should they be struck, such situations are
particularly dangerous ; at the same time a per-
son is much safer at about thirty or forty feet
from such objects than at a greater distance, as
they are likely to operate as conductors, Large
portions of water also ought to be carefully
avoided if possible, and even streamlets that
may have resulted from recent rain ; these are
good conduetors, and the height of 2 human being
connected with them, may sometimes determine
the course of the lightning. In a house the safest
situation iz considered to be the middle of the
room ; and this situation may be rendered still more
secure bystanding on a glass-legged stool: but, as
suclran article is not in the ssion of man
people, a bair mattress, or a thick woollen hearth
rug makes a very good substitute. It is very in-
judicious to take refuge, as some persons do, in
the cellar during a thunder storm, since the dis-
charge is often found to be from the earth to the
clouds, and many instances are recorded of
buildings that were struck having sustained the
greatest injury about the basement story. But,
whatever situation is chosen, the greatest care
should be taken to avoid going near the fire-place,
since the chimneys are most likely to attract the
fluid, and even if there be no fire in the grate, at
the time, it should be remembered that sootis a
powerful conductor. The same cantion is neces-
sary with respect to all large metallic surfaces ;
gilt furniture, bell wires, &e.

308, But the most imll;mmpt and useful appli-
cation that has ever yet been made of the disco-
veries of the electrician is in the method of se-
curing buildings, ships, &e., from the effects of
lightning. To the ingenuity of I)r. Franklin the
world is indebted for this invention, as well as
for his discovery of the identity of lightning and
common electricity. Fle first proposed to erecta
‘gerfectlg,r continuous metallic rod by the side of any

uilding intended to be secured from injury by
lightning : this rod was to be pointed at each ex-
tremity ; to rise some feet above the highest part of
the building, and to extend some feet below the
foundation, in moist ground, or water if practica-
ble. By such a precaution, he conceived that
the house could never receive any damage; for,
whenever the lizghtning should {a pen to fall
upon it, it is evident that the conductor, being
metal, and higher than any part of the build-
ing, would naturally attract it, and, by conduct-
ing it to the g‘mnnd{pmrent that building from
receiving any damage ; it being well known that
electricity always strikes the mearest and best
conductors.

309. As this subject is of the utmost import-

ance, we shall here quote the very coneise and
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judicious observations of Mr. Cava o respecting
it. Speaking of the proposal of Dr. Franklin,
which we have just noticed, he proceeds to re-
mark, that the reasonableness and truth of such
an assertion has been confirmed by numberless
facts, and the practice of raising such conductors
has been found exceedingly useful, particularly
in hot climates, where thunder storms are very
frequent, and the damage occasioned by the same
too ofien experienced, o

310, In regard to the construction of such
conductors, there have been some controversies
among electricians ; and the most advantageous
manner of using them has not, without a m
many experiments, and but very lately,
aseertained. Some philosophers have asserted,
that such conductors should terminate n an
ohtuse end, that they might tne less invite the
lightning from the clouds ; for such an end will
not aftract electricity from so great a distance
as a sharp point. But other philosophers have
thought a pointed termination to be much pre-
ferable to an obtuse one; and their assertion
seems, on the following accounts, to be better
founded.

311. ¢ A sharp-pointed conductor, it is true,
will aitract electricity from a greater distance
than one with an obtuse point, but at the same
time will attract and conduct it very gradually,
or rather by a continued stream, in which man-
ner a remarkably small conductor is capable of
conducting a very great quantity of electricity ;
whereas an obtusely terminated conductor at-
tracts the electricity in a full raté body, or
explosion, by which it is often made red-hot,
melted, and even exploded in smoke, and b
such a quantity of electricity as perhaps woul
not have at all affected it, if it been sharply
pointed.

312, * A sharp-pointed conductor certainly
invites the matter of lightming easier than an
obtuge one; but to infite, receive, and conduct it
in small quantities, never endangers the con-
ductor ; and the object of fixing a conductor to a
house, is to protect the house from the effects of,
and not the conductor from transmitting the
lightming.

3. ¢ It is an observation much in favor of
sharp-pointed conductors, that such steeples of
churches, and edifices in general, as are termi-
nated by pointed metallic ornaments, have very
seldom been known to be struck by lightning;
whereas others that have flat terminations and
have a great quantity of metal in a manner insu-
lated on the tops, are often strock ; and it is but
seldom that they escape without great damage.

314. ¢ Besides these considerations a sharp-
pointed conductor, by the same property of at-
tracting electricity more readily than an obtusely
terminated one, may prevent a stroke of lightning,
which the latter is incapable of doing.

315. ¢ A conductor, therefore, to guard a
building, as it 1= now commonly used, should,
from several comsiderations and” experiments,
consist of one iron rod about three quarters of an
inch thick, fastened to the wall of the building,
not by iron cramps, but by pieces of wood. 1F
this conductor were quite detached from the
building, and supported by wonden posts at
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she distance of one or 1wo feet from the wall, it

would be much better for common edifices, but

it is more particularly advisable for powder-

magazines, powder-mills, and all such buildings

- as contain combustibles ready to take fire.  The
upper end of the conductor should be terminated
in a pyramidal form, with the edges, as well as
the point, very sharp : and if the conductor be of
iron, 1t should be gilt, or painted, for two or
three feet.  This sharp end should be elevated
above the highest part of the building (as above
a stack of chimneys, to which it may be fastened)
at least five or six feet.  The lower end should
go five or six feet into the ground, and in a direc-
tion leadmg from the foundation; or it would
be better to connect it with the nearest piece of
water, if any be at hand. If this conductor, on
account of the difficulty of adapting it to the
form of the building, cannot conveniently be
made of one rod, then care should be taken, that
where the pieces meet, they be made to come in
as perfecia contact with one another as possible ;
for, as we ohserved before, electricity finds con-
siderable obstruction where the conductor is
interrupted.

316. ¢ For an edifice of a moderate size, one
conductor of the kind already deseribed, is per-
haps sufficient; but, in order to secure a large

- building from suslainingla.uy damage by lightning,
there should be two, three, or more conductors,
i proportion to the zxtent of the building.

317. ¢ In ships a chain has often been used
for this purpose, which, on account of its pliable-
ness, has been found very convenient, and easy
to be managed among the rigging of the vessel ;
but, as the electricity finds a great obstraction
in going through the several links, so that ehains

ve been actually broken by the hightning, their
use is now almost entirely laid aside ; and, in
their stead, copper wires a little thicker than a
goose-quill have been substituted, and found to
answer extremely well. One of these wires
should be elevated two or three feet above the
highest mast in the vessel; this should be con-
tinued down the mast, as far as the deck, where,
by bending, it should be adapted to the surface

such parts, over which it may most conve-
niently be placed, and by continuing it down the
side of the vessel, it should be always made to

communicate with the water.”
318, M. Cavallo gives, with cordial approba-
tion, the following extract from the earl.of Stan-
 hope’s learned work on electricity :—As requi-
sites for the proper construction of conducting
rods for the preservation of byildings from the
effects of lightming he directs, (1.) ¢ That the rods
be made of such substances as are the best con-
ductors of electricity. (2.) That the rods be un-
interrupted and perfectly continuous.  (3.) That
they be of a sufficient thickness. (4.) That they
be perfectly connected with the common stock.
(5.) That the upper extremity of the rods be as
acutely pointed as possible. (6.) That it be very
finely tapered. (7.) That it be prominent. (8.)
That each rod be carried in the thortest conve-
nient direction, from the point at its upper emd
to the common stock. (9.) That there be neither
nor prominent bodies of metal upon the

large
top of the building proposed to be secured, but,

Gl

such as are connected with the conductor by
some proper metallic communication.  (10.)
That there be a sufficient number of high and
inted rods: and, (11.) That every part of the
uilding be very substantially erected.

319, For the purpose of illustrating the prin-
ciple on which the thunder-rod acts, there are
some very satisfactory experiments generally
employed by lecturers on electncity, which it
may be proper here to explain, and before doing
which we would just observe, that the charge
used on these occasions should be moderate,
having found from experience that, in that part
of the experiments which is intended to show the
effect of interruptions in the conductor, a strong
charge has injured the apparatus.

320. The simplest form in which these expe-
riments are made is that known by the name of
the thunder-house. This is represented by fig
10, where A is a board about three-quarters of
an inch thick, and shaped like the gable end of a
house. It is fixed perpendicularly upon the
bottom board B, upon which the perpendicular
glass pillar C D is also fixed, in a hole about eight
inches distant from the base of the board A, A
square hole, I L M K, about a quarter of an inch
deep, and nearly one inch wide, is made in the
board A, and is filled with a square piece of
wood, nearly of the same dimensions. This
board must fit in rather easily, so that the slightest
shaking may throw it out. A wire, L K, is fast-
ened diagonally to this square piece of wood.
Another wire, 1 11, of the same thickness, having
a brass ball, H, serewed on its pointed extremity,
15 fastemed upon the board A; so also is the
wire M N, which iz formed into a hook at (),
From the upper extremity of the glass pillar,
C D, a crooked wire proceeds, having a spring
socket F, through which a double-knobbed wire
slides perpendicularly, the lower knob G of
which falls just above the knob H. The glass

illar D) C must not be fixed very tightly into the
ttom board ; but it must be fixed so as (o be
pretty easily moved round its own axis, by which
means the brass ball G may be brought nearer
or farther from the ball H, without touching the
art of EF G. When the square piece of wood

MIK, s fixed into the hole 2o that the wire
LK stands in the dotted represemtation IDM,
then the metallic communication from H to O
is continuouns, and the instrument represents a
house furnished with a proper metallic con-

ductor ; but if the square piece of wood LM I K

is fixed so that the wire L K stands in the di-
rection L. K, as represented in the figure, then the
metallic conductor H O, from the top of the
house to its bottom, is interrupted at 1M, in
which case the house is not properly secured.
320.* Fix the piece of wood, L. M L K, so that
its wire may be as represented in the figure, in
which case the metallic conductor H O is dis-
continued. Let the ball G be fixed at about
half an inch perpendicular distanee from the ball
H, then, by turping the glass pillar D C, remove
the former ball from the latter; by means of
a chain connect the wire E T with the wire @ of
the jar P, and let another chain, fastened to the
hook O, touch the outside coating of the jar.
Connect the wire Q with the prime conductor,
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and clarge the jar; then, by turning the glass
pillar DC, let the ball G come gradually near
the ball H, and when they are arrived sutficiently
near one another, the f'{a.r will explode, and the
piece of wood, LM LK, will be driven out-of
the hole to a considerable distance from the
thunder-house. In this experiment the ball G
represents an electrified cloud ; which, when it
is arrived sufficiently near the top of the house
A, the electricity stnkes it ; and, as this house is
not secured with a proper conductor, the explo-
sion breaks part of it, as is seén by the violent
removal of the piece of wood 1 M.

321. Repeat the experiment with only this
variation, viz. that the piece of wood I M is si-
tuated so that the wire L K may stand in the
direction I M, in which case the conductor H O
is not discontinued ; and then the explosion will
have no effect upon the piece of wood L M, this
remaining in the hole unmoved ; which shows
the usefulness of the metallic conductor.

322. Again, unscrew the brass ball H from the
wire H I, so that this may remain pointed. With
this difference only in the apparatus, repeat both
the above experiments, and it will be found that
the piece of wood 1M is in neither case moved
from its place, nor will any expivsion be heard ;
which not only demonstrates the preference of
the conductors with pointed terminations to those
with obtuse ends: but alzo shows that & house
furnished with sharp terminations, elthough
not furnished with a regular conductor, is al-
most sufficiently guarded against the effects of
lightnin&;

323. Thisapparatus is sometimes made in the
shape of a house, as represented by fig. 11; for
the sake of distinetness, the side and part of the

ble end A C represents that of the thunder-
woise, and may be uzed in the same manner with
that above described, or more readily by the fol-
lowing method ;— Let one ball of the discharging
rod touch the ball of the charged jar, and the
other knob A of the conductor A C of the thun-
der-house ; the jar will then explode, and the
charge will act upon the conductor just men-
tioned, The conducting wire at the windows
A, b, must be placed in a line. The sides and ga-
ble, A C, of the honse, are conneeted with the
lower part of the house by hinges, and the build-
ing is kept together by a ridge on the roof.

324. To use this model, Al the small tube o
with gunpowder, and ram the wire ¢ a little way
into the tube; then connect the tube e with a
large jar or battery. When the jer is charged,
form o communication from the hook at C, on
the outside, to the top of the jar, by the discharg-
~ ing rod; the discharge will fire the powder, and
the explozion will throw off the roof, with the
sides, back, and frout, so that they will all fall
down together. Fig. 12 represents a small ram-
rod for the tube a, ~nd fig. 13 a pricker for the
touch-hole at C.  Philosophical and mahemati-
cal instrument makers now eonstruct the front
of the common thunder-honses as well as the
powder-houses above described, with two pieces
of wood or windows, which, by being placed in
proper situations, the one to conduct and the
other to resist the fluid, will illustrate by one dis-
charge the usefulness of good conductors for
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securing buildings or magazines from the explo-
sion of thunder, as well as the danger of using
unperfect ones.

325. The most elegant method of performing
this experiment, however, is represented in fig.
14, which exhibits a hollow pyrmnid of wouod,
composed of several pieces, having a wire
through each, so that their ends may come in
contact with each other, as seen at s, 5, 5. One
corner of the pyramid must be made loose as
shown at d, having the conducting wire passing
nearly through it, but not quite so. The wire,
passing through the rest of the pyramid, must
Join (by a chain) the outside coating of a Ley-
den jar. If the cloud r be supported by a wire
from the prime conductor, and hang half an
inch from the knoh g of the pyramid ; when the
Jar is charged, a flash will take place between
and g ; the fluid will pass aleng the wiress, s, 5,
till it comes to the break at J; there an explo-
sion will take place, that will force out the corner
piece d, und throw down the fabric in separate
pieces.

_326. The preceding experiments sufficientl
tlustrate the use of conductors raised on build-
ings that are much exposed to the effects of
thunder-storms ; but, that we may not omit any
information on the subject that may be deemed
useful, we shall just aE]Id Ar. Morgan's method
of preventing all possible danger in these cases.
The plan which Mr. Morgan proposes is that,
whilst a house is being built, the foundation of
each partition wall should ke laid on a strip of
lead, or that the strip be fastened to the sides of
these partition walls. The strips should be two
inches wide, and at least a quarter of an inch
thick, and closely connected with each other.
A perpendicular strip, on each side of the house,
should rise from the conductors to the surface of
the ground ; whence a strip should be continued
ronnd the house, and carefully connected with
water-pipes, &e.  The strips on the sides of the
house should then be comtinued to the roof,
which ought to be guarded in the same manner
as the foundation. The top should be surrounded
by a strip, which should be connected with
every edge and prominence, and be continued
to the summit of each separate chimney. It is
particularly necessary to guard the chimneys;
for Mr. Morgan mentions a case, in which a
house that had been guarded in most respecis,
aceording 1o the preceding directions, except
that the chimneys were unprotected, was struck
with lightning, which entered by ene of the
chimneys : here itspent its fury ; but the chim-
ney falling on the roof, did considerable damage.
The principal objection to this method is the
expensze attending it ; but this may be in-a great
measure avoided, by making proper use of the
leaden pipes, gutters, and copings, which be-
long to most houses. y

327. Before leaving the subject of conducting
rods, we think it due to the ingenious professor
Leslie of the University of Edinburgh, to notice
an article on electrical theories, pubtished by him
in the Edinburgh Phil ical Journal for July,
1824. In this paper Mr. Leslie endeavours to
show that thunder-rods are of no use whatever in
the way of protecting buildings agamst the
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effects of lightning. But lest we should in any
degree misrepresent the professor's sentiments,
by giving ‘an abridged statement of them, we
shall ¢uote his own words :— |

328. ¢ But, whatever ulations we may
form in to elentrixzrﬁghl, and the mode
in which the point and the knob produce their
different effects, we must admit that the electri-
city is never communicated, in any perceptible
degree, 10 a remote and unconnected body, but
by means of acurrent of air ; and this established

inciple will enable us to estimate the real ef-

ts of conductors or thunder-rods.

320. ¢ When two portions of air, near the
point of saturation, and of different tempera-
tures, are mixed, a quantity of the dissolved
vapor is precipitated, and resumes its aqueous
state. By this conversion the mass acquires elee-
tricity ; and the consequent repulsion exerted,
tends to disperse the minute globules of water,
which will float in the atmosphere, or rather, will
descend with that slow motion which is sufficient
to occasion a resistance on their large surface
equal to their gravitation. If the cloud thus
generated reach the ground, it will soon com-
municate its electricity.  If it he suspended at
some height, the electrified air will stream from
it in all directions; and if its formation be gra-
dual, this discharge may suffice to waste its force.
But when a vast cloud is suddenly formed, the
aérial emission hardly impairs its electricity ;
and, as it is carried along, it continually ap-
proaches, by its attraction, to the surface, which
assumes an opposite electricity ; the air now
rushes with violence, and the cloud bends faster
downwards, till at last its lowest verge reaches
the ground, and a total discharge is made. The
magnitude of the stroke will evidently depend
on the extent of the aqueous mass, the sudden-
ness of its precipitation, and the rapidity of its
descent.

330. “"The air, which streams in all directions
from the cloud, is dissipated ameng the more re-
mote portions, and thus gradually communicates
its electricity. Hence, from the wide dispersion,
owing to the distance, the electricity of the air at
the surface of the earth must be weak; and,
even in the midst of the storm, the electrometer
is less affected than if placed only a yard be-
hind the prime conductor.  Yet the action of the
thunder-rod is confined entirely to the air which
immediately surrounds it, and the quantity of
airial current which it can produce, must evi-
dently he inferior to what is directed to the
point, when held several feet from the conductor
of an electrical machine. But, to avert the stroke,
it would be necessary that the whole air between
the surface and the cloud should be brought sue-
cessively. in contact with the top of the rod. Nor
is this all ; for the air will be constantly replaced
I:?' other electrified portions emitted from the
cloud. The effect of the thunder-rod is there-
fore, comparatively, but a drop in the ocean.
It may be easily shown that, however pointed and
tapered, it would require 1000 years to guard at
the distance of 100 yards ; if terminated with a
knob, it may take 10,000 years. Such are the
vaunted performances of thunder-rods, and such
the advantages of their different forms! Nor
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can we appeal to experience ; it never cin be
roved that thunder-rods have produced bene-
einl effects, Lnt several instances may be cited
where they have afforded no sort of protection.
Nay, we shall be convinced, that fully an equal
proportion of the buildings armed with such
supposed safeguards have been struck with light-
ning. But if thunder-rods are useless, they are
alzo innocent ; and, that they provoke the shaft
of heaven, is the suggestion of superstition rather:
than of science, The cloud exerts an attraction,
indeed, upon the surface of the ground, but te
force depends solely on the distance, and 1s net,
in the least degree, affected by the shape or qua-
lity of the substances below. It rolis towards
the nearest and most elevated objects, and strikes
indiscriminately a rock, a tree, or a spire.

331, *If a thunder-rod be then a harmless,
though idle, appendage to a house, why awaken
uneasy apprehensions ! It might at least insﬁin
confidence in the moment of danger; and i
happiness consists merely in idea, why not in-
dulge delicious error 7—Yet, though the inewvit-
able stroke cannot be torned aside, its destrue-
tive effects may be lessensd ; and an investiga-
tion of the real action of thunder will conduct us
to the proper principles.'— Ed. Phil. Jour. No.
XXL pp. 25.28.

332. The above theory is certainly ingenious
and worthy of attention, but it wants confirma-
tion in another way than that attempted by its
author. We would, with all deference o Mr.
Leslie"s well-known abilities, ask if he would ad-
vise | fires to be kept up round powder mag-
azines for the purpose of preventing them from
being struck by hghtning? We do not know,
either, why he advises tlml.'tl:leiy] should have eop-
per conductors raisedrnear them? nor why, 1o
save ships, ribands of copper shonld be ex-
tended from the masts to the keel, since he affirms
that the idea of diverting or dissipating the storm
is wholly chimerical.

Sroxtanpous ELeeTrRIciTy oF THE AT-
MOSPHERE.

333. Very numerous are the observations which
have at different times been made by able ob-
servers on this branch of atmospherical electri-
city. We cannot here enter minutely into these,
and shall therefore only offer an outhine of their
general results.

.334. The tarliest observations of this nature
appear to have been those of Monnier; his ex-
periments were made with an apparatus, which
consisted of a pole thirty-two feet in height, in--
sulated in a piece of turf, having at its top a
strong glass tube, to which a tube of tinned iron
was attached, and which terminated in a point.
About the middle of this tube there was fastened
a fine iron wire about fifty lines long, which,
without touching any other body, was connected
with a silk cord stretched horizontally. Ie
found although the atmosphere was constantly
electrified more or less, yet that in dry weather
the electricity increased from sun-rise, when it
was weakest, till about four o'eleck in the after-
noon, at which time it was strongest, gradually
diminishinz from that time till the dew began to
fall, after which it diminished till midnight. The
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same results were afterwards obtained by Saus-
sure and Beccaria.

335. The abbé Mazeas made several observa-
tions with an atmospherical apparatus, consisting
of an iron wire 370 feet long, raised about ninety
feet from the grounc, and properly insulated.
“The results of his experiments with this instru-
ment were the following :—In very dry weather
the wire readily atiracted light bodies, if brought
within three or four lines of it ; and, if the weather
was not stormy, the electriciy of the air was
about half as great as that of a stick of sealing-
wax two inches long. When he prasped the
wire in his hand, the signs of electricity disap-

x entirely, and did not return till afier an
interval of three or four minutes.  He also found
that the electricity of the atmosphere was not
increased with storms and hurricanes unattended
with rain ; for during a violent storm of wind,
which continued uminterraptedly for three days,
in the month of July, he found it necessary to
place the dust within four or five lines of the
conductor, before it exhibited a sensible attrac-
tion. No change was produced by the different
directions of the winds. In the driest nights of
summer he never could ohserve any electricity
in the air, but it began to zppear in the morning
at sunrise, and vanished in the evening at about
half an hour after sun-set, In the month of
July, in a very dry day, when the sky was se-
rene, and the heat intense, he found the electr-
city stronger than he had ever observed it. The
dust was then attracted at the distance of ten or
twelve lines from the conductor,

336. Mr. Kinnersley made several observa-
tions on the electricity of the atmosphere in its
ordinary state, and informs us that when the air
was very dry, he found it always contaired some
electricity, and that he rendered this electricity
visible by electrifying himself negatively, and
holding in his hand a long sharp needle, which,
in the dark, appeared luminous at the point.

337. Beccaria, who was particularly attentive
to this subject, and made numerous experiments
both with rods and kites, found that, during the
three following states of the atmosphere, it afforded
no sensible indications of electricity. (1.) When
the weather was elear, but at the same time windy.
{2.) When the sky was covered with well defined
black clouds, moving sfowly. (3.) During moist
weather, when not actally raining.  The electri-
city was always perceptible when the sky was
clear and the weather calm; in rainy weather,
and when it did not lighten, the electricity ap-
peared always a little before the rain fell, con-
tinued during the falling of the rain, and dis-
appeared shortly after the rain ceased. The
higher he raised his rods, the stronger he found
these electrical signs.

338. M. de Saussure, however, has furnished
us with the most extensive course of experiments
on atmospherical electricity.  He informs us that
it is constantly varying, according to situation.
itis generally strongest in elevated and insulated
situations, not to be observed under trees, in
streets, in houses, or any enclosed places, though
A is sometimes to be found pretty strong on
?un_ﬁ and bridges. It is also not so much af-
ected by the El:mlute height of the places as
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their situation; thus a projecting angle of a Ligh
hill will often exhibit a stronger eleetricity than
the plain at the top of the hill, as there are fewer
points than in the former to deprive the air of its
electricity.  This variation in the intensity of
the electricity of the atmosphere, seems influenced
by numerous circumstances, some of which it is
difficult satisfactorily to account for.

339. When the weather is not serene, it is
impossible to assign any rule for their variation,
s no correspondence can then be per-
ceived with the different hours of the day, nor
with the various modifications of the air. The
reason is evident; when contrary and variahle
winds reign at different heights, when clouds are
rolling over clouds, these winds and clouds, which
we cannot perceive by any exterior sign, do,
nevertheless, influence the sirata of air in which
we make our experiments, and produce these
changes of which we only see the result, without
being able to assign either the cause or its rela-
tion. Thus, in stormy weather, we find the
electricity strong, then completely gone, and in 2
moment  after rise to its former force; one
instant positive, the next negative, without being
able to assign any reason for these changes.

340. M. Saussure says, thal he had known
these changes sueceed with such rapidity, that
he had not time to note them down, When rain
falls without a storm these changes are not so
sudden ; they are, however, very irregular, parti-
cularly with respect to intensity of force; the
quality of them, oo, i more constant.  Hain or
suow almost uniformly gives positive electricity.
In cloudy weather, without rain or storms, the
electricity follows generally the same laws as in
serene weather. Strong winds generally diminish
its intensity ; they seem to mingle together the
different strata of the atmosphere, and make them

ass successively towards the ground, and thus

istribute the &i{;ﬂricit ¢ uniformly between the
earth and the air, M. Savssure has observed a
strong electricity with a strong north wind. The
state of the air in which the electricity is strongest
is fogey weather ; this is also accompanied with
electricity, except when the fog is going to resolve
into rain.

341. The most interesting observations, and
those which throw the greatest light upon the
various medifications of electricity in our atmo-
sphere, are those made in serene weather, In
winter, and in serene weather, the electricity is
gererally weakest in the evening, when the dew
has fallen, until sun-rising; its intensity after-
wards augments by dezrees, sometimes sooner
and sometimes later; but generally before noon,
it allaing o certain maximum, whence it in
declines, till the fall of the dew, when it will be
sometimes stronger than it had been during
the whole day; after which, it will again gra-
dually diminish during the whole night; but,
it is never quite destroyed, if the weather is per-
fectly serene. Atmospherical clectricity seems,
therefore, like the sea, to be subject to a flux and
reflux, which causes it to increase and diminish
twice in twenty-four hours. The times of its
greatest force are some hours after the rising and
setting of the sun : those when it is weakest pre-
cede periods,
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342. M. Sauszsure has given an instance of this
periodic flux in electricity.  On the 22nd of Feb.
1785, one of the coldest days ever remembered
at Geneva, the hygrometer and thermometer
were suspended in the open air on a terrace ex-

o the south-wesi; the electrometer, from
1ts situation, indicated an electricity equal to what
it would have shown if it had been placed on an
open plain. The height of the barometer was
reduced to what it would have heen if the mer-
cury had been constantly at the temperature of
10° of Reawmur’s thermometer. The place of
observation was elevated sixty feet above the
level of the lake. The observations of the day
preceding and following this great cold were re-
gistered by him. There was a weak south-west
wind during the whole three days; and it is
rather remarkable, that most of the great colds,
which have been observed at Geneva, were pre-
ceded by, or at least accompanied with, a hitle
south-west breeze. From the first eighteen ab-
servations made during these three days, when
the sky was quite serene, we learn that the elec-
tricity was pretty strong at nirefo’clock A. M. ;
that from thence it ually dminished till 1o-
wards six o'clock P. M., which was its first mini-
mum ; after which it increased till eight o'clock,
its second maximum ; from whence it gradually
declined till six the next morning, which was the
time of its second minimum; after which, it
again inercased till ten in the morning, which
was the first maximum of the following day;
as this was cloudy, the periods were not so re-
gular.

343. As we have hitherto but slightly noticed
the method of exploring the atmosphere by the
electrical kite, we shall here introduce an ac-
count of an experiment of this kind made by Mr.
Cavallo, which i3, in every respect, most gratify-
ing and satisfactory ; at least, it will be viewed
in this light by every real lover of the science of
clectricity ; and will,at the same time, read him a
most nseful lesson en the caution to be observed
inmaking thisholdest ofall electrical experiments.
It must he observed, that this experiment was made
when there was no thunder: and that there had
been none for three days before, nor did there
happen to be any for three days after at the place
where the scene occurred.

344, ©After, says Mr. Cavallo, ¢ having rained
a great deal in the morning and night before,
IEE W;aatxr became a little cle;.r in II:_:IE afternoon,
the elouds appearing separated, and pretty well
defined. Tﬁfwind “':Lfawest, and r.ltEer sfmng,
and the atmosphere in a temperate depree of
heat. In these circumstances, at 3 P. M., I
raised my electrical kite with 360 feet of string.
After that the end of the string had been insu-
lated, and a leather ball, covered with tin-foil,
had heen hung to it, I tried the power and qua-
lity of the electricity, which appeared to be posi-
tive and pretty strong.

345. ¢ In a short time, a small cloud ing
over, the electricity increased a little; but the
cloud being gone, 1t decreazed again to its for-
mer d . The string of the kite was now
fastened by the silk lace to a post in the yard of
the house in which T lived, which was sitnated
near Islington, and | was repeatedly charging
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two -coated phials, and giving shocks with them,
While [ was so doing, the electrieity, which was
still positive, began to decrease, and in two or
three minutes’ time it became so weak, that it
could be hardly perceived with a very sensible
cork-ball electrometer. Ubserving at the same
time that a large and black cloud was approach-
ing the zenith (which, no doubt, caused the de-
crease of the electricity), indicating imminent
rain, [ introduced the end of the string through
a window, in a first-floor room, in which 1 fas-
tened it by the silk lace to an old chair. The
quadrant electrometer was set upon the same
window, and was, by means of a wire, connected
with the string of the kite.

346. ¢ It being now three-quarters of an hour
after threée o'clock, the electricity was abso-
luteiy unperceivable; however, in about three
minutes time, it became again perceivable, but
now upon trial was found to be negative; it is
therefore plain, that its stopping was nothing
more than a change from positive to negative,
which was evidently oecasioned by the approach
of the clond, part of which by this time had
reached the zemth of the kite, and the rain also
had begun to fall in large drops. The eloud
came farther on, the rain increased, and, the
electricity keeping pace with it, the electrometer
scon arrived to 15%  Seeing now that the elec-
tricity was preity strong, I began again to charge
the two coated phials, and to give shocks with
them; but the phials had not been charged
above three or four times, before I perceived
that the index of the electrometer was arrived at
35% and was keeping still increasing. The
shocks now being very smart, I desisted from
charging the phials any longer; and, consider-
ing the rapid advance of the electricity, thought
to take off the insulation of the string, in case
that if it should inerease farther it might be si-
lently condueted to the earth, without cansing
any accident, by being aceumulated in the insu-
lated string.

347. To effect this, as I had wo proper appa-
ratus near me, | thought to remove the silk Tace,
and fasten the string itself to the chair; accord-
ingly I disengaged the wire that connected the
electrometer with the string, laid hold of the
string, untied it from the silk lace, and fastened
it to the chair; but while I effected this, which
took up lezz than half a minute of time, I re-
ceived about a dozen .or fifteen very strong
shocks, which I felt all along my arms, in my
breast and legs, shaking me in such a manner,
that I had hardly power enough to effect my
Eurpnse, and to warn the people in the room to

eep their distance. As soon as | took my hands
off the string, the electricity (in consequence of
the chair being a bad conductor) began to snap
between the string and the shutter of the win-
dow, which was the nearest body to it. The
snappings, which were audible at a good dis-
tance out of the room, seemed first isochronous
with the shocks which T had reeeived, but im
ahout a minute’s time oftener ; so that the people
of the house compared their sound to the ratthing
noise of a jack going when the fly isoff.

348. The cloud now was just over the kite;
it was black, and well defined, of almost a cir-
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cular form, its diameter apln:nring to be about
407 ; the rain was copious, but not remarkably
heavy. As the cloud was going off, the electrical
sunapping began to weaken, and in a short time
became maudible. 1 went then near the string,
and finding the electricity weak, but still nega-
tive, I insulated it again, thinking to keep the
kite up some time longer; but observing that
another larger and denser clond was approach-
ing apace towards the zenith, as I had then no
proper u}:‘{mm’tus at hand, to prevent every pos-
sible accident, I resolved to pull the kite in ; ac-
cordingly a gentleman who was by me began

ulling it in, while I was winding up the string.

‘he cloud was now very nearly over the Kite,
and the gentleman, who was pulling in the string,
told me that he had received one or two slight
shocks in his arms, and that if he were to feel
one more, he would certainly let the string go;
upon which I laid hold of the string, and pulled
the kite in as fast as I could, without any farther
observation, being then ten minutes after four
o'clock.”

349. Mr. Cavallo, from the numerous experi-
ments which he made with electrical kites, lays
down the following results, which will be found
correct in the generality of cases.  (1.)  The air
appears to be electrified at all vimes ; its electri-
city is constantly positive, and much stronger in
frosty than in warm weather; but it is by no
means less in the night than in the day-time.
(2.} The presence of the clouds generally lessens
the elasticity of the kite; sometimes it has no
effect upon it; and it is very zeldom that it in-
crenses it a little.  To this the above-mentioned
instance is a most remarkable exeception. (3.)
When it rains, the electricity of the kite is ge-
nerally negative, and very seldom positive.  (4.)
The aurora borealis seems not to affect the elee-
tricity of the kite.  (5.) The electric spark taken
from the string of the kite, or from any insulated
ennductor eonnected with it, especially when it
does not rain, is very seldom longer than a
quarter of an inch; but it is exceedingly pun-
gent. When the index of the clectrometer is
not higher than 20° the person who takes the
spark will feel the effect of it in his legs; it ap-
pearing more like the discharge of an electrie
Jar, than the spark taken from the prime con-
duetor of an electrical machine. (6.) The elec-
tricity of the kite is generally stronger or weaker,
according as the string is longer or shorter; hut
it does not keep any exact proportion to it. The
electricity, for instance, hrought down by a string
of 100 yards, may raise the index of the electro-
meter to twenty, when, with double that length
of string, the index of the electrometer will not
go higher than twenty-five. (7.) When the
weather is damp, and the electricity is pretty
strong, the index of the electrometer, after taking
a spark fiom the string, or presenting the knob
of a coated phial to it, rises surprisingly quick
to its usual place ; but in dry anEpwarm weather
it rises very slowly. (8.) The principal use of
the electrical kite is to show the electricity of the
atmosphere ; and it is perhaps the only instru-
ment that will do this at all times with certainty,
though several others have been invented for
that purpose.  But another use to which electri-
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cal kites have been applied, is to bring down
quantities of the electric fluid from the upper
regions of the atmosphere, for the purpose of
supplying that deficiency of electricity, which 1s
supposed to be hurtful to vegetation.

350. From numerous experiments on the spon-
taneous electricity of the atmosphere made by
Mr. Head, he has drawn the following conclu-
sions :—(1.) *That in moderate weather it is
uniformly positive, and experiences an increase
and a decrease in the degree of its intensity
twice in twenty-four hours.  (2.) That the elec-
Iricilér is strongest about two or three hours after
sun-rise, and some time both before and after
sun-set; and is in general in the weakest state
between noon and four o'clock. (3.) And that
this periodical electricity is ebviously influenced
by heat and cold.’

351. The latest experiments that have been
made on this subject, on a large scale, are those
by Andrew Crosse, Esq. of Broomfield, near
Tauntom. They were made by means of an ap-
paratus the most extensive ever constructed. It
consisted of a copper wire, one-sixteenth of an
inch in thickness, stretched and insulated be-
tween two strong upright poles measuring from
100 to 110 feet in height.

352. No pains was spared to render this npﬁcn.-
ratus the most extensive and perfect that has
been constructed. The insulated wire was one
mile and a quarter in length, but having been
exposed to various depredations, and liable to
injury from other causes, it was shortened tc
1800 feet. Every contrivance was tried to insu-
late this wire, but Mr. Crosse could not succeed
in preserving the insulation during a dense fog,
or a driving suow. A contrivance was adopted
to lower the insulators, for the purpose of freeing
them from spiders’ webs; and it was necessary
to fix the wire very securely, in order that it
might be able to resist the weight of the great
numbers of swallows that often perched upon it,
and of wood-pigeons and owls that flew against
it with considerable force. This apparatus has
been in use for some years, and has enabled Mr.
Crosse to draw the following conclusions, which
confirm the observations of preceding anthors.

353. (1.) ¢ The electricity 1s invariably positive
during the usual state of the atmosphere, and
subject to a regular increase and decrease, as
stated in some of the preceding observations,

354. (2.) ¢ Fogs, rain, snow, hail, and sleet,
produce changes in the electrical state of the
wire. The electricity is negative when they first
appear. It frequently changes to positive, in-
creasing gradually in strength; and then de-
creasing in a similar manner, and changing from

ositive to negative every three or four minutes.
ose phenomena have been so constantly ob-
served, that, whenever the wire appears nega-
tively electrified, it is considered as a certain
indieation, that either rain, snow, hail, mist, or a
thunder-cloud, is approaching.

355. (3.) “The approach of a charged cloud at
first is sometimes found to produce positive, and
sometimes negativeselectricity ; but, whatever be
the kind of the electricity which first appears,
its intensity increages to a certain degree, then
dimimishes, and finally disappears, and is sue-
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ceeded by the opposite electricity; which in-
creases to a higher degree than the first had
done; it then diminishes, and vanishes, and is
again succeeded by the electricity which first
appeared. These alternations of positive and
negative electricity are often exceedingly nume-
rous, and on different occasions succeed one
another with different degrees of rapidity. The
electricity, in general, becomes more intense at
every repetition, till a copious and dense stream
of sparks issues from the atmospherical conduc-
tor to the receiving-ball, stufgmg at imtervals,
and returning with redoubled force.

356. (4.) *Inthis state of things, a strong cur-
rent of air flows from the wire, and the appa-
ritns with which it is connected. At every flash
of lightning an explosive stream, attended by a
vi?' eculiar noise, ses between the balls
and the nﬁgamlus, and brilliantly illuminates
the surrounding objects, while the effects on the
spectator are heightened by the successive peals
of thunder, and the consciousness of being so
near their cause.

357. *When the electricity becomes too pow-
erful to allow the observer to operate in safety,
he connects the insulating wire with the grnunc{;
along this the whole passes off silently and harm-
lessly to the ground.

358. (5.) ¢ During a driving fog, or a smart
rain, the wire is electrified almost as powerfully
as during a thunder-storm, and the electricity
exhibits similar changes.

359. (6.) ¢ A weak positive electricity generally
prevails in clondy weather. It often changes to
negative when rain falls; but the positive elec-
tricity re-appears when the rain has ceased to fall.

360. (7.) *The electricity is always stronger in
Elﬂ.l; frosty weather than during a fine summer's

ar ¥

]Er-ﬁl. The following table, drawn up by Mr.
Crosse, exhibits the intensity of the electrical
appearances of the atmosphere in different states,
mmm&n_lcing with those in which it is most

U} f=—

(1.) Dwring the oceurrence of lar thun-
der -:Pnuds. i i

{*1.% A driving fog, accompanied by small rain.

FL A fall of snow, or a brisk hail-storm.

4.) A smart shower, especially in a hot day.

(5.) Hot weather succeeding a series of wet
days.

(6.) Wetweather following a series of dry days.

EI’.} Clear frosty weather, either in- the night
or dity.

B,'T}r Clear warm summer weather.

E‘.’L] A sky obscured by clouds,

(10.) A mackerel back, or mottled sky,

(11.) Sultry weather, the sky covered with
light hazy clouds.

(12.) A cold damp night.

362, For common purposes, and occasional
observations, Mr. Singer says, very simple con-
trivances ma{ be employed. A common jointed
fishing-rod, having a glass stick covered with
sealing-wax substituted for the smallest joiny,
may be occasionally projected from the upper
window of a house. A pair of pith-balls must
be attached to a cork, in which the end of the
glass stick is thrust; and this part of the appa-
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ratus is to he occasionally uninsulated, by
placing & pin in the cork, connected with a thin
wire held i the hand. In this uninsulated state,
the fishing-rod and its attached eleetrometer are
to be held for a few seconds projecting from the
window, and, whilst in this position, the pinis to
be withdrawn by pulling the thin wire; this
insulates the electrometer, which may be then
drawn in and examined, Its electricity will be
found to be contrary to that of the atmosphere.

363, The last circumstance which we shall
notice respecting the electricity of the atmos-
shere, is its effects on the vegetable kingdom.

Iuch has been said relative to the merits of the
question, whether the electricity of the atmos-
phere has or has not an influence on the process
of vegetation. It is remarkable that this should
ever for one moment have been matter of doubt
with any one, since it is well known that light
and leat, and, in one word, the free access of
the air of our atmosphere, are all essential to the
general process of vepetation. Where difficul-
ties have occurred in the course of expériment
on the subject, we are firmly persuaded that they
relate entirely to the management of the appa-
ratus employed; we can readily manage the
regulations of warming, watering, and airing 2
small house, in which we wizh to aceelerate the
growth of vegetable substances; but when we
attempt to take, as it were, the management of
the atmosphere in our own hands, and to regu-
late the general process of wvegetation in our
fields or gardens, we must expect to meet that
disappointment which is ever attendant on quit-
ting the sphere of action allotted to mortals.” No
serics of experiments, how nicely soever con-
dm}tl_ﬂ:ll ecan ever be [*rpm:le:l to {equ‘.‘ql the ailﬂm,
the invisible, but unerring operations of nature.

364. The first electrician who seems to have
attended to this subject was Mr. Maimbray of
Edinburgh, who, in the year 1746, electrified
two myrtles, during the whole month of October,
for some hours every day. The consequence
was, that, in the following summer, these elec-
trified myrtles put forth buds and blossoms
sooner than those which had been left to nature,

365. Mr. Maimbray was followed by the abbe
Nollet, who made some comparative experiments
on the germination of seeds under similar cir-
cumstances, except that one plot was electrified
three or four hours every day during the space
of fifteen days. Iis experiments were attended
with results similar to those obtained by Mer.
Maimbray.

366, Experiments of a similar nature were re-
peated by others, and, as was to be expected,
were in general followed by the like results.
Hence the effect of electricity in promoting ve-
getation became universally acknowledged, till a
series of well-conducted experiments, made by
Dr. Ingenhous:r,, 5tag|;;ered the faith of pllilﬁm]—
phers in general on the subject

367. Several electricians, however, labored
hard to support the credit of the abbé Nollet's
system, although but with little success. Among
these, the chief was the abbé Bertholon, who
wrote a work which was entirely confined to the
subject. The reasoning of this author, however
incorrect it may appear to many, h:‘l;hir -:;,rlaml:,
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the recommendation of ingenuity ; and, although
he carried his notions relative to the effects of
electrical influence much farther than most are
desirous of domg, we cannot perceive why these
cirenmstances should be considered, as they have
bien by some, a5 the ground of ridicule.

368. But that our readers may form their own
judgment on this subject, we shall here introduce
the abbé’s own account of the instrument with
which his experiments were chiefly made, and of
his method of procedure.

360, M. Bertholon commences his account by
ohserving that there is continually and univer-
sally diffused in the atmosphere, and particularly
n t{na higher regions, a considerable quantity of

the electric fluid, <“This principle,” says he,
‘being granted ; in order to remedy the defi-
ciency of electrie fluid, which is supposed hurt-
ful to vegetation, we must erect on the spot
which we want to fecundate the following new
apparatus, which has had all possible success,
and which I shall call by the name of the elee-
tro-vegetometer. This machine is as simple in
its construction 45 efficacious in its manner of
acting ; and I doubt not but it will be adopted
by all those who are sufficiently insl.rucl.eg in
the great principles of nature.’

370. The apparatus which the abbé here de-

_nominates his electro-vegetometer, consists of a
mast or long pole firmly fixed into the ground to
be able to resist the force of the wind; at the
upper extremity of this pole is fixed a wire which
terminates in one or more points, for the purpose
of collecting the electricity of the air, and with
which is connected a long insulated conductor,
terminating in five or six points directed to the
erround.

371. After having deseribed at great length
the construction of this apparatus, he proceeds
to observe.—* The construction of this electro-
vegetometer once well understood, it will be easy
for us to conceive it effects. The electricity
which prevails in the aérial regions will soon be
drawn down by the elevated points of the upper
extremity. This effect of the points is proved
by the most decisive experiments, and is called
by philosophers the power of the points.

472, By means of the electro-vegetometer
Just now deseribed, one may be able to acenmu-
late at pleasure this wonderful fluid, however dif-
fused in the regions above, and conduct it to the
surface of the earth, in those seasons when it is
either scantily supplied, or its quantity is insuf-
ficient for vegetation, or, although it may be in
some degree sufficient, yet it can never prudu-ce
the effects of a multiplied and highly increased
vegetation. So that by these means we shall have
an excellent vegetable manure or nourishment,
brought down as it were, from heaven, and that,
too,at an easy expense ; for, after the construetion
of this instrument, it will cost nothing to maintain
it: it will be, moreover, the most efficacious you
can employ ; no other substance being so active,
penetrating, or conducive to the germination,
growth, multiplication, or reproduction, of ve-

getables.  This heavenly manure is that which,

nature employ: over the whole habitable earth,
not exeepting @/en those regions which are es-
teemed barren, but which, however, are often
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fecundated by those agents which nature knows,
so well to employ to the most useful purposes.
[“urha'm there was 1|u~th:ing wanllllg' im hring ioa
completion the useful discoveries that have been
made in electricity, but to show this so advan-
tageous an art of employing electricity as a
MADNTE.

373. ¢ Consequently, that all the effects which
we have already mentioned depend upon electri-
city alone ; and, lastly, that all these effects, viz.
acceleration in the germination, the growth, and
production of leaves, flowers, fruit, and their
multiplication, $%c., will be produced even at a
time when secondary causes are against it ; and
all this is brought about by the electric fluid,
which we have the art of accumulating over cer-
tain portions of the earth, where we want to
raise those plants that are most calculated for
our use.

374. ¢ By multiplying these instraments, which
are provided at little expense (since iron rods,
of the thickness of one's finger, and even less, are
sufficient for the purpose), we multiply their
beneficial effects, and extend their use ad infi-
nitum.

375. ¢ This apparatus having been raised with
care in the midst of a garden, the happiest effects
were perceived, viz. different plants, herbs, and
fruits, in greater forwardness than wsual, more
multiplied, and of better quality. These facts
are analogous to an observation which 1 have
often made, viz. that plants grow fast, and are
most vigorous, near thunder-rods, where their
situation favors their development. They like-
wige serve to explain why vegetation is so vigor-
ous in lofty forests, and where the trees raise
their heads far from the surface of the earth, so
that they seek, as it were, the eleetric fluid at a
far greater height than plants less elevated ; while
the sharp extremities of their leaves, boughs,
and branches, serve as so many points granted
them by the munificent hand of nature, to dravw
down from the atmosphere that electric fluid-
which is so powerful an agent in forwarding
vegetation, and in promoting the different func-
tions of plants.’

376, 1t may be proper here to add, that others
who succeeded Bertholon in his experiments,
and with all his experience at their service, do
not seem to have thrown any light on the sub-
jeet. DL Achard, of Berlin, tried the effects of .
electricity on a small quantity of fermented rye,
which was intended for distillation. He elec-
trified one-half of it; and after five hours the
vinous fermentation had ceased in the electrificd
portion, while in that which was not so treated
it did not cease tiil afier the lapse of eight hours.
He then tried the effect of strong sparks upon a
quantity of rye; which, excepting in one case,
which he notices, he found to accelerate the pro-
cess of fermentation.

Miscrriaseors Expenimexts, &c.

377. Hlluminated phosphorus, or the Bologmar
stone. Among the numerous methods devised
for exhibiting the effects of electrical light, per-
haps the most curious is that made with the
real, or more easily with the artificial Bolognian
stone, or Canton's phosphorus.  This phosphorus
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is a calcareous substance, generally used in the
form of a powder, which has the property of
absorbing light when exposed to it, and after-
wards appearing lucid when brought into the
dark. Take some of this powder, and, by means
of spirits of wine or ether, stick it all over the
inside of a clear glass phial, and stop it with a
glass stopper, or a cork and sealing-wax. If kept
i a room perfectly darkened, it will give no
light ; but let two or three sparks be drawn from
the prime conduetor, when the phial is kept at
about two inches from the sparks, so that it may
be exposed to that light, and this phial will re-
ceive that light, and afterwards will appear illu-
minated for a considerable time. The powder
may be stuck upon a board by the white of an
ege, 50 as to represent figures of planets, letters,
or any thing else; and these may be illuminated
in the dark, in the same manner as the phial.
A beautiful method to express geometrical
figures with the above phosphorus, is to bend
small glass tubes of about the tenth part of an
inch diameter, in the shape and figure desired,
and then fill them with the phosphoric powder.
These may be illuminated in the manner de-
seribed, and they are not so subject to be spoiled
as the figures represented upon the board fre-

uently are. ‘The best method of illuminating
this phosphorus, and which Mr. W. Canton ge-
nerally used, is to discharge a small electric jar
near it.

378. The towrmalin.—The tourmalin, or the
lapis electricus of Linnwus, is a hard semi-pel-
lucid fossil, and was first observed to exhibit
electrical phenomena, on being heated and
cooled. This stone is found in abundance in
the Fast Indies, and is named the electrical stone
from its possessing many singular electrical pro-
Eertie& The properties of this stone seem to

ave been known to the ancients : Theophrastus
mentions a stone which he terms the fyncnrinm,
and describes it as being very hard ; susceptible
of a high polish, very useful for making seals,
&ec.; and possessing the property of attracting
light substances. Hence there can be litile
doubt as to its being the tourmalin of the mo-
derns. The Duteh seem to have discovered the
properties "of the tourmalin by observing that
when placed in the fire it attracted the ashes;
hence they gave it the name of aschen-trikker.

379. But by increasing its heat it becomes
electncal, and still more so by diminishing it.
Iis electricity appears, not over its whole surface,
but only on two opposite sides, which have been
styled its poles, as they are in a line with its
centre, and in the same direction with its strata;
in which direction it is opaque, though semi-
transparent in the other.

380. During the process of heating, the tour-
malin has one of its sides electrified positively,
and the other negatively; but, while cooling, the
former becomes negative and the latter positive,
If heated and allowed to cool without either side
being touched, the former will be positive and
the latter negative, all the time it is heating or
cooling. [f excited by rubbing, each of its sides,
or both at once may be rendered positive. 1
heated or cooled upon an insulated substance
that substance will become possessed of the elec-

69

tricity contrary to that of the side of the wour-
malin, which was laid on it. The electricity of
both sides, or of either, may be reversed by heat-
ing or cooling the stone, in contact with other
bodies.

361. If a tourmalin be cut in pieces, each
piece will have its positive and negative poles,
as well as the whole stone.  All the above pro-
perties are observable in vacuo. IF this stone be
covered over with wax, oil, or any similar elec-
tric, it will exhibit the same electric signs as
without the covering.

362. In making experiments with the tour-
malin, Mr. Canton observed a vivid light upon
it, while heating in the dark, by which he could
determine which end of the tourmalin was posi-
tive or negative. When excited, it emits very
strong flashes in the dark, from the positive to
the negative end. Mr. Canton has also observed
the Brasilian emerald emit light while heating in
the dark. Mr. Cavallo “imagines that every
other precious stone will show it if its electrie
power be sufficiently strong: since the light is
a consequence of the passage of a sufficient quan-
tity of electricity through the air, or other partly
resisting medium.

383. The electrical power of the tourmalin is
sometimes improved, sometimes injured, some-
tmes not in IZEI!‘ least affected by a strong fire.
Most of the above properties, which were sup-
posed to be peculiar to the tourmalin, are pos-
sessed by several hard precious stones, which
are capable of becoming electrical by heating
and ¢ooling, and have their positive and negative
sides lying in the direction of their strata, &e.

384. Fvaporation produces electricily.—This
appears Lo have been a discovery of Signor Volta,
who observed that the evaporation of water and
some other fluids, as well as certain efferves-
cences, generated electricity. His experiments
seem o prove that Awids, or other bodies,
reduced to vapor, become electrified positively,
and leave the bodies from which they evaporated,
electrified negatively; and that on the other
hand, when the vapors are condensed into a
fluid, they become electrified negatively, and
leave the bodies with which they were last in
contaet electrified positively.

385. The common method of illustrating this
12 the following :—Place on the eap of a gold-
leaf electrometer a metallie dish containing a few
lighted coals, and projeet on them a few drops
of water, whilst an insulated funnel is held about
a foot or eighteen inches above. Under these
circumstances the electrometer is found to be
negatively electrified, and the insulated funnel
positively.  On this experiment Mr. Walker
ohserves, that the vapor carries off the latent
electricity from the electrometer; the leaves
diverge, and fly to the slips of tin-foil to supply
their loss. He adds, perhaps the vapor derives
its volatility from its union with electricity, for
it is observable, that if insulated pith-balls be
suspended in a fog or mist, they separate spon-
taneously with positive cleetricity.

586. To electrify the air of a room.—This is
an experiment which may be easily performed
with a powerful machine. The room ought to
be very clean, and as free as possible from
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pointed metallic substances. These things being
ohserved, place a few pointed wires in the prime
conductor of the machine; put the machine in
action, and after the lapse of a few minutes the
air of the room will become so imE:egnuIed with
electricity as to be very perceptible to the sense
of smelling, and will readily affect a delicate
electrometer, particularly if brought into the
vicinity of the machine, The odor perceived on
this occasion very much resembles that of oxygen
gas, or of the atmospheric air in a very clear and
frosty might. e

387, The charge of a jar is retained in the
electric.—This is proved in a very s.ntisfaeturﬁ
manner ky the following experiments, whic
show that the coating of the Leyden jar has not
quite so wuch to do with the charge as is gene-
rally supposed. The first is given by Mr.
Walker in his System of Familiar Philosophy,
ard is in substance as follows :—Lay a plate of
un or brass on your hand, and on it a plate of
glass (rather larger than the metallic plate); on
the glass lay another metallic plate, and let this
cimmunicate with the priml_: conduetor : thus
the glass may be charged. By the edge of the
glass disengage it from the two plates, and place
two other plates in the same situation, upon and
under the glass. If now one knob of the dis-
charging-rod be made to touch the under plate,
and the other knob the upper plate, a discharge
will ensue the same as if the first plates had
remained in their place.

385. The same principle is tnus illustrated by
the Leyden jar; we give the process as directed
by Mr. Singer :—Procure a jar with a double set
of moveable tin-coatings, either of which may be
adapted to it at pleasure ; the outer coating being
a tin can large enough to admit the jar casily
within it; and the inner coating a similar can
sufficiently small to pass readily in the inside of
the jar. ‘The charging wire of the inner coating
should be surrounded by a glass tube covered
with sealing-wax, to serve as an insulating han-
dle, by which the inner coating may be lifted
from the jar when that is charged, without com-
municating a shock to the operator.  Arrange
the jar with its coatings, and charge it; it will
act n every respect as an Grdillar_f coated j:u'.
Charge the jar, and, without discharging it,
remove the inner coating by its insulating handle ;
if this coating, when removed, be examined, it
will be found not at all, or but slightly eleetri-
fied : Jift the jar carefully from within its outer
coating, and examine that; it will evince no
signs of electricity.

380, Let the jar be now fitted up with the
other pair of moveable coatings ; ::Eply the dis-
charger, and an explosion and spark will follow,
which clearly proves that the accumulation is
retainied by the attractive power of the glass, and
that the coatings are only useful as conductors
to the charge.

300, Velocity of the electric fluid—Although
wi have a'lmml} made some passing remarks on
this subject, the following detail will, we doubt
not, be found interesting to the admirers of the
electrical seience. Several electricians of dis-
tinguishied merit have made experiments on the
veloeity of the eleetric fluid ; those to which we
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here particularly refer were made under the
direcion and superintendence of Mr. Watson,
who, 45 an eye-witness of them, drew up the
account to lay before the Koyal Society.

301, The first attempt of these electricians
was to convey electric shocks across the river
Thames, availing themselves of the water of the
river as one part of the circuit through which the
charge was to pass. This they accomplished on
the 14th and 18th of July, 1747, by fastening a
wire all along Westminster-bridge, at.a consider-
able height above the water. Une end of this
wire communicated with the coating of a ¢
phial, the other being held by an nieewm- w
in his other hand, held an iron rod, which he
dipped into the river. On the opposite side of
the river stood a gentleman, who likewise dip
an iron rod in the river with one hand ; and in
the other held a wire, the extremity of which
might be brought into contact with the wire of
the phial.

392. When the discharge was made, the shock
was distinetly felt by the observers on both sides
of the river, but more sensibly by those who
were stationed on the same side with the ma-
chine ; part of the electric fire having gone from
the wire down the moist stones of the bridge,
thereby making several shorter circuits to the
phial, but still all passing through the gentlemen
who were stationed on the same side with the
machine. This was, in a manner, demonsirated
by Sﬂme(}mmw feeling a sensible shock in their
arms and feet, who only happened to touch the
wire at the time of one of the discharges, when
they were standing upon the wet steps which led
to the river. In one of the discharges made
upon this oceasion, spirits were kindled by the
fire which had gone through the niver. The
gentlemen made use of wires in preference to
chains, as communicating a stronger degree of
electricity.

393. '].zheir next attempt was to cause the elee-
;:Iiml }I;uid to :%s.ke nﬁin:uift of tw%}rlnilﬁé;t the

ew River at Stoke Newington. This r-
formed on the 24th of Ju]}'r:.glt?'at?, at two pln];:i!;
at one of which the distance by land was 806
feet, and by water 2000: in the other, the dis-
tance by land was 2800 feet, and by water 8000.
The disposition of the apparatus was similar to
what they had before used at Westminster-
biridge, and the effect answered their uimost
expectations.  But as, in both cases, the ohserv-
ers at both extremities of the chain, which ter-
minated in the water, felt the shock as well
when they stood with their rods fixed into the
earth twenty feet from the water, as when 1
were put into the river ; it occasioned a doubt,
whether the electric circuit was formed through
the windings of the river, or a much shorter way,
by the ground of the meadow ; for the experi-
ment plainly showed that the meadow-ground,
with the grass on it, conducted the electricity
very well.

394, From subsequent experiments they were
fully convinced that the electricity had not in
this case heen conveyed by the water of the
river, which was two miles in length, but by lard,
where the distance was only one mile; in which
space, however, the electric matter must neces-
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sarily have passed over the New River twice,
and have gone through several gravel-pits, and a
large stubble-field.

305. On the 28th of July, they repeated the
experiment at the same place, with the following
variation of circumstances :—The iron wire was,
in its whole length, supported by dry sticks, and
the observers stood upon eriginal electrics ; the
effect was, that they ftelt the shock much more
sensibly than when the conducting-wire had lain
upon the ground, and when the observers had
likewise stood upon the ground, as in the former
experiment. terwards, every thing else re-
maining as before, the observers were directed,
instead of dipping their rods into the water, to
put them into the ground, each 150 feet from
the water. They were both smartly struck,
though they were distant from each other above
500 feet.

306. Their next object was to determine whe-
ther the electric virtue could be conveyed through
dry ground ; and, at the same time, to carry it
through water to a greater distance than they had
done before. For this purpose they pitched u];nn
Highbury Bamn, beyond Islington, where they
carried it into execution on the Sth of August,
1747. They chose a station for their machine
almost equally distant from two other stations,
for observers upon the New River, which were
somewhat more than a mile asunder by land,
and two miles by water.

397. They had found the streets of London,
when dry, to conduct very strongly for about
forty yards; and the dry road at Newington
about the same distance. The event of this trial
answered their expectations. The electric fire
made the ecireuit of the water, when both the
wires and the ohservers were supported upon
original electrics, and the rods dipped into the
river. They also both felt the shock, when one
of the ohservers was placed in a dry gravelly pit,
ahout 300 yards nearer the machine than the for-
mer station, and 100 yards distant from the river:
from which the gentlemen were satisfied, that
the dry gravelly ground had conducted the elec-
tricity as strongly as water.

398, From the shocks which the observers re-
ceived, when the electrie power was conducted
upon dry sticks, they were of opinion, that, from
the difierence of distance simply considered, the
force of the shock, as far as they had yet expe-
rienced, was very little if atall impaired.  When
they stood upon electrics, and touched the water
on the nd with the iron rods, the shock was
always felt in their arms or wrists; when they
stood upon the ground, with their iron rods, they
felt the shock in their elbows, wrists, and ankles;
and, when they stood upon the ground without
rods, the shock was always felt in the elbow and
wrist of that hand which held the conducting
wire, and in both ankles.

399. The last investigation which these gen-
tlemen made on this subject, and which required
all their sagacity and address in the conduct of
it, was to try whether the electric shock was per-
ceptible at twice the distance to which they
hefore earried ity in ground perfeetly dry, and
where no water was near ; and also to distin-
guish, if possible, the respective velocity of elec-
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tricity and sound. For d!.i:mimr se they fixed
upon Shooter's Hill, and made their first expe-
riments on the 14th of Aogust, 1747; a tige
when, as it happened, but one shower of rain
had fallen during five ?rmnding weeks, The
wire communicating with the iron rod which
made the discharge, was 6732 feet in length, and
was supported all the way upon baked sticks :
as was also the wire which communicated with
the coating of the phial which was 3868 feet
long, and the observers were distant from each
other two miles.

400. The result of the explosion demonstrated
to the satisfaction of the gentlemen present, that
the circuit performed by the electric matter was
four miles, viz. two miles of wire and two of dry
ground, the space between the extremities of the
wires; a distance which, without trial, as they
Jjustly ohserved, was too great to be credited. A
gun was discharged at the instant of the explo-
sion and the observers had stop-watches in their
hands, to note the moment when they felt the
shock : but as far as they could distinguish, the
time in which the electric matter performed that
vast circuit might have been instantaneous, In
all the t‘-!:{'[ﬂu.-i:i{mr; where the eireuit was made of
considerable length, it was observed that though
the phial was very well charged, vet that the
snap at the gun barrel, made by the explosion
was not near so loud as when the circuit was
formed in a room: so that a h:,'-.l;l;mder, SR
Dir. Watson, though versed in these operations,
would not imagine from seeing the flash, and
hearing the report that the stroke at the extremity
of the conducting wire could have been consi-
derable; the contrary whereof, when the wires
were properly managed, he says, always hap-
pened.

401. Still, these philosophers were desirous to
ascertain the ahsolute velocity of electricity at a
certain distance ; because though in the last ex-
periment, the time of its progress was certainly
very small, if any, they were desirous of know-
ing, small as that time might be, svhether it was
measurable : and Dr. Watson had contrived an
excellent method for that purpose. Accordingly,
on the 5th of August, 1748, the gentlemen met
once more at Shooter's Hill ; when it was agreed
to make an electric circuit of two miles, by se-
veral turnings of the wire in the same field. The
middle of this cirenit they contrived to be in the
same room with the machine, where an observer
took in each hand one of the extremities of the
wires, each of which was a mile in length. TIn
this excellent disposition of the appacatus, in
which the time between the explosion, and the
shock might have been observed to the greatest
exactness, the phial was discharged several
times ; but the observer always felt himself
shocked at the very instant of making the explo-
sion. Upon this the gentlemen were fully satis-
fied, that through the whole length of this wire,
which was 12,276 feet, the velocity of the elec-
tric matter was instantaneous.

402. Notwithstanding all this surprising velo-
city, it is certain, that both sides of 4 charged
phial may be touched so quickly, even by the
best conductors, that all the electric matter haid
not time to moke the cirenit, and the phial will
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remain but half discharged. If the urper plate
ofan electrophorus also is very suddenly touched
with the finger, or any other conductor, a very
small spark will be obtained on lifting it up;
though a very strong one would be got if the fin-
ger was kept longer upon it.  But how this seem-
ing slowness can be reconciled with the immea-
surable veloeity above mentioned, does not ap-
pear. It is certain, indeed, that this fluid is
considerably resisted in its passages through or
over every substance. It will even prefer a
short passage in the air where it is violently re-
sisted to one along a wire of very great lengsh ;
but here, as in every other case, it seems to di-
vide its force, and to break through several dif-
ferent passages at once,

qﬁ:!.wﬁe amazing velocity of the electric fluid
has recently given rise to some speculations on
the subject of constructing electrical telegraphs;
this idea, however, appears altogether chimerical,
as has been proved some experiments made
hy professor Barlow, of the Royal Military Aca-
demy. By employing wires of different lengths
up to #40 feet, and measuring the energy of the
electric action by the deflection produced in the
magnetic needle, he found that the intensity ra-
pidiy diminishes, and very nearly as the inverse

uare of the distance. Mr. Barlow also ascer-
taned that the effect was greater with a wire of
4 certain size than with a finer one; but at the
same time, that no advantage was gained by in-
creasing the diameter beyond a eertain limit.

404, We have thus gone through what we
consider as the essentials of electricity in
neral ; we have omitted several things which we
consider as being now chsolete, and some also
that are.of too trifling a nature to deserve a place
in any work pretending to respectability. It has
been our aim to produce the most useful infor-
mation on eve rt of the subject, and to give
the whole as much interest and life as the nature
of a subjeet, purely philosophical, would admit.
It may, however, be adviseable, prior to closing
the present article, to furnish our readers with
the latest facts in the science of electricity, and
many that follow are discoveries thal are due to
the period that we are now writing.

{ix ParaToxxennes, or CoxpUcTORS OF
Licurxing.

405. A very interesting report on the subject
of paratonnerres, has been presented to the Royal
Academy of Sciences by M. Gay Lussac. e
paper is divided into two parts ; one thearetical,
and the other practical, and the information cor-
tained in it may be regarded as the most perfect
we pussess on the subject. '

406. The theoretical part is introdueed with
some general observations on electric matter, and
of comductors; that its velocity is at the rate of
ahont 1950 feet per second ; that it penetrates
hodics, and traverses their substance, with un-
equal desrees of velocity ; that the resistance of
a confuctor increases with its length, and may
excerd that which would he offered by a worse
but shorter conductor ; and that conductors of
small diameter conduet worse than those of
larger. The electric matier also tends always to
spread itself over conductors, and to assame a
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state of equilibrium in them, and becomes di-
vided among them in proportion to their form,
and principally to their extent of surface ; and
that hence a body that is charged with the fluid
being in communication with the immense sur-
I‘;:Eee of the earth, will retain no sensible portion
of it

407. Gay Lussac defines a paratonnerre to be
a conductor which the electric matter prefers to
the surrounding bodies, in order to reach the
ground, and expand itself through it; and com-
monly consists of a bar of iron elevated on the
buildings it is intended to protect, and descends
without any divisions or breaks in its length,
into water or moist ground. When a paraton-
nerre has any breaks in it, or is mot in perfect
communication with 2 moist soil, the lightning,
having struck it, flies from it to some neigh-
bouring body, or divides itself between the
two, in order to pass more rapidly into the
enrth.

408. The most advantageous form that can be
given to the extremity of a paratonnerre is that
of a sharp cone, and the higher it is elevated in
the air, other ecircumstances being equal, the
more its efficacy will be increased, as s proved
by the experiments of M.M, de Romas and
Charles.

409. It has not been accurately ascertained
how far the sphere of action of a paratonnerre
extends; but, in several instances, the more re-
mote parts of large buildings on which they have
been erected, have been struck by lightning at
the distance of three or four times the length of
the conductor from the rod. According, how-
ever, to the opinion of Charles, a paratonnerre
will effectually protect from lightning a cir-
cular space, whose radius is twice that of the
height of the conductor, By increasing, there-
fore, the altitude of a conductor, the space alss
which it will protect is augmented in pre
portion.

410, A current of electric matter, whether
luminous or not, is always accompanied by heat,
the intensity of which depends on the veloeity
of the current. This heat is sufficient to make a
metallic wire red hot, or to fuse or disperse it,
if sufficiently thin; and hence we may perceive
the absurdity of some attempts which have been
lately made, to protect ships, by thin slips of
copper nailed to the masts. The heat of the
electric fluid scarcely raises the temperature
of a bar of metal, on account of its large
mass; and no instanee has vet oceurred of an
iron bar, of rather more than half an inch
square, or of n;;af!inder of the same diameter,
having been fused, or even heated red hot by
lightning. A rod of this size would, therefore,
be sufficient for a paratonnerre ; but, as its stem
should rise from fifteen to thirty feet above the
building, it would not be of sufficient strength
at the hase to resist the action of the wind,
unless it were made much thicker at that part.
An iron bar, about three-quarters of an inch.
is sufficient for the conductor of the paraton-
nerre.

411. Mnﬁniing ta Ga;,.' Lussac, a paraton-
nerre consisis of two parts, the stem which pro-
jects in the airabove the roof, and the conductor,
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which descends from the foot of the stem to the
ground. The stem he proposes to be a square
bar of iron, tapering from its base to the summit,
in form of a pyramid, and for a height of from
twenty to thirty feet, which is the mean length
of the stems placed on large buildings; the base
should he about two inches and a half sejuare,
Iron being very liable to rust by the action of air
and moisture, the point of the stem would soon
become blunt; and therefore, to prevent it, a
portion of the top, about twenty inches in length,
should be cormposed of a conical stem of brass
or cnp'lper, gilt at its extremity, or terminated by
a small platina needle, two inches long. In-
stead of the platina needle, one of standard
silver may Dbe substituted, composed of nine
parts of silver, and oneof copper. The platina
needle should be soldered with a silver solder to
the copper stem; and to prevent its separating
from at, which might sometimes happen, not-
withstanding the solder, it should be secured by a
small collar of copper. The copper stem is united
to the iron one, by means of a gudgeon, which
screws into each ; the gudgeon 1s first fixed in
the copper stem by two steady pins at right
angles to each other, and is then serewed into
the iron stem, and secured there also by a steady
in.

- 412. The conduetor should be about three-
quarters of an inch square, and, as before stated,
reach from the foot of the stem to the ground.
It should be firmly united to the stem, by being
tightly jammed between the two ears of a collar,
‘by means of a bolt. The conductor should be
supported parallel to the roof, at about six inches
distance from it, by forked stanchions, and after
turning over the eornice of the building, without
touching it, should be bronght down the wall,
and to which it should be fastened by means of
eramps. At the bottom of the wall, it is bent
at right angles, and carried in that direction
twelve or fifteen feet, when it turns down into a
well,

413. Since iron buried in the ground in im-
mediate eontact with moist earth soon becomes
covered with rust, and is by degrees destroyed,
the eomduetor should be placed in a trough filled
with charcoal, in the following manner, Having
made a trench in the earth, about two feet deep,
a row of bricks is laid on their broad faces, and
on them others on edge ; a stratum of bakers’
ashes (braise de boulanger) is then strewed over
the bottom bricks, about two inches thick, on
which the conductor is laid, and the trough then
filled up with more ashes, and closed by a row
of bricks laid along the top. Tron thus buried

“in charcoal, will undergo no change in thirty
years, After leaving the trough, the conductor
through the side of the well before alluded

‘o, and descends into the water to the depth of
at least two feet below the lowest water line.
The extremity of the conductor usually termi-
nates in two or three branches, to give a readier
lmas:uge to the lightning into the water  If there
e no well at lind, a hole musi be made in the
ground, with a six-inch auger, to the depth of
about ten or fifteen feet, and the conductor passed
to the bottom of it, placing it carefully in the
-centre of the hole, which is then to be filled up
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with bakers’ ashes, rammed down as hard as
possible, all round the conductor.  In a dry soil,
or on a rock, the trench to receive the conductor
should be at least twice as long as that for a
common soil, and even longer, if thereby it be
possible to reach moist ground. Should the
situation not admit of the trench being much in-
creased in length, others, in a transverse direc-
tion, should be made, in which small bars of
iron, surrounded by ashes, are placed and con-
nected with the conductor. In general, the
trench should be made in the dampest, and con-
sequently lowest spot near the building, and the
water gutters made to discharge their waters over
it, 50 as to it always moist. Too great
precautions cannot be taken to give the lightning
a ready passage to the ground, for it is chiefly o
this that the efficacy of a paratennerre depends.

414, As iron bars are aifficult to bend accord-
ing to the projections of a building, it has been
proposed to substitute metallic ropes in their
stead, Fifteen ivon wires are twisted together, to
form one strand, and four of these form a rope,
about an inch in diameter. To prevent its rusting,
each strand is well tarred, separately, and, after
they are twisted together, the whole rope is tarred
over again with great care. Copper or brass
wire is, however, a better material for their con-
struction than iron. If a building contain any
large masses of metal, as sheets of copper or
lead on the roof, metal pipes and gutters, iron
braces, &c., they must all be connected with the
paratonnerre, by iron bars of about half an inch
square, or something less. Without this® pre-
caution, the lightning might strike from the con-
ductor to the metal (especially if there should be
any aceidental break in the former), and occasion
very serious injury to the building, and danger
to its inhabitants.

415. Paratonnerres for Churches.—For a
tower, the stem of the paratonnerre should rise
from fifteen to twenty-four feet, according to its
area ; the domes and steeples of churches, being
usually much higher the sarrounding
objects, do not require so high a conductor as
buildings with extensive flat roofs. For the for-
mer, therefore, their stems, rising from three to
six feet above the cross or weather-cock, will be
sufficient, and being light they may easily be
fixed to them without injuring their appearance,
or interfering with the motion of the vane.

416. Paratonnerres for Powder- Magazines—
These require to be constructed with the greatest
care. They should not be placed on the build-
mmgs, but on poles at from six to ten feet dis-
tance, The sters should be about seven feet
long, and the poles of such a height, that the
stem may rise from fifteen to twenty feet above
the top of the building. It is also advisable to
have several paratonnerres round each magazine,
1f the magazine be in a tower, or other very lofty
building, it may be sufficient to defend it by a
double copper conductor, without any paraton-
nerre stem. As the inflnence of this conductor
will not extend beyond the building, it canmot
attract the lightning from a distance, and will
yet protect the magazine, should it be struck.

417. Paratowncrres for Ships.—The stem of 2
paratonnerre for a };ts‘r[r, Consisis mun‘*!'_l,.' of o
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C r point, screwed on a round iron rod,
EEIt‘E:?w;Pﬁmljenremily of the top-gallant mast.
An iron Lar, connected with the foot of the
rourd rod, descends down the pole, and is ter-
minated by a crook or ring, to which the con-
ducter of the paratonnerre is attached, whicl, in
this case, is formed of a metallic rope, connected
at its lower extremity with a bar or plate of
metal, and which latter is connected to the cop-
per sheathing on the bottore of the vessel. Small
vessels require only one paratonnerre ; large
ships should have one on the main-mast and
another on the mizen-mast.

418. The late ingenious Mr, George Sing ¢
in his excellent work on electricity, proposed to
have conductors fixed to the surfaces of masts,
and the electric fluid conveyed by means of
strips of metal, over the deck and the sides of
the wvessel; but this arrangement on many
accounts is highly objectionable, and the mode
proposed by Gay Lussac, or perhaps that com-
monly adopted in the British navy, of conveying
the electric fluid from the mast-head to the sur-
face of .teh" water, in a direct 'Iin;.e, 1lilnv;,.r mlalqm:;. m
series of lo links, is the best whic
hitherto hee“f cﬁﬂm+ o

419. It is allowed from experiment, that the
stem of a paratonnerre effectually defends a
circle of which it is the centre, and whose radius
1s twice its own height. According to this rule,
a4 building sixty-feet square, rejquires only a
stem of hifteen or eighteen feet raised in the
centre of the roof. A building of 120 feet, by
the same rule, would require a stem of thirt
feet, and such are sometimes used; but it is
better, instead of one stem of that length, to
erect two of fifteen or eighteen feet, one placed at
thirty feet from oneend of the building, the other
at the same distance from the other end, and
consequently sixty feet from each other. The
same rule should be followed for three or any
greater number of paratonnerres, A plate is
given in the Annals of Philosophy to illustrate
this interesting subject more particularly.

Eiectro-MoTIVE Action oF WATER oN
Merars,

420. M. Becquerel has endeavoured to ascer-
tain experimentally the electrical effects pro-
duced by the contact of water and metals. li"he
effect is so small as 1o be easily mistaken for, or
confounded with, those due to electricity vro-
duced accidentally during the performance of
the experiments, by contact of varions parts of
the apparatus, or in other ways: but taking
every possible precaution, and testing his re-
sults in all ways, he arrived at the conclusion
that zine, iron, lead, tin, copper, &c., communi-
cated positive electricity to water; whilst pla-
tina, gold, silver, &e., gave it negative electricity.
Water is therefore positive with the metals which
are most positive, and negative with those which
are least positive. It operates, therefore, upon
oxidable metals as alkalies do in their conduet
with acids, when there is no chemical action.
The same phenomena take place even when a
little sulphuric acid is present, and the iron and
zine are acfed upon , so that chemical action in
this case did not prevent the production of elec-
tricity by the contact of metals and water
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421. By certain changes of the surface, it was
found that the inten sty of electricity produced
was much affected. A plate of gold, plunged
in nitric acid for a few moments, and then washed
in several fresh portions of water, produced a
development of electricity much greater than
hefore, the water still becoming negative., The
same plate, plunged into a solution of potassa
and then washed, lost iIn & great measure its
power of becoming electrified by contagt with
water. A plate of platinum offered similar re-
sults. It 15 supposed, that these effects ma
have a distant analogy with the facts almweg
by M. M. Thenard and Dulong, that a new pla-
tina wire, which would not heat in a current of
hydrogen gas and air, acquired this property
by being previously plunged for a few minutes
in nitric acid, and l'l!:en washed. The property
of the wire continued for above twenty-four
hours; and M. Becquerel says, that the plate of
gold preserved its power of becoming strongly
-i?lenlnﬁed in contact with water, for several
VOALTS.

Oxr tue ELECTRICAL ACTIONS PRODUCED BY
Tk Coxtacr oF Frasmes anvp Merais.

422. In place of making a complete metallic
circuit, as in Seebeck’s experiment; or one in
which the circuit was by water or acid, as in the
Voltaic pile; the metals used were connected
by a flame only, and their states ascertained
by the electrometer.  The flames used were those
resulting from the combustion of alcohol, hy-
drogen gas, or a sheet of paper.  When a plate
of platina was placed on the cap of the elee-
trometer, and heated by one of the flames before
mentioned, if the temperature was a red heat or
ahove, the metal became negative, but below a
red heat it became positive. On trying the clec-
tricity of the flame, b{l making it rise from a
piece of wet wood on the cap of the instrument,
and holding the platina in it, the reverse, as ex-
pected, was found to be the case.

423. A copper wire gave the same rosults,
and generally it app that all the metals had
the prtipert}f just described ; thus any metal,
plunged into a flame of hydrogen gas, becomes
negative or positive ﬂmnni';ug as the temperature
‘s higher or lower, and communicates the con-
trary electricity to the Aame.

424. If the flame by which the plate of metal
on the cap of the instrument is heated, be
touched hy a piece of wet wood instead of being
insulated, the effects are more distinet: but
if, instead of touching it with wet wood, it
be touched with a plate of the same metal as
that on the electrometer, the two portions of
metal are found in different states : that heated
to redness being negative, and the one heated 1o
a less degree positive. The same effects are
obtained if the two plates be of different metals,
They are also produced if the flame urged by a
hlu?i'upiq:!h:m used. ;

425, se phenomena may be supposed to
result either from the friction of the flame on the
metals, or from an electro-motive action. M,
Becquerel inclines to the latter opinion, conceiving
it improbable that the tranquil flame of alcoho
can produce friction sufficient to suffice fo the
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effect; and not being able to account by friction
for the circumstance of two pieces of metal ac-
quiting different electricities in the same flame,
according to the temperature. That the effect
was not due to the difference of temperature
existing in various parts of the same piece of
metal, was proved by the entire absence of any
electrical phenomena, when a plate of platinum
was heated to redness in the focus of M. Fresnel's
strong burning-glass. These experiments have
some relation to that of M. Volia on the com-
bustion of a piece of amadou at the extremity
of a rod communicating with the condensing
plate of an electrometer. M. Volta found, that
when the apparatus was distant from habitations,
the amadou became positive by taking electri-
city frem the eircumambient air, from which he
eoncluded that the atmosphere had always an
excess of positive electricity.

Frrcirical Pugsosesa accoMpanying Con-
RUSTION.

426. M. Becquerel found, that on rolling up
a sheet of paper, placing it in the electrometer,
miaming ity and touching the flame with a
piece of wet wood that the electricity might flow
away more rapidly, the paper became positively
electrical. I the experiment were inverted,
the paper being held in the hand, and the flame
made to touch the piece of wet wood placed on
the electrometer, it was found that the flame
ook negative electricity. Hence it may be con-
cluded, that when L]Im:}wr is burnt, the paper be-
comes positive, and the flame negative.

427. If aleohol be burnt in a copper capsule,
it is found by the condenser that the capsule
becomes electrified positively.

(s tae ErecTRo-moTive FoRceE OF CERTAIN
SUBSTANCES.

428. Carburet of iren~In electro-motive
power it yields only to certain oxides of manga-
nese. It is augmented by immersion into acidu-
lated water, if the plate be not wiped when
withdrawn. This increase of power is not dis-
sipated spontaneously, but is easily lost by the
action of an inferior metal, as zine.  When the
latter action diminishes that belonging to the
carburet, it i3 resumed spontaneously in a few
minutes. The Passau crucibles contain much
plumbago, and possess the sune properties if the
clay has not been too much vitrified ; a crucible
having an internal surface of 100 square inches,
and a vessel of similar form made of thin lead,
produced a very useful apparatus. A small in-
terval was left between the leaden vessel and the
erucible, and the inter-al filled with a strong acid
solution. By heating the crucible, and cooling
the interior of the leaden vessel, important effects,
dependent upon the difference of temperature,
could be observed.

429. Mercury—This metal ranges between
sulphuret of lead and silver ; when impure it be-
comes inferior even to brass, but distillation restores
it to its place.

* 430, Iron.—I1s electro-motive power is changed
by oxidation, but not much. Tts place is always
between tin and brass.
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431. Tin is superior to lead, but the least de-
gree of oxidation renders it inferior.  Lead, with
zine, gives greater deviations than tin, iron, brass,
or copper. There is no arrangement formed with
substances so near to each other, which produces
s0 energetic a current, and it 1s in this respect
opposed to that presented by zine, with gold or
platina.

432, Charcoul, heated until it ceases to yield
flame and slowly cooled, is equal to the metals
in electro-motive and conducting power. It
does not retard the feeblest electric current.  Its
electro-motive power is variable, according to the
manner in which it is cooled, and also to its ex-
posure to air.

433. Ouwede of tin, crystallised, produces cur-
rents, with all the metals inferior to it, as zine,
lead, tin, &¢. ; but none when in communication
with bodies having a superior electro-motive
force, as gold, silver, carburet of iron, gray
manganese, &c.—dnnales de Chine, XXXIII,,
136.

434. List of good conductors, arranged in the
order of their electro-motive power, the most

werful being first. ;

Charcoal afier long exposure fo air.

Gray radiated manganese,

Oxide of manganese.

Uncrystallised iron pyrites.

Magnetic iron pyrites.

Crystaliised arsenical pyrites

Carburet of iron.

Cubie iron pyrites.

Auriferons tellurium.

Gold.

Platina.

Copper {mrrite-su

Lamelliform tellurium.

gm' cobalt.

Fay COpper ong.

Angrnic:'ﬁpnickcl,

Charcoal slowly cooled.

Sulphureted protoxide of iron.

sulphuret of lewd.

lie:l gilver ore (bright).

Arsenical silver, and arsenic slightly oxi-
dised.

Mercury.

wilver.

Tarnished antimony.

Arsenie.

Sulphuret of molybdena.

Crystallised oxide of tin.

Tarnished copper.

Antimony (bright).

Charcoal extinguished in water.

Nickel.

Tarnished bismuth.

Brass much oxidised.

Bright copper.

Fass.

Crystallised protoxide of iron.

Tron.

Tarnished lead.

Manganese.

Tin.

Bright lead.

Ehamml, instantly after extinction a water,

ine.
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Ixsvration or ErecTrRIcITY.

435. M. Haiiy, in his method of distinguish-
ing precious stones, &c., joins the eleetrie in-
dications given by a gem when rubbed or pressed
to its other physical characters. That these
indications may be obtained more readily, M.
Haity has invented two small instruments, very
portable, and ready to fumish the two kinds
of electrieity. Oune of them is a small bar of
Ieeland spar, fixed to the end of a needle or
lever, which is then suspended by the middle so
as to be balanced by a thread of silk. When the
spar is |;W£$&d hetween the ﬁn%:’rs, it becomes
positively electric, and then the electricity of
another body, however excited, as of a gem
by friction, is ascertained by its attraction or
repulsion of the spar. The second instrument
is formed of a piece of sealing-wax, flattened at
one end so that it may stand on a table, and at
the nther suj:purling the point of a needle; a
needle of silver .or copper, terminated at the
extremities by heads, moves on this a5 on a een-

tre. To charge this apparatus, a piece of amber.

or sealing-wax is to be excited negatively by
friction, and then by*touching the needle it be-
comes similarly electrified, and is then ready to
indicate by attraction or repulsion the kind of
clectricity possessed by another body.

436. M. IHaiiy has also noticed the extreme
permanency of the eleetrical states of these two
apparatuses. His attention was drawn to this
circumstance, from the perfection of their action
during extremely moist weather, and he was
induced to make a few experiments on the sub-
ject.  The permanency of the electricity excited
on the spar depends on the difficulty of adhesion
between it and water. In damp weather no
moisture deposits on it, 50 that electricity given
to it is perfectly retained. Even if it be dipped
in water, and afterwards pressed without wiping,
it becomes strongly electric, because no water
adheres to its surface to conduct the power
away ; and M. Haiiy at last ascertained that
immersion in water was not sufficient to remove
electricity previously communicated to it. The
permanency, therefore, of its electrieal state in
the atmosphere, and the value of this property
lﬁg easily be conceived. IF the water be rub-

on the surface of the crystal so as actually
to wet it, then no electricity is generated by
pressure, and what may have i)reviously been
generated is of course dissipated.

437. M. Haiiy has observed also, that fluate
of lime and the euclax also acquired electricity
by pressure, though not so powerfully as Teeland
spar; and he found them also to possess similar
relations 1o water.

438, During his experiments on the electri-
city of minerals, M. Hauy found that the second
apparatus also had the power of preserving its
electric state unimpaired for a long time ; a cir-
cumstance scarcely to be expected from its con-
struction.  In examining the apparatus, this
F"IWEI' was found to depend on the sealing-wax
oot, for if that were removed and the needle
hung by silk, though it readily took. electricity
from other bodies, vet it also soon lost it;
wherens, on its pivot and foot of sealing-wax, it
retained it indiwnp weather for hours.  This -
pears to depend on a portion of electricity,
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which, when the needle is first charged, passes
on to the surface of the sealing-wax, and, re-
maining there for a while, gradually retumns to
the needle, as its state is reduced by the action
of the moist air, and supports, as it were, its
electricity at a higher tension than it otherwise
would have. M. Haity expresses this by saying
that the sealing-wax thas the power both of con-
ducting and insulating ; by the first it receives a
part of the electricity given to the needle, by the
second it retains it, and then by the first it gives
it back again to the needle when the air has
taken away its own portion. The evident con-
clusion from the experiments is, that the appa-
ratus is always ready for use, and will act in any
weather.

Prate Erecrnicar MacHixges.

439. A variation in the construction of plate
<lectrical machines has been devised and prac-
viced by M. Metzger, of Siblingen, in Schaffhouse,
which seems to be a real improvement. Con-
sidering that the effect desired in vsing the ma-
chine was first highly to excite the glass, and then
to collect the electricity from it, M. Metzger con-
cluded that the distance between the rubber and
die points of the conductor, in machinez of the
coimmon construction, was injurions in its eifects,
not only by causing the dispersion in part of the
electricity excited, but by uselessly wasting the
exciting surface. Plates were, therefore, mounted
in a very compact and perfect manner, with
three pairs of rubbers, placed at equal distances
from each other; the conductor also had three
arms furnished with points a little in advance
of each pair of rubbers, to collect the electricity
in the usual manner; and the rubbers were not
attached to a surrounding frame, but to brass
arms, which, proceeding from a socket through
which the axis passes, diverged at equal dis-
tances from each other towards the periphery of
the plate: the machine has a very compact and
neat appearance, and its various smaller parts
are contrived with much judgment.

440. In some comparative experiments, made
with a plate twenty-two inches in diameter, the
superiority of three pairs of cushions over two
pairs was very manifest. In the following table
the first column expresses the length in inches of
the rubbers ; the second the length of the spark
when two pairs of rubbers were used, and the
third the length of the spark when three pairs of
rubbers were on the machine.

Inches. Inches. Tnches,
i - ! | 18
7 : o a4 a1
B 4 T | ] 24
O ! . 18 27
10 20 40

Exrenimext witn a TouRMaALIRE.

441. That the tourmaline possesses electrical
properties dependent on its temperature has been
long known : the most elegant mode, however, of
exhibiting these phenomena has been suggested by
Mer. Sivright. ft‘ a slice he cut from this mineral,
perpendicular to the axis of the prism, and then
placed npon a piece of well-polished glass, on
being heated to a temperature of 2127 it will be
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found to adhere so firmly as to support the
weight of the slice. The two poles of a tour-
maline may also be connected in such a way as
to exhibit the effects of attraction and repulsion.
To effect which, the oppositely electrified poles
are furnished with metallic caps and wires, re-
sembling a horse-shoe magnet ; and a light pith-
ball, placed between these metallie conductors,
13 made to vibrate till the electric equilibrium is
restored.

Erecrricity or o Cart.

442. The electricity, upon rubbing the back of
a cat, is well known : and that it is rendered evi-
dent by a snapping noise and sparks of light. Mr,
Glover, ina Il;ttev to the editor of the Philosophi-
cal Magazine, describes so intense an action of
this kind, as 1o enable the animal to give a very
sensible electric shock. This effect was oblained
at pleasure by Mr. Glover, and by some friends.
When the cat was sitting on the lap of the per-
son, if the left hand was pia-:'.edp under the
throat with the middle finger and the thumb
gently pressing the bones of the animal's shoul-
der, and the right hand was piaced along the
back, shocks were felt in the left hand ; and
when the right hand was placed under the
throat, whilst the left hand ruEhed the back, the
shocks were felt in the right hand. When the
atmosphere has been favorable, and the cat had
lain some time before the fire, the experiment
always succeeded.

Bonxexeercex's FLreTRoMETER.

443, This instrument is intended to indicate at
once the nature, as well as presence, of electricity.
The exterior is formed of a cylinder of glass,
about two inches and a half wide : it is closed at
the top by a brass plate, from which descend two
of De Luc’s electric columns, each eontaining
ahout 400 dises of gilt and silvered paper, about
three lines in diameter, and terminated below by
brass rings; these tubes are an inch and a half
distant from one another, and between them is
placed a tube of glass, which, passing through
the cover, in the manner of Singer's insulation,
supports a wire, terminated below by two gold
leaves, and above by a metallic plate. It is
easy, from this disposition, to perceive that when
the leaves are unelectrified they will hang mid-
way between the tubes; but when affected by
the approach of electrified bodies, they will di-
verge and indicate by the attraction of the leaf
on the one side, on the other the nature of the
charge.

Errctricity Propuced by CoOSGELATION

oF Waren.

444. When water is frozen rapidly in 2
Leyden jar, the outside coating not being insu-
lated, the jar receives a feshle electrical charge,
the inside being positive, the outside negative.
If this ice be rapidly thawed, an inverse result
is obtained, the interior becomes negative, and
the outside positive.— Grothus.

ImproveMenT oF THE Livoes Jar.

445. M. Metzger has varied the construetion of
Leyden jars, so as to augment their capacity with-
oul inereasing their apparent volume.  For this
purpose, having two jars of proper dimensions,

i
he simply places one within the other, =o that they
shall apply “pretty correctly, and thus bave a
capacity of charge nearly proportional to the
whele surface of eoating, without increasing the
volume of the whole beyond that of the larger
jar. Jars made shightly conical would answer
well for this purpose.

ELecTRICITY 0% SEPARATION OF CARTS.

446, In the water-proof cloths manufactured
by M. Mackintosh of Glasgow, where two piece;
are cemented together by caoutchoue dissolved in
coal, tar, or oil, the adhesion is such, that when
the two are torn asunder in the dark, there is a
bright flash of electric light, similar to that pro-
duced by separating plates of mica, by breaking
Rupert’s drops, or by breaking barley-sugar, or
sugar-candy. Upon trying this experiment with
different substances, it was found that flashes of
light were distinetly produced by tearing quickly
i piece of cotton eloth.

Eizerrie Lacnr.

447. Having a metallic wire covered with
silk, form it into a close flat spiral, taking care
that the revolutions touch each other: their
number may be arbitrary, more than twenty-
four have not been used. The pwrcﬂies of this
spiral, when it forms part of the Voltaic eircuit,
are well known ; but pass through it a charge of
common electricity, such as may be taken by
two square feet of coated surface, moderately
charged, and a vivid light, something resembling
that of an artificial fire-work, will oceur, origi-
mating from the centre of the spires : it may be
seen very distinetly without darkening the cham-
ber where the experiment is made. M. Leopold
de Nobili, who describes this experiment, con-
giders the phenomenon as perfectly new. If the
wire be folded backwards and forwards, so as to
form a rectangular surface, then the electric dis-
charge only produces a faint light at each corner,
and this he considers as the light produced by
the escape of the electricity into the atmosphere ;
but the light from the spiral is said to be so vivid
and distinet, that once seen, its dizsimilarity
from the former must be instantly evident; he
has therefore called it electro-magnetic light, be-
cause of its relation to the magnetic state of the
spiral, thinks that it might be made continuous
if a sufficiently powerful Voltaic battery were
uzed, and has little donbt but that the awrora
borealis is such a light, elicited by the magnetic
state of the earth.

ErecTRIciTY EXcITED BY TRE Bumsixc
oF Paver anp ALconor.

443. M. Becqueral has found, as the re-
sult of numerous experiments, that when a roll
of paper is set on fire at one end, the flame
thereof becomes negatively electrified, and the
paper positively. He also found that when al-
cohol is burned in a copper dish, the latter
becomes positively electrified.

Hare's Sixcre Gorp-Lear ELEcTROMETER.

449. This instrument consists of a glass
vessel, fixed by a foot to a wooden stand, and
having an aperture at the top, and also another at
one side. e top is closed by a metal cap,
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finished externally by a horizontal zine dise, six
inches in diameter, and connected internally
with a single leaf of gold, cut into an acute tr-
angular form, and hanging on the centre of the
instrument, with the point downwards. Oppo-
site to the lower end of this leaf of gold, is a
ball attached to a horizontal wire, and which,
passing through a screw cap fixed in the lateral
opening of the glass vessel, can be made to ap-
proach to, or recede from, the leaf at pleasure,
the distance being estimated by a graduation of
the screw into & of an inch. A plate of r:npy»er,
six inches in diameter, and furnished with a glass
handle, generally accompanies the instrument,
450. The electricity produced by the contact
of copper and zine, is rendered sensible in the
following manner :—Place the disc of copper on
the disc of zine ; take the micrometer screw in
one hand, touch the copper dise with the other,
and then lift this disc from the zine. Assoon as
the separation is effected, the gold leaf will
Slril:etll:ae ball, usually if the one be not more
than 4}; of an inch apart from the other. ¢ That
the phenomenon arises from the dissimilarity of
the metals, is easily shown by repeating the ex-
periment with a zinc disc, in lieu of a disc of
copper. The separation of the homogeneous
dises will not be found to produce any contact
between the leaf and the l:algf
451. ¢ Itis probable that the sensibility of this
instrument is dependent on that property of
electricity which causes amy surcharge of it,
which may be created in a conducting surface,
to seek an exit at the most projecting termination
or point connected with the surface ;' this dispo-
sition being increased, of course, by the proxi-
mity of the ball. These effects are not to be ex-
cted in weather unfavorable to electricity ;
t in favorable circumstances they have been
produced by a smaller instrument, the discs be-
ing only two inches and a half in diameter,

Pyro-Ereerhicity orF MiNenaLs.

452. M. L'Abb¢ Haiiy has remarked, with re-
gard to the electricity produced in certain erys-
tals by an alteration of temperature, that it is of
two kinds. The accidental circumstances which
led to the discovery took place whilst he was
examining some crystals of the oxide of zine, from
Limbourg, near Aix-la-Chapelle, and fragments of
the acicl;ﬁar variety of the same mineral from
Brisgau. Having placed a piece of one of
these substances in a very cold window for a few
moments, it was found, on examination, to be
electrical. Iis poles were ascertaimed, and the
mineral then placed in a milder temperature,
when the electricity soon become null ; but, being
approached to a fire-place, the power was greatly
renewed, but the poles were inverted.

453. These results have been verified by M.
Haiiy on other crystals, especially those of the
tourmaline. In taking them for examples, he
has endeavoured to bring under one point of
view all that passes with respect to them in the
interval comprised between the limits of tempe-
rature, beyond which the electric action disap-
pears without return,  He has given the name of
ordinary electricity to that produced by heat,
and extraordinary electricity to that produced by
cold.  Tf, therefore, commencing at the point
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where the excess of heat destroys in the tour
maline the effects of the ordmary electrieity,
that mineral be left to cool, it'will soon give signs
of ordinary electricity. The action of the poles
at first feebly augments to a certain degreg, be-
yond which 1t gradually diminishes, and at last
disappears. With a temperature a little lower,
however, the extraordinary electricity appears,
and the poles resume their power, but in an in-
verted order, so that the pole at first positively
electrified becomes negative, and the negative
pole becomes positive.

ELECTRICITY OF THE ATMOSPHERE.

454, M. Bourdet, an ex-captain in the French
service, has described in a letter, a very singular
electric phenomenon which he witnessed in Po-
land, December 24th, 1826.° The weather, ac-
cording to the Poles, had never been milder at
that seazon of the year, no snow had been seen,
nor had the usual cold weather of the north,
which generally set in early in that country, then
commenced. Rains and storms, however, were
frequent. <[ was,’ says M. Bourdet, ¢ with the
advanced guard of light cavalry ; the commander
gave me an order to halt in the rear and see that
my guns were disembarrassed, and then to rejoin,
as quickly as possible, the light brigade. In
spite of the efforts of my mer, the guns were
not cleared from the marshy ground in which
they were entangled, without great labor. We
were advancing across the field about nine
o'clock in the evening, when a strong gust of
wind suddenly arose, the sun had shone brightly
during the day, and, in a few minutes after, the
night became so dark that we could not see the
heads of our horses. The wind blew so vio-
lently that the horses stopped. At that moment
the extremity of the hair on their ears beeame lu-
minous, as well as all the longer hairs on their bo-
dies except the locks on their manesand tails. All
the metallic extremities of their harness, and all
the metallic sharp points of the éarriages of our
guns, were studded with luminous points, so
that one might have supposed, had it been
spring, that a swarm of glow-worms had covered
our horses and guns. Our quarter-master ob-
served that the points of my mustachios were
luminous. The same phenomenon was seen on
some of the cannoneers, but none of us had our
eye-lashes or hair rendered luminous. These
lights remained as long as the gust of wind
lasted, namely, for three or four minutes. Their
color was a soft violet, and they terminated in
a bright white. The horses held their heads
high, their ears were erect and moving, their
nostrils open and respiring, their manes and
tails erected, their fore legs thrown forward and
their hind ones back. Their attitude, in general,
was that of animals seized with terror. During
the time the wind blew, they remained at a full
stop, and, when feeling the spur, some stood
stock still, and others kicked, as if they had
been reluctant to advance. When the wind
ceased the lights disappeared, and a deluge of
rain, mingled with hail, fell. But, though the
obscurity continued, our horses moved on, shak-
ing themselves at times, panting forcibly, and
neighing ; but they continued on their march.
On arriving at the advanced post, I mentioned
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1o my comrades the phenomenon we had wit-
nessed, and though t! g had been only three
leagues from us, they felt ne wind, but expe-
rienced much rain. The wind we encountered
had an opposite direction to the rain.

RELATION OF A REMAREARLE ELECTRICAL
PrEsoMEsDX.

455. The following relation is made I:?I M.
Allemand, of Fleuvier Neufchatel, to M. Pictet,
and is published in the Bib. Univer. M. Alle-
mand, states that on the 3d of May, ahout ten
o'clock in the evening was caught in a violent
storm of wind and rain. The thunder becoming
frequent and strong, he thought it proper to
elose an umbrella he had with him, and hold
the upper metallic point in his hand, lest it
should attract the lightning. The night, dark of
itself, was made more so by the great rain. Sud-
denly he perceived a light from above, and
looking upwards found the edge of his hat lu-
minous. Supposing at the moment the hat was
on fire, he, without reflection, passed his hand
over the light to extinguish it. Tt, however,
only shone more strongly, a circnmstance which
caused some confused '!j.ﬁns on the pature of the
light. The hand being filled with water from
the hat, on shaking it, M. Allemand saw that the
interior of it shone as if it were a polished
metal reflecting a strong light.

456. Being at this time near the farm of Chaux,
about ten or twelve minutes’ walk from Fleurin,
and fifteen or twenty from Motiers, M. Alle-
mand considered for a moment whae he had
best do, and econcluded on continuing his pro-
gress. Having once filled his hand with the
electrified water with impunity, he ventured to
repeat the experiment, and did it fifteen or
twenty times, endeavouring to ascertain whether
it had odor, or produced any decrepitation or
sound ; but nothing of this kind could be per-
ceived ; nothing but the bright light, which
~ seemed like a brilliant varnish on the hand.
The light remained for an instant only. Ata
few hundred paces farther on, the light on the
hat still continuing, M. Allemand was surprised
by the ﬂpFEﬂI&nL‘E of another light, less brizht
than the former, on the smooth surface of the
umbrella handle, at the place where generally a
plaie of metal is placed Fnr the name, but which
1]E:Ial;'ia' had been removed from this umbrella. At
first the finger was passed over it to extinguish
it, but the phenomena were just as before, and

k.

both the rubbing and rubbed surface shone
brightly. Afraid of the metal about the um-
brella, it was thrown down, and M. Allemand

went on his way, rabbing his hat on the slreve
of his coat; but in this way only rendering the

“light brighter. The thunder was more frequent

than before, but sull ai some little distance, The
crown of light continued until M. Allemand ar-
rived near Motiers, and he attributed its cessa-
tion to the high poplar trees in the neighbour-
hood of that place. Stopping at Motiers only a
short time, he took a guide with a lantern to
find the umbrella. Having done so he sent back
the man, and went on himself towards Fleurin.
As the tempest had diminished, he used the um-
brella; and, as soon as the light of the lantern
was sufficicntly removed, he again remarked lu-
minous appearances. These occurred at each
end of the whalebone ribs, on the metal point
which terminates them: the light was not so
hright as the eleetric star, but they were brilliant
points like a yellow red metal, highly polished,
and would, M. A. remarks, have appeared very
beautiful if he had been collected enough to ad-
mire them. M. Allemand explains these effects
by supposing the atmosphere sursaturated with
electricity, and that a portion of it was conti-
nually passing to the ground, throwgh his hat,
umbrella, and himself,
[revmixarion oy Evecrricrry.

457, Professor Meinecke of Halle, has, in a late
number of Gilbert’s Anrials, proposed to illu-
minate halls, houses, and streets, by the electrie
spark, and EHFNEEER his strong persuasion that
one day it will afford a more perfect and less
expensive light than gas-illumination, and ulti-
mately replace it. Ifis plan is to arrange, what
are called in electricity, luminous tubes, glasses,
&e., 1. e. insulating substances, having a series of
metallic spangles at small distances from each
other, along the place to he illuminated ; and
then by a machine send a current of electricity
through them : sometimes also partially ex-
hausted glasses, as the lmninous receiver, eon-
ducior, fc., are used. In this way professor
Meinicke chtained from a two feet plate machine
a constant light in his apartment, equal to that
of the moon, and even surpassing it; and by
enclosing his system of sparks in tubes filled
with rarefied hydrogen gas, in which gas it is
assumed that the electric spark is more than
doubled in brilliancy, thinks 1t will be easy to
enlarge the plan to any extent.

b |
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ELECTRO-GALVANISM.

1. Erectro-Gavrvaxism, or Vorraic Erectri-
cITY, may be said to owe its origin to the discoveries
of an ingenious Ialian philosopher, named Gal-
vani, who published a Latin treatise on the sub-
Ject at the close of the last century.

2. In the preceding article we have examines
the various phenomena resulting from the fric-
tion of dry bodies, which, by their mutual action
on each other, tend to destroy their electrical
equilibrium ; and we now propose to furnish
our readers with an outline of that branch of elec-
tricity which has led to some of the most impor-
tant discoveries and splendid triumphs connected

with the progress of chemical science.
3. In the year 1700 L. Galvani, professor of
anatomy at Bologna, accidentally discovered

that the passage of a small quantity of electricity,
through the IIEHI'E of a frog nlal haglr heen rq-:-.enli‘;r
killed, had the property of exciting distinet mus-
cular contractions. He produced the same effect
with atmospherical electricity ; and afterwards by
the mere contact of two different metals. Ths
discoveries were published in 1701 : he proved
the phenomena to be electrical, and says, it
you lay bare the sciatic nerve of a frog, and re-
move the integuments, then place the nerve on a
piece of zine, and a muscle on a plate of gold,
and connect these metals by any conducting sub-
- stance, contractions are produced ; but,if non-
conductors are used to connect the metals, con-
teactions are not excited.” The experiments of
Galvani received considerable attention; they
were varied and extended with the greatest per-
severance and address b}rn.;;mfessur Volta, Dr.
Valli, Humboldt, Fowler, Monro, Robison, and
many others.

4. The effects obtained in the experiments of
these naturalists may be illustrated hy wari simple
experiments. The most important facts they esta-
Elish are, first, that the passage of a small quantity

* of electricity through the nerve or nerves ofany ani-
mal, oecasions a tremulous motion oF contraction
of the contiguons muscles, and sometimes an ex-
tension of the limbs. This effect takes place both
in living animals and such as have been recently
killed, and even in the detached limbs of these
last. [tis produced when the transmitted elec-
tricity is too weak to affect the most delicate elec-
trometers, and obtains in all animals for some time
after death ; their mscﬂmtihi!it_y heing sreatest at
first, and gradually diminishing as the limbs
stiffien.  Amimals with cold blood, as frogs and
fishes, retain the power of action after death
longer than others, sometimes for many hours, or
even days. j

5. Secondly, The same effects that are pro-
duced by the passage of electricity, also result

" from the contact of different metals with the
nerves and museles. If a commwnication he
formed between any nerve and muscle by a single
metal, cont ractions are but rarely produced, and
when they ap are very feeble ; but if two me-
tals are employed, in contact with each other,
motion is always obtained, and the effects are
most considerable when the metals are most es-

Vor. VIII.

sentially different ; thus zine and gold or zinc
and silver, form a very active combination.

. Thirdly, By the same means that muscular
motion is excited in these trials, some of the
senses are remarkably affected, as will be evident
when the experiment is made on living animals.

7. The demonstration of these facts is easily
effected. For the excitation of muscular motion
any small animals may be employed ; the most
convenient are frogs and fishes. Frogs are pecu-
liarly susceptible. 1f one of these :mirﬂnlt:'. be
employed alive, a piece of tin-foil may be pasted
on its back, and the frog being then placed on
a plate of zinc, spasmodie convulsions will be
produced whenever a communication is made by
a wire between the zine and the tin-foil.  This
experiment will succeed either in the open air or
under water.

8. Bl Valli, an Italian physician, was one of
the earliest to enter on a series of Galvanic bx-
periments, which he bezan by those that relate
more immediately to animal electricity. The re-
sults of these experiments he enmmunicated in
1702 to the French Academy of Sciences, by the
members of which the experiments themselves
were 50 much approved, that the greater part of
them were shortly after repeated in the chemical
laboratory of Fourcroy. They were as follows :—

9. Experiment I.—Two metallic coatings, one
of lead the other of silver, were placed on a frog
fastened to a table, the former on the belly of
the animal, the latter on the pelvis. These me-
tallic coatings having been brought into union by
the means of an exciting arc of copper, very

rful convulsive movements were produced
in the animal.

10. Experiment I[I.—The small sheet of lead,
employed as one of the coatings in the former
experiment, having been removed, so as to leave
the abdomen bare, and the exciting are applied
in the same way as before, the convulsive move-
ments took place Lut were not 20 sensible as in
the other ease.

11. Experiment IT1.—In employing two coat-
ing2 of the same metal, silver or gold for instance,
it was found that the effects produced hy the
exciting are of copper were much weaker. When
these coatings were not only of similar metals,
such as copper, lead, tin, zine, &e., but the ex-
citing arc alsn, no effect was produced.

12. Experiment IV.—The coating placed on
the abdomen having received an horizontal di-
rection, insomuch that the points of contact were
less numerous, the effects were proportionably
diminished. As soon, however, as the coating
was brought intn full contact with the surface of
the abdomen, they beeame as powerful as be-
fore.

13. Experiment V.—A frox having heen
skinned, and cut transversely through the middle,
the nerves of the thighs were laid bare, united,
and placed on a piece of gold, at the same time
that the thighs themselves. were brought in con-
tact with a piece of silver. On_the application
of the exciting are of copper, slight m(u}mments
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were produced ; as they also were when both the
coatings were of silver. But when a coating of
tin, lead, or copper, was substituted for the one
of silver, in which the nerves were envelo tlJ
the movements became very violent. The fol-
lowing gradation was, however, observed in
the action of the metals: the lead produced
the most powerful movements; next the ting and,
lastly, the copper. In proportion as the vitality

the frog was diminished, the metals also lost
the power of governing the direction of the
}Flﬂgmss of the electric fluid in the animal,

ie lead, tin, and zine preserved this property
the longest.

44, Experiment VI.—Plumbers’ lead, placed
on each side as a coating, produced no effect
when employed with an exciting are of the same
deseription of lead; but when different qualities
of this metal were selected, such, for instance, as
the lead of the assayer, and plumbers' lead, an
exciting are of either of thesé descriptions of
metal produced very singular effects. When
these two kinds of lead, in changing the different
metals, were no longer productive of any efivet
in one of these coatings, by substituting for the
lead either silver, ;E'u'ld.. bismuth, antimony, or
zine, movements of so powerful a nature were
obtained,as to enable the animal to be susceptible
of slight convulsions, when the abore-mentioned
pieces of lead, each of them of a distinet kind,
were again applied.

15. Experiment VIL.—A short interval of
repose having been allowed to the frog, it was
found to be susceptible of convulsive movements
of @ forcible nature, when again subjected to the
same trials.

16. Experiment VIII.—The electric power
being pearly exhausted in this animal, it was
found that the different metals, when they pro-
duced by their contact new convulsions, did not,
on this efiect ceasing, leave to the animal the
faculty of displaying fresh movements with the
coatings of the different kinds of lead.

17. Experiment 1X.—Lastly, the electric ac-
tion disappeared totally in the following order,
the plumbers’ lead invariably forming one of the
coatings : the assavers’ lead first ceased to deter-
mine the action: pext the tin; next the anti-
mony ; next the zine; next the copper ; next the
gold; and finally, the silver, It ought here to
be noticed, that the iron had lost its exciting
quality before the antimony; but it was not as-
certained whether it had likewise been deprived
of that quality before the lead and the tin.

18. Experiment X.—The zinc, i losing the
exciting property by which eonvulsions had heen
produced on the frog, which had been subjected
to the experiment for the space of an hour, was
not capable of determining any. farther move-
ments when the leaden excitine are was placed
on it. It was however remarked, that move-
ments were still produced by this metal, the mo-
ment the person engaged in the experiment re-
moved the exciting are, and destroyed the com-
munication. This singular experiment was so
often repeated, as not to leave -any doubt re-
specting the result.

19, Experiment XI.—The upper part of a
frog, skinned and intersected transverzely, having
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its crural nerves armed with a piece of lead, as

in the i]iremeding experiments, was placed in a
glass filled with water, while the inferzor of
the animal was placed in another glass. The

different parts displayed very powerful move-
ments when the communication was established,,
Ly the means of a chain formed by the persons
present, two of the persons present having been
selected to touch, each of them, the water in one
of the glasses. Cne of these individuals held in
hiz hand a bit of metal, which he brought in
contact with the coating of lead. .

20. Ei:]!:j:rimm XIL.—When one of the com-
pany withdrew himself in such a way as to
mterrupt the chain, the movements were no
longer perceptible.

21. Experiment XIIL.—The parts of the
frog having been placed in the two glasses, as
in Experiment X1., the operator could not ex-
cite any movement by establishing the commu-
nication with his two fingers.  He was equally
unsuccessful when, with one hand anned with
a piece of metal, he touched the body of the
frog, while he placed a finger of the other hand
on the metallic coating of the crural nerves, But
when, having a finger placed on the inferior part
of the frog, he presented the pieee of metal to
the coating of the nerves, very powerful move-
ments were excited in the animal.

22. Experiment XIV.—When the frog was
touched with a metallie exeiting are, in an insu-
lated siate, no sensible effect was produced ;
but, when the metal ceased to be insulated, the
effect was invariably very considerable.

23. Experiment XV.—One of the fore legs of
a rabbit having been detached from the body,
the brachial nerves were denudated, and armed
with a piece of sheet-lead. A piece of silver,
which was to act as an execiting are, was after-
wards laid on an adjacent muscle ; and the re-
sult was, that very violent convulsive motions
were produced in the animal. In this experi-
ment on the rabbily as it was afterwards vared,
one of the coatings being of plumbers’ lead, and
the other of assayers’ lead, the movements were
no longer excited. When they consisted, the
one of lead, and the other of iron, they pro-
duced as linle effect; but when the lead, as
one of the coatings, was tried with another
coating, either of silver, gold, copper, zine,
or antimony, convulsive movements were pro-
duced. Combined with a coating of bismuth,
the coating of lead produced but very slight
MOVETEnts,

24. LExperiment XVI.—To ascertain the state
of the electricity inherent in the animal sub-
jected to the experiment, it was plunged into a
vessel containing one of Coulomb's - electrome-
ters, and successively electrified hoth positively
and nﬂﬁajjmly. In either of these cases the ani-
mal influenced the balls of the electrometer, so
as not only to evince that the electricity was in a
perfect state of rest, as well before as during
the experiment, but also, that the system of the
body on which it was made, presented in the
most marked and striking manner, the phenome-
non of a Leyden phial.

25. Experiment XVII.—The left crural nerve
of aliving frog having heen bound by a strong
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ligature, the animal lost the faculty of moving,
in @ natural way, the part beneath the point
“where the ligature was tied. The nerve, how-
ever, having been armed in the same manner as
in the preceding experiments, the movements
were excited as soon as the communication was
established between the muscle and the part
above the ligature,

26. Experiment XVIIT.—The ligature having
been made on the left crural nerve, sufficiently
near to the muscle to be in contact with it, and
on the right crural nerve in such a way as to
render it disengaged and visible, the left part of
the animal heing in a palsied state, remained
perfectly motionless, whilst the convulsive move-
ments excited by the communication were all
of them confined to the right side. The above-
mentioned left crural nerve having been after-
wards more effectually denudated, and separated
from the muscular substance by which it was
surrounded, recovered its quality as a condue-
tor, and permitted the movements which were
communicated to display themselves with con-
siderable energy. “’Een the ligature was forced
back against the muscle, the limb again lost the
faculty of motion.

27. Experiment XIX.—One of the crural
nerves having been armed with e piece of sheet-
lead, a communication was established between
this nerve and the other crural nerve in an un-
armed state. The result was, that very powerful
convulsive movements were produced.

28. Experiment XX.—One of the al~ve
nerves, coated with two pieces of lead, at J'%
ferent intervals of the muscle, was violently agi-
tated as soon as a communication was esta-
blished between the two parts by the means of
an exciting are. The same effects were observed,
notwithstanding every part of the nerve was laid
hare, and separated from the surrounding
muscle.

29, The earliest experiments undertaken by
M. Humboldt were made in the presence of M.

Venturi, professor of natural philosophy at Mo-
dena, and several medical students. The bram
and spinal marrow of several frops having been

laid bare, and the animals properly armed,
powerful contractions were produced, by the
‘:?plimj_inn of the galvanic arc, in the muscles

the thorax and abdomen, together with slight
contractions of those of the thizh. Violent eon-
vulsive movemenis of the eyes were at the same
time perceived. The diaphragm, a muscle which
is in all cases extremely sensible to galvanic
irritation, was also powerfully contracted. As
soon as the femoral and sciatic nerves had been
irritated, violent contractions were produced in
the thizh. The experiments on the heart and
stomach were attended by but little effect.
‘When, however, they were made on the heart of
adog, separated from the animal, and which
had ¢ to contract, that action was, in a cer-
tain degree, renewed ; and, in the case of the
stomach, 2 feeble motion was induced in the
parts touched by the zinc. These experiments
were afterwards repeated with pretty nearly the
same results.

a0, Agthe efficacy of the different substances
saleulated to bring about the galvanic pheno-
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mena, and the modifications they induce, had
attracted the attention of naturalists much more
than the eflects of galvanism itself on the animal
economy, Humboldt determined to direct his
experiments more particularly towards the latter,
The cause of galvanism appearing to him to
reside 1n the body of living animals, and to be
merely excited to action by extrancous sub-
stances, he was of opinion that the strongest light
would be thrown on this subject by observing the
phenomerna the animal should f{m:wnt. Seeing
that the magnetic and electric fluids, which are
neither peculiar to the living body, nor scereted
in its organs, as the galvanie flud appears to
be, have,. notwithstanding, a decisive influence
on the human body, as well in a healthy condi-"
tion as in a diseased state, ought it not, he ar-
gued, to be concluded that galvanic researches
are equally interéstng to the physician and to the
naturalist, insomuch that the former has a rign.
to hope that galvanism may one day be usefully
employed in the cure of particular diseases ? and
he adds, ¢ In the science of galvanism, as well
as in every branch of natural philosophy, facts
alone are stable and certain.’

31. The following are the conclusions drawn
by Humboldt from his early experiments.

32. (1.) That the effects of galvanism are almost
invariably different on different parts of animals;
and that multiplied and well combined expe-
riments on this subject may furnish aiuiem{:hr
correct appreciation of the respective forces of
the different extensor and flexor muscles.

33. (2.) That in animals with warm blood, the
diaphragm is, of all the muscles, if not the most
powerfully, at least the most easily irritable, it
being the only one which constantly contracts
with violence in the experiments without a chain.
This may lead to a knowledge of the respective
degrees of irritability residing in the different
miscles.

34. (3.) That the living nerves and muscles are
surrounded by an active and sensible atmo-
sphere ; and that the action of the nerve extends
beyond the points at which they are distributed.

35, (4.)That galvanism is capable of exciting
movements in the organs wllicﬁ". are altogether
independent of the will, such as the heart and
stomach,

36.(5.) That the galvanic fluid, proceeding from
an animal with warm blood, may act efficaciously
on the human nerves.

37. (6.) That the galvanic phenomena take
place without the intervention of any external
body, which proves that the cause by which they
are produced resides in the living arimal eco-
nomy.

38, (7.) That these phenomena may be made
apparent by the means of a chain established
between two points of one and the same nerve,
as well as in the organs brought in contact with
any part of the chain.

49, (8.) and lastly. That by the discovery of
galvanism, anatomists are supplied with the
menng of ascertaining, in small animals, the
nervous distributions which are too minute for
dissection. From a comparison between many
of the phenomena of living bodies with those of
dead. matter, Humboldt coneeived Ig'le idea o
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instituting a series of experiments by which vi-
tality should be, as it were, subjected to a che-
mical analysis,

40. M. Humboldt’s attention having been di-
rected to other objects for more than two years,
be did not think of publishing his experimental
observations, until the work of our countryman,
¥owler, on the galvanie influence, enlightened
him as to the result of his experiments, which
hie had hitherto apprehended to he peculiar to
himself, at the same time that similar ones were
made by other naturalists; such, for instance, as
the experiment of Mr., G. Hunter of York, which
consisted in perceiving the flash of light without
any contact of metals with the eyes. Humboldt
now began to colleet all that had appeared on
this subject, from* the origin of the discovery,
and to compare this information with what he
had himselt observed.  On reading the exeellent
production of IMaff on animal electricity and
irritability, he found, in the very considerable
number of experiments it contans, and in the
important observations by which they are ac-
companied, results exactly similar to those with
which his own experiments had supplied him,
notwithstanding a very different mode of investi-
gation had been pursued by their author. He
was now obliged to renew his labors, and to
suppress at least one-half of his experiments.

41. By the observations of Messrs. Jurine,
Pictet, Scarpa, Tralles, and Volta, in whose pre-
sence they were made, he corrected his ideas;
and their reflections conducted him to new re-
sgarches.  After having collected all the obser-
vations on irritation, and on the incitability of

the sensible and’ irritable fibre, he with
the history of galvanism, as it led to the other
researches.  Finding it unnece; to go into

any length of detail, in penning down his ob-
servations, the results alone being of importance,
he has contented himself with pointing out the
principal ones, in a loose way, and in the order
in which they presented themselves to him. This
work 15 divided into ten sections, which, after
the introductory matter already given in sub-
stanee, form a kind of table of the subjects the
discuss, and of which the “following is a brief,
but faithiul, analysis.

42, In the first section the author expatiates,
in general terms, on the relation between gal-
vanic irritation and incitability, and on the dif-
ferent degiees of the former, which, he observes,
act exclusively on organic parts provided with
sensible fibres. The indirect effects on mani-
mete matter, connectsd with incitable bodies,
have not, as vet, been experimentally demon-
strated. Humboldt, with great care and attention,
caused the galvanic fluid to pass through colored.
liquors, and through other liquors saturated with
salt.  These experiments he repeated with
great assiduity, but could never observe the
smallest alteration in the ecolm, temperature,
evaporability, or crystallisation of the fluids in
question, on the chemieal combination of which
ia could not perceive any change to have been
vffected. It did not produce any sensible ef-
fect either on the electrometer, or on the inter-
mediate rings of the galvanic chain, s0 as to
indicate its strict analogy with the electric fluid.

ALVANISM.

43. In his investigation of the effects of a metal=
lic stimulus on the irritable and sensible fibre,
Humboldt was very solicitous to ascertain the de-
gree of irritability and incitability, which has as
powerful an influence on the success or failure of
the experiments, as the degree of force of the sti-
mulus itself. In experimenting, he therefore made
choice of the most incitable animals, and found
that the frogs best calculated for his purpose
were young and vigorous females, taken imme-
diately after their winter .slumber, and fed, to-
gether with other frogs, for some days in a warin
room. By the help of art he contrived 1o carrv
the incitability to a higher degree than is re-
marked in the natural state; end this disenvery
may be considered as one of the most important
that he made. By bathing the nerves of animals
with a solution of alkaline saits, or with the
oxylenated muriatie acid, he not only oltained
results which had not previously heen known;
but also noticed phenomena, the possibility of
which had been denied.

44. A short time after the appearance of Hum-
holdt’s great work, M. Pfafl published an in-
terestiug memoir on the subject. It cannot he
questioned,’ says this writer, ¢ but that vital che-
mistry, which appears to be the favorite object of
the meditations of the physiologists of the pre-
sent day, has been elucidated, as well as greatly
extended in its limits, by Humboldt’s experi-
ments on the excitability of the muscles and
nerves. The indefatigable zeal employed by that
writer, together with the sagacity and spirit of
observation of which he has given g0 many con-
spicuous proofs, in a multitude of researches on
physiology, must necessarily have led him to very
mteresting results.  The inferences, however,
which he draws from his experiments, as well as
the explanation he gives of the phenomena he
hbzi observed, are not invariably Anﬂd on a solid

8.

45. The very remarkable effects produced by
chemical substances on the sensible and irntable
fibre, are, according to M. Pfaff, susceptible of
an explanation different from the one adopted by
M. Humboldt. It is for this reason that the
former proposed another, which he thought more
just, and, at the same time, more coincident with
the different phenomena of galvanism. The
following are his reasonings on this head, to-
gether with the experiments on which they are
founded.

46. * A very important circumstance,” he oh-
serves, ¢ to which Humboldt did not pay atten-
tion, in his experiments relative to the influence
of chemical suhstances, as exciters of irritability,
is the effect of them as members of the galvanie
chain. Among these substances may be enu-
merated the different alkaline substances, acids
in general, the oxyzenated muriatic acid in par-
ticular, and liver of sulphur. I have examined
them, in the above point of view, in a series of
experiments, and have found several of them to
be as efficacious links of the chain, and as power-
ful exciters of galvanism, as metallic substance.
themselves.

47. “The table published by M. Humboldr,
of the intermediate links of the chain of his
boasted exciters and conductors of animal elea .
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tricity, should be entirely altered, if it be intended
to represent the scale of the conducting and ex-
citing forces of these substances, in whatever re-
lates to galvanism. Liver of sulphur, the alkaline
solutions, lime-water, and the oxygenated muri-
atic acid, ought to be ranked before all other
substances, metals and charcoal excepted, and
immediately after them. The blood also should
be considered as possessing a great degree of
ene I have convinced myself, by repeated
experiments, made attentively, and with the most
scrupulous exactitude, that alkaline solutions,
lime-water, the oxygenated muriatic acid, and,
more icularly, liver of sulphur, produce,
when brought into reciprocal action, effects

ually powerful with those of two heterogeneous
metals; and that, in all the cases in which the
recurrence of the contractions is ascribed to an
increase of irntability, produced by a chemical
action, it would be much better to ascribe this
effect to the irritating property of these sub-
stances, as they constitute a part of the galvanic
ehain.

48. ¢ They form, in a manner, a series of me-
tallic exciting arcs; and onght to be ranked
among those which have the greatest affinity
with metallic substances, that is, “with zinc and
lead. It is on this account that their effects are
s0 obvious, when they are combined with gold,
- silver, and metallic minerals. They are also very
efficacious in the reproduction of the contrac-
tions, when, instead of being applied in an im-
mediate way to the nerves, they are simply
made to correspond with them bz the means of
conductors. The blood aud the bile ought also
to be comprehended in the same class, although
their effect may not be equally powerful,

49, ¢TIt is well known that it suffices, for the
production of convulsive movements in o very
irritable frog, to employ a homogeneous metal,
for instance a silver dlischarger, by which a com-
munication is formed between the muscles and
the nerves. These convulsive movements are
principally produced by the metals denominated
noble ; but, more especially, by metallic minerals,
such as [;I}‘rit% and galena, or sulphuric ore of
lead. When I had formed a communication he-
tween the nerve and the pretl:arm] thigh of a frog,
by the means of a piece of pyrites, the convul-
sions were produced, and were more particularly
manifested when that substance touched the
blood-vessels helonging to the nerves.  When a
chain was established in the thigh, and the mine-
ral substance and nerve had ceased to produce
any effect, the convulsions were reproduced, al-
though feebly, by interposing in the chain a piece
of moistened sponge, which formed, ina manner,
a eoating to the nerves. These effects were not
usually, however, of any long duration. By
moistening, afterwards, the nerve with a drop of
blood taken from the frog subjected to the ex-
periments, or, what amounts to the same thing,
from any other, and afterwards wuching the
blood in gquestion with a metallic exciter of silver
ar copper, placed on the thigh, very powerful
convulsions were instantly produced.

50, * Here the susee I'Ih'l‘rlt}" of irmtation was
evidently augmented by the moistening of the
nerve with the bloosd, I was even so 1o such a
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degree, that a galvanic irritation of the feeblest
kind became very powerfully augmented, This
augmentation of the contractions was not, how-
ever, 1o be ascribed to an immediate influence of
the blood on the nerve, and on the irritability
seeing that the same phenomena were manifested,
precisely in the same way, when the blood, in-
stead of being immediately applied to the nerve,

“was simply laid on a bit of sponge, or on any

other conducting body, placed over it. The suc-
cess of the above experiments depended entirely
on the immediate contact of the blood; sinee,
whenever the nerve, or the sponge, was touched
at the parts distant from it, the effect did not en-
sue. To the presence of the hlood ought more
particularly to be ascribed the properties of ani-
mal sllhsl.:m[‘.ﬁ, considered as members of the
galvanie chain, ;

51. ¢ In this latter poinc of view, the heart of
the frog, still replete with blood, displayed very
singular effeets, at a time when the irritability
was extinguished to such a degree, that certain
heterogeneous metals, such as gold and silver,
or silver and copper, no_ longer produced any
effect when brought in contact. 1 was enabled
to reproduce very forcible contractions, by

lacing the heart of a frog on its nerve, and by

nrming & communication between it and the
thigh of the animal, by the means of a metallic
exciting are either of gold or silver. In this man-
ner I established a galvanic chain, in the compo-
sition of which one metallic exciter only was to
be found. In another Instanee, it was VEry Te-
markable, that the moment the heart was touched,
either by silver or hy E}'ritea, it remained {ran-
quil, notwithstanding the thigh of the animal was
in a convulsed state, the regularity of the system
of the pulsations not being in any degree inter-
rupted. Cther parts of the frog, for instance,
portions of its liver, its bowels, &e., which con-
tain a less proportion of blood, did not possess
an equal efficacy ; but the heart itself was sur-
passed by the blood presented in substance, amd
more particularly in a conerete state. 1t was sur--
prising to see the mode in which I could, by the
means of a drop of bloud, bestow on the nerve its
vital energy; and also to observe that this drop
of blood, without undergoing any sensible dimi-
nution or change, still continued to render the
same service,

52, ¢ Whatever may be the effect, however,
which the blood produces, it is still surpassed by
the alkalies, by the oxygenated muriatic acid, and,
mone ?a,rticul:-urly, by the liver of sulphur, when
metallic exciters the first clazs, that is; the
minerals and noble metals, together with the
other metallic substances, and the regulus of an-
timony, cease to produce any effect, in conjunc-
tion with the blood with which the nerve has
been moistened.  After having wiped it dry, and
substituted for the blood a single drop of the
deliquescent oil of tartar, very powerful convul-
sive. movements may he produced, by a recur-
rence to the above metallic exciling substances.
This galvanic chain, consisting of muscles, sil-
ver, pyrites, or rezulus of antimony, and of an
alkali and a nerve, is as efficacions as a chain
formed by museles, silver, iron, or tin, conjointly
with  nerve,  The deliquescent il of tartar



86

may be considered as an active coating of the
nerve. These phenomena present themselves
agreeably to the same identical laws by which the
metallic eoatings of the nerves are regulated. In
the above process, the deliquescent oil of tartar
possesses nearly the same activity, whether the
nerve, without being moistened in an immediate
way, 15 made to communicate with the muscles

by the means of any conducting body whatever, -

or is immediately touched by the metallic ex-
citer applied to the thigh of the animal, the ex-
citer in question being a bent silver probe.

53. Professor Pfaff' goes on to say that ¢ the
following experiments merit a particular notice.
I laid a portion of muscular flesh on the nerve of
a frog, on which two heterogeneous metals, silver
and copper, had ceased to produce any effect,
and having touched the nerve with a silver probe,
which was applied to the thigh, was not enabled
to produce any contractions. I now poured a
drop of the tfﬂ'liilueﬂ.'ent oil of tartar on the
museular Hesh, and, as soon as the silver probe
was brought in contact with this alkaline sub-
stance, very strong convulsive movements were
dis];k'la:fed. I laid another portion of muscular
flesh on the preceding one, and brought the ex-
citer towards it, but without being enabled to
I:-rnduce the contractions. Scarcely, however,

ad this latter portion of muscle heen moistened
and touched, as in the former instance, than they
were renewed. In this way I was enabled to
form several layers of a different nature ; and the
effect above pointed out took place as often as
the silver, or, what was still better, the pyrites
and the lus of antimony, came in wnmediate
contact with the alkali. The nerve having been
moistened with the deliquescent oil of tartar, a
very feeble galvanic irritation, produced either
by gold and silver, or by silver and copper, be-
came highly exalted, even when the convulsions
had not beén previously excited. It remains,
however, to be ascertained, whether, in this case,
the deliquescent oil of tartar did not act as the
most efficacionus coating of the nerve. It is in
this way that silver and copper produce fresh
contractions, when, after the nerve has been
coated with zing, and the thigh of the animal
haid on silver, a communication 15 formed be-
tween them by the means of copper. Insucha
case, indeed, the effect is not owing to the joint
operation of the copper and silver, but, on the
other hand, to that of the silver and zine, by
which the humid animal parts are immediately
coated. Would not an effect exactly similar be
produced, if the nerve were to be moistened
with the deliquescent oil of tartar? Does not
this alkali, in surrounding the nerve, become a
more efficacious eoating than the zine; and, on
the application of fechle exciters, such as cop-

r and siver, does not the zine itself act more

rfully by the means of an alkali, with which
it is simply connected by the copper, as an in-
termediate conductor ?

54. * These doubts are very far from heing
removed by M. Humboldt's experiments. Sup-
posing the deliquescent oil of tartar to act b
producing an augmentation of irritability, this
effect ought also to he produced when the nerve
has been carefully dried, before the application
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of a weaker galvanic irritation i3 made. This,
however, 15 what 1 have not* found in any of my
experiments. M. Humboldt constantly applied
his weakest exciters, whilst the ner-es were still
moistened with the deliguescent oil of tartar, or
with any other chemical substance caleulated to
augment the susceptibility of irritation. On
this head, let the different parts of lns work in
which he treats of the increase of this suscepti-
bility by the alkalies,be compared. He sets out
by saying: ‘I showed the galvanic flashes to
several persons who could not R&meive them
in the experimenis made by Mr. G. Hunter, by
rubbing their gums, on the upper jaw, with an
alkaline solution. Two pieces of gold, applied
to wounds on the back, were found to possess
great efficacy, when the wounds had been touch-
ed with the deliquescent oil of tartar.” A little
farther he observes: ¢ When the primiﬁml
trunks of the nerves of an organ are carefull
gmpﬂ.red, and enveloped in moist bits of blad-
er, in such a way as that the irritating humidit
simply moistens the muscular flesh, and the fow
fine nervous filaments it contains, an increase of
irritahility is rarely to be observed, at the same
time that it is constantly produced, when the
above principal trunks are moistened beneath
the muscles.! Again, he says in the following
];]age: ¢ The vital principle will be restored in
the thighs of f exhausted by galvanic ex-
periments, by the means of the oxygenated
muriatic acid, in such a way as that the trrifation
of metals will again produce its effect. It is re-
markable, that the confractions become more
powerful, when a great portion of the nerve is
moistened, and touched directly by the silver.
Such are the extracts 1 have chosen to cite
from Humboldts work. Now, let it be ob-
served, that, in all the above cases, and more
Eaniculnrly in the experiments relative to the in-
uence of chemical substances on the irritability
of the animal fibre, the nerves were constantly
moistencd by these substances. They must con-
sequently, whenever the metals were applied,
operate likewise as links, or members, of-the
galvanic chain. The consequences must there-
fore be uncertain at the least, '
55. ¢ I could not observe any remarkable dif-
ferenee in the alkalies, considered as links of the
galvanic chain. The deliquescent oil of tartar
appeared, however, to he somewhat more effica-
cious than the other substances of this nature.

The effects of lime-water were not so powerful :

it appeared, as it were, to ‘preserve a medinm
between the alkalies and the substances to which
an inferior rank is assigned. The oxygenated
muriatic acid appeared to be Frr:ltjr nearly as ac-
tive as the deliquescent oil of tartar. In a fow
cases only the latter fluid produced spasmodic
contractions of a longer duration. [ observed
likewize, im several instances in which I em-
ployed the oxygenated muriatic acid, a phenome-
non which the metallie coatings of the nerves had
often displayed, namely, that the contractions
were manifested at no other time than when the
contact of the nerve, moistened with a drop of
the oxyzenated muriatic acid, ceased. Hoere,
likewise, the effects seemed to depend entirely
on the immediate presence and applicaticn of
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the oxygenated muriatic acid.  As soon asa drop

of this liquid is poured on a portion of museular
flesh, laid on the nerve, the movements are in-
variably reproduced.” .

a6. Having entered into this detail of the ob-
Jjections of M. Pfaff to the theory of Humboldt,
we may now procced to the analysis of a very
curious memoir, read by M. Lehot at the Frenel
National Institute. Its object is to demonsirate
particularly, not only the circulation of a very
subtile fluid in the galvanie chain, but likewise
that, in the application of the different chains 1o
the animal arcs, there are unequivocal signs of
the direction of the motion of that fluid, inso-
much that it is possible to determine a priori, in
a considerable number of different chains, the
direction of the current. Being acquainted
with this direction, as well as with the nature
of ‘the different parts of the chain, the author
of the memeir in question observes, that it is
reciprocally possible, in certain cases at least,
to determine their respective position ; and also,
by the interposition of new substances in the
chain, or by a change in the disposition of the
parts of which it is composed, to give a par-
ticular direction to the galvanie fluid, and even
to bring it into a state of repose.

57. The comprebension of these phenomena is
connected with a fact which seemed to have
escaped the notice of the different physiologists,
namely, that the galvanie fluid is accumulated in
the from the organs to the coatings. By
a due attention to this fact, the nature of the me-
tallic substances may likewise be distinguished
at the distance of several yards. The galvanic
influence will be sufficient to determine this.
The following are the principal results of the in-
teresting experiments made by M. Lehot.

58, Experiment L.—If the thigh of a frog re-
cently prepared beheld in one of the lands, and
the nerve be brought in contact with a piece of
zine, the extremity of which is immersed in

. mercury, the moment the fingers of the other
hand are dim:ad in that fluid powerful contrac-
tions will manifested in the thigh of the
ahimal. The same result will be obtained as
often as one of the following substances, namely
zing, lead, tin, mercury, bismuth, copper, silver,
or plumbago, is employed as a coating to the
fingers; one of those by which it is preceded,
in the foregoing series, asa coating to the nerve.
With respect to the precaution of moistening
the fingers, it is absolutely indispensable; for
which reason, whenever they are described as
terminating one of the extremities of the are, they
are to be constantly supposed to be in a humid
atate.

59. Experiment [T.—If, on the other hand, the
nerve be brought in contact with the mercury,
and if that metal be ouched with a piece of zinc,
held in the moistened hand, either the contrac-
tions will not, be produced, or they will be ex-
tremely feeble, provided there still be a certain
share of susceptibility in the part. By separat-
ing, however, the nerve from the mercury, or, in
general, by breaking the chain 4t any given point
whatever, the contractile movements will take
place. The same results will be obtained, as
ofien as ome of the metals belonging to the se-
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ries pointed out in the preceding experiment, is
employed as a coating to the fingers ; and one of
those by which it is followed in that series, as g
coating to the nerve.  Thus, il the nerve be
cuated with lead, and the fingers with zine, there -
will mot be any contraction when these two me-
tals are brought in contact; but, if the chain be
destroyed at any given point, the contractions
will be manifested. If, on the other hand,
the nerve being stll coated with lead, the fin-
gers be coated with -silver, when the chuain
is formed, the galvanic contractions will take
place.

60, Experiment IIL—IF a flat surface of zine
be laid on the tongue, and touched with a piece
of silver, held between the moistened fingers, a
particular savor will instantly be perceived.
Much has been said on the subject of this phe-
nomenon, but it has been nowhere noticed, that
it likewise takes place whenever the tongue is
coated with any one of the metallic substances
pointed out in the first experiment, and the fin-
gers with one of those by which it is followed in
the servies. If, however, afier the chain has been
formed, # be interrupted, the savor will be no
longer manifest.

61, Experiment [V.—If a piece of silver be
laid on the tongue, and a portion of zine be held
between the moistened fingers, as soon as the
latter is brought in contact with the silver, there
will not be any distinguishable sensation, or, at
the least, it will be very slight. As often, however,
as the chain is interrupted in any given point
whatever, the savor will be perceptible. It will
not in this case be so strong as in the preceding
experiment, and will be more slowly communi-

62, The same result will be obtained, as often
as one of the metals pointed out in the first ex-
periment is employed as a coating to the tongue,
and one of those by which it is preceded in the
list, as a coating to the fingers.  Thus, by coat-
ing the tongue with lead, and the fingers with
zine, and by bringing the two metals in contact,
the savor will not ensue; but, by interrupting
the chain at any given point, it will be very per-
ceptible.  On the contrary, if, the tongue being
still coated with the lead, the fingers be coated
with silver, instead of zinc, and the chain
established, the sensation will be instantly per-
ceived.

63. Experiment V.—If the t!!igh of a frog be
laid on a plate of silver, and the nerve on a
surface of zine or lead, the moment the coatings
are brought in contact, powerful contractions
will be produced. The same thing will happen
whenever the coating of the nerve is e to
consist of a metal selected from among those
which are pointed out in the first experiment ;
and that of the muscle, of another metal follow-
ing it in the series. °

64. Experiment VI.—If the muscle be armed
with zinc, and the nerve with silver, the contrac-
tons will net ensue until the moment the chain
is interrupted. 'When portions of copper, iron,
bismuth, and lead are substituted for the silver,
the same resulis are obiained.

65. In the first, third, and fifth, of the preced-
ing experiments, it must have been observed, tha*
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the phenomena were manifested the moment the
galvanie circle was formed. The fluid contained
in the part of the chain was put in motion, and
‘penetrated instantly either to the tongue or to
the nerve. By reversing the chdin, a contrary
direction must have been given to the current,
seeing that the phenomenawhich were manifested
in the second, fourth, and sixth experiments,
that is, those in which the galvanic influence was
not percepiible until the instant when the chain
was interrupled, were to be ascribed to a portion
of the fluid, accumulated either in the tongue or
in the nerves, at the points of contact of these
organs with their coatings. Now, to the end that
the fluid should have been thus accumulated, it
was necessary that it should have penetrated the
above organs in the direction of the muscle to-
wards the nerves, or of the fingers towards the
tongue. It is thus demonstrated, that the accu-
mulation of the fluid is a sure characteristic of
the direction of the current, by the help of which
it may in all cases be determined.

66. In conformity to the experiments which
have been detailed above, and to the galvanic
facts previously known and established, it would
appear that the following prineiples may be laid
down, :

67. (1.) That all exciting substances contain the
galvanic fluid; but that its quantity is very con-
siderable in humid substances, and in the o
of animals, which have a very small capacity for
that fluid, when compared with metallic sub-
stances,

6. (2.) That, when two exciting substances are
brought together, a new distribution of the gal-
vanie fluid takes place; the substance which has
the least capacity Tnsiug a portion of the fluid, on
which the other substanee seizes. Metallic and
carbonated substances, disposed in the following
order,—zine, lead, tin, mercury, bismuth, cop-
per, silver, and plumbago, act in such a manner
as that any one of them, when brought in con-
tact with one of those by which it is followed,
seizes on a portion of the fluid the laiter con-
tains.

69. (3.) When™ the galvanic fluid penetrates
the tongue, in directing itself from its extremity
towards its root, it causes in the latter parta
particular savor, which is more or less strong,
according to the greater or less quantity of the
fluid, and to the susceptibility of the organ. DBut
when its direction is such, that it tends to How
out of the animal arc by the tongue, it occasions
a much weaker savor, which differs from the
former in proportion as the quantity of the fluid

ut in motion is less.  As the fluid, however,

nds some difficulty in quitting the tongue, it
partly accumulates in that organ; and when the
cause that has given rise to this accumulation
ceases, then the fluid, i returning towards the
root of the tongue, occasions there the galvanic
gAVOr in question.

70. (4.) When the galvanic fluid, distributed
by the nerves, penetrates mto the muzcular sub-
stance of the organs of living animals, recently
separated from the animals themselves, con-
tractions are produced in the parts it permeates.
The :m!:eepli[:ilit}' being exalted, if the fluid in-
herent in the organ should, from any cause
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whatever, be unequally distributed, and aceumu-
lated at the particular points, muscular move-
ments will ensue.  But if the susceptibility is
weakened, the contractions can no longer take
place, unless by the aid of a fluid extraneous to
the organ.

T1. At the earliest stage of the diminution of
the susceptibility of the organs, the contractions
are displayed, whatever may he the direction of
the fluid by which they are permeated. But
when the susceptibility is weakened still more,,
the direction of the current ceases to be indiffer-
ent.  When the fluid is directed in such a way
as to pass from the nervous ramifications to the
nerves themselves, the contractile movements are
much weaker than when it receives a contrary
direction; and in the former case a portion of
the fluid becomes accumulated at the point
where it has a tendency to flow out from the
nerve.  This accumulation, and this difference
in the effect of the current, by which the organ
is penetrated in one direction or in another, are
greater in proportion as the susceptibility is less,
and as the quantity of the fluid put in motion
is smaller. Thus, when the susceptibility is
greatly enfeebled, notwithstanding the contrac-
tions may ensue, when the fluid penetrates into
the organs, in the direction leading from the
nerve to the muscle, they cease altogether when
it permeates them in a contrary direction, it
heing then almost completely accumulated in the
organ. The cause which has given rise to this
accumulation having ceased, the fluid returns
into its accustomed channel, and, having pene-
trated the organs in the most favorable direction,
oceagions in them the museular movements.

72. (5.) If a communication he established
between two poinks of an animal organ, with the
help of a chain composed of different substances,
disposed in sueh o wey as that it may oot be
symmetrical, relatively to the nature of the parts
of which it is composed, the fluid, being une-
qually solicited on the one hand and on the .
other, puts itself in motion, ‘and forms a current
directed towards the preponderating force,

73. (6.)If all the parts of the chain, by which
a communication is established between two
points of a system of organs either nervous or
muscular, be reversed, a current will be pro-
duced having a contrary direction to the former.

74. (7.) When the chain is symmetrical, rela-
tively to the nature of the parts of which it is
composed, the fluid, being equally solicited on
all sides, will forbear to display any movement.

75.(8.) and lastly. When a chain, which is
calenlated by its nature to give motion to the
galvanic fluid, is destroyed, that is, when an in-
sulating body is interposed, the fluid, which had
been accumulated in the organ by the formation
of the chain, returns to its original situation, and
a current is formed into a contrary direction to
the first.

76. These principles, which form the basis of
M. Lehot's: theory of galvanism, are likewise
confirmed by the following experiments :—

77. If the thigh of a frog be held in one of the
hands, and the nerve coated with zine, at the
same time that the person who makes the expe-
riment has his tongue armed with silver, the
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thigh of the frog will contract as soou as the two
metals are brought in contaet ; but the experi-
menter will not be sensible of any savor, or of a
very siight one at the most. By interrupting,
however, the chain, he will perceive a very dis-
tinct savor, and the thigh of the frog will ceasé
to contract. If, on the other hand, he coats his
tongue with zine, and the nerve with silver, the
peculiar taste will he manifested at the moment
of the contact ; and the thigh, provided its incita-
bility has been weakened, will preserve a state
of perfect immobility.

© 78. By the interruption of the chain, the mus-
cular movements will be again apparemt, with-
out any manifestation of the galvanic taste. It
will appear that this ought necessarily to happen,
when 1t is considered that, as soon as the chain
is formed, the current of the fluid takes a direction
from the silver to the zine, and, having pene-
trated in a direct and immediate way into the
nerve, produces contractions in the muscle, at
the same time that it crosses the body of the per-
son by whom the experiment is made, and aceu-
mulates on his tongue, without his being sensible
of any particular savor. When, however, the
chain is interrupted, the accumulated fluid re-
turns to the parts it had quitted, and the savor
on the tongue becomes manifest. If the tongue
he coated with zine, and the nerve with silver,
the current being impelled in a contrary direc-
tion, the phenomena which take place are dia-
metrieally opposite.

70. If two persons, holding each other b
the hand, arm the tongue, one of them wi
zine, and the other with silver, as soon as they
bring the two metallic substances in contact, the
one who has the tongue coated with zinc is sen-
sible of the savor ; but this does not happen to
the other. If they afterwards separate the zine
from the silver, the one wha felt the savor at the
time when the chain was formed, will cease to
be sensible of it on its being thus interrupted ;
at the same time that it will be rendered mani-

fest on the tongue of the other.

" 80. Finally, the animal arc may be terminated
2%! two nerves, Thus, by placing the two thighs

a frog on a plate of glass, and establishing a
communication between their muscles, by the
help of a flat piece of metal, coating, at the same
time, the nerve of one of them with zinc, and
the other with silver; the thigh which is armed
with zine will contract the moment a comnuni-
cation is established between the two coatings,
by the means of a rod of zinc or silver; the inci-
tability of the other thigh having been weakened,
~ the limb will remain motionless. By interrupting
- the chain, however, the muscular movements
will be displayed in the latter, and the former
will resume a state of repose.

81. The same disposition being made as in
the second experiment, and the chain established,
if a given point of the muscle be brought in con-
tact with the mercury, without deranging the
contact of the nerve ; or if a communication be
established between the muscle and the mercury,
or between the muscle and the zine, by the
. means of a metallic substance, the muscular
movemenis will be instantly manifested.  These
nhenomena are occasioned by the fluid accumu-
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lated at the point of comtact between the nerve
and its coating, which fluid returns into the mus-
cle, and there gives rise w the " contractions.
This 13 shewn in the following manner :—If,
while the communicating metallic substance still
touches the muscle and the mercury, or the mus-
cle and the zine, the latter be detached from the
mercury, the contractions will not ensue, as
would have ]mPll:E'“"‘] if the fAluid accumulated
b}l' the original chain, at the point of contact of
the nerve and its coating, had remained there.

82. If the thigh of a frog, prepared in the
customary manner, be held in one of the hands,
and the nerves, as well as a few points of the
muscle, be brought in contact with the mercury,
the moment that fluid is touched by a bar of
zing, held in the other hand, previously mois-
tened, violent contractions will be produced in
the limb of the animal. This experiment conse-
quently presents phenomena entirely different
from those which were the result of the second
experiment. The fluid, instead of having been
accumulated in the nerve, appears to have flowed
out by the muscle, and to have there occasioned
the contractions. Such a degree of incitability
may be induced, that the contractions may be
altogether subdued by the double contact of the
nerve and the muscle, as well in forming as in
interrupting the chain.

83. If the same disposition having been made
as in the sixth experiment, not only the nerve,
but likewise the muscle, be made to touch the
piece of silver, leaving it, however, in constant
contact with the zine, violent contractions will
be manifested as soon as a communication is
established between the zinc and the silver, by
the means of a condueting substance. By sub-
stituting for the silver either copper, plumbago,
or lead, the same phenomenon will be obtained.

84. The current which is formed in a chain
composed of three metallic substanees, is con-
stantly directed towards the extreme metal sta-
tioned in front of the metal at the other extremity
of the chain. The direction of the current can-
not therefore depend, in any degree, on the metal
by which the middle space is occupied.

85. In the chain composed of metallic and
humid substances, where there are only two or
three heterogeneous metals in immediate contact,
the current is directed in the same way as it
would be if these metals were to be regarded as
independent of the rest of the chain.

86. Having placed a thin plate of zinc at the
bottom of a vessel filled with water, and brought
the tongue in contact with the extremity of a bar
of tin, the other extremity of which is made to
touch the plate of zine; if another bar of the
same metal, of the same dimensions with the
preceding one, be held in one of the hands, and
its extremity plunged in the water, there will
not he any perceptible savor. In reality, the
current is, in this instance, directed in such a
way as to pass through the fingers, crossing the
body of the person by whom the experiment is
made, to accumulate itself on the tongue. But
as soon as the second bar of tin is plunged more
deéply in the water, 5o as to touch the zine, the
savor becomes pereeptible.  This phenomenon,
which had not hitherto been noticed, is, according
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to M. Lehot, a natural result of the prineiples
he has laid down. By bringing, he observes, the
second bar of tin in contact with the zine, a
symmetrical chain is formed, of such a nature,
:ﬂ{m the fluid it contains must necessarily be in
equilibrio. Consequently, the quantity of the
fluid which had been accumulated: in the pre-
ceding disposition, must, unavoidably, have been
dispersed, and . have oceasioned the sensation or
flavor which was noticed. On detaching the bar
of tin from the plate of zine, without taking it
out of the water, the sensation ceases 1o be per-
ceptible, on this account, that a current is formed
which is directed in such a way as to penetrate
the fingers. If the bar of tin be withdrawn from
the water, the flavor will be perceptible, in con-
sequence of the dispersion of the accumulated
flmd.

B7. Thus, to render a chain symmetrical, or
to destroy it by the interposition of an insulating
substance, will have the same effect relatively to
the motion of the galvanic finid. By the expla-
nation which has just been - given, it seems evi-
dent that if, after rendering stationary the bar
which touches the tongue, and the one which is
held in the hand moveable, the operation be per-
formed inversely, the savor will be felt in con-
trary circumstances ; sceing that the current will,
in every such case, take an nfp};.ﬂsite direetion.

88, When the extremity of the moveable bar
is plunged in water, the one which is held in the
moistened hand being fixed, and in contact with
the plate of zine at the bottom of the vessel, the
sensation is perceptible on the tongue. But if
the former be plunged still deeper, so as to he
brought to touch the zine, the savor will be no
longer manifested. On detaching it from the
}}Eaife of zine, without, however, withdrawing it
rom the water, the sensation is again produced ;
but ceases as soon as the bar is taken out of the
water.

89, If the extremity of each of the two bars of
tin be laid on a particular point of the tengue, the
savor will be felt at the extremity of the moveable
bar, the moment its other extremity is plunged
in the water, that of the fixed bar being in contact
with the plate of zine. Secondly, by plunging
the moveable bar still more deeply in the water,
and bringing it in contact with the plate of zine,
the savor will he felt at the point nF the tongue
where it is touched by the other bar. Thirdly,
the instant either of the bars is separated from
the plate of zinc, without being, however, taken
out of the water, the galvanic savor will be dis-
tinguishable at its point. Lastly, the one which
was stationary in first instance, still continu-
ing =0, if the moveable one be taken out of the
water, the savor will be felt at the extremity of
the former.

90. From the principles which have just been
laid down, it is not difficult to conclude that, if
a metal, taken from the given series, be employed
as a bar, and one of those by which it is followed
in that series as a communicator plunged in
water, the phenomena which take place in the

receding experiments will be entirely changed.
E'unﬂequently, the cases in which, in the first and
second of the above experiments, the sensation
was manifested, are precisely those in which there
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should not be any sensation, under the circum-
stances above stated, and viee versa. It also fol-
lows that, in the third experiment, the cases in
which the savor was perceptible at the extremity
of the moveable bar, are those in which, under
these circumstances, it should be felt at the ex-
tremity of the fixed bar, and vice versa; the
‘current then invariably taking a contrary direc-
tion.

91. Having placed the nerves of the thigh of
a frog on a plate of tin, terminated by a small
cavity filled with water, and the muscles on ano-
ther plate of tin exactly similar, if one of the ex-
tremities of an are of zinc be brought in contact
with the bottom of the cavity formed in the coat-
ing of the nerve, and if the other extremity of the
arc be immersed in the water contained in the
cavity of the coating of the muscle, the suscep-
tibility of the organs will be fouud to be such,
that the contractions will not ensue. By plung-
ing the eommunicator, however, still more deep
in the water, in such a way as that it may touch
the bottom of the latter of the above cavities, the
contractions will be instantly manifested in the
amimal are.  Having afterwards detached the are
of zine from the bottom of the cavity of the coat-
ing of the nerve, without, however, withdrawing
it from the water, the organ becomes motionless ;
lut, as soon as the arc ceases to be immersed in
the water, it being, at the same time, still in con=
tact at its other extremity, the contrmetions are
again produced. This experiment was frequently

eated by our author, and was constant]
attended by the same result. In the latter
instance, however, the contractions were invaria-
bly weaker than in the former,

02, If the are of zine be brought in contact
with the coating of the musele, at the same time
that its other extremity is plunged in the cavity
of the coating of the nerve, the thigh of the frog
will be forcibly contracted. By immersing it
still deeper, so as that it may reach the bottom
of the cavity, the contractions will cease. In
detaching it, the muscular movements are usunllr
perceptible ; but there are oeccasions in which ~
the organs remain motionless.

83. The same resuits will be obtained as often
as a more oxydizable metal is employed, to estab-
lish a communication betwean two homogeneons
coatings, formed of a weaker metal.  If coatings
of a metallic substance, possessing a greater
capacity, be employed in conjunction with a
communicator or arc, which has a less capacity,
the effects which will be produced will be diame-
trically opposite.

94. The experiments which have been thus
detailed, lead to a very singular result, namely,
that one metal may be distinguished from another
without being either directly seen or felt. In
reality, by composing a chain in such a way as
that it may be terminated by one of the metals
described above, a eurrent {Eing formed which
takes a particular direction, totally different
from the one which it takes when the chain is
terminated by another metal, it is easy to recog-
nise any one given metallic substance. In this
way M. Lehot was enabled to distinguish a por-
tion of zinc from a piece of silver, at the extre-
mity of metallic threads several vards in- length.
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95 About this period professor Volta took up
the subject, and philosophy has to rejoice that
his mode of theorizing, although not strictly
true, has contributed principally to its rapid
advancement. He set out with the idea, con-
trary to Galvani, that the electricity in question
did not belong to the animal, but to the different
metals employed. Galvani, therefore, was un-
likely to produce any greater efiect than what
pieces of metal could effect, because he
believed the electricity to be in the animal.
Volta was led to the discovery of the battery
by combining a number of pieces of metal to-
gether, because he was persuaded that the elee-
tricity was in the metals and fluids employed.

96. He repeated the experiments of Galvani,
and found that when two pieces of metals of
different kinds were placed in different parts
of an animal at the same time that the metals
were brought in contact, or were connected by
a metallic are, as often as the comtact was made,
convulsions were observed. He found that the
greatest effect was produced when the metals
were zine and silver. When several pairs of
metals were employed, having pieces of moist
cloth between them, the effect appeared to in-
crease as the number of pairs,

97. This important discovery of accumulating
the effects of this species of electricity was made
by Volta, in 1800, and thence has been denomi-
nated the Voitaic pile. The apparatus, as first
made by Volta, consisted of a certain number of
pairs l}g zine and silver plates, separated from
each other by pieces of wet cloth. Ience the
arrangement was as follows: zine, silver, wet
cloth ; zine, silver, wet cloth, and so on. The
silver plates were chiefly silver coins, the plates
of zinc and the pieces of cloth being of the
same size, e found this pile much more
powerful when the pieces of cloth were mois-
tened with a solution of common salt instead
of pure water. A pile, consisting of forty
pairs of plates, he found to possess the power
of giving a very sharp shock, similar to that
of a small electric jar; and that this effect
took place as often as a communication was
made between each end of the pile, and as long
as the pieces of cloth remained moist.

08. An account of this discovery
municated to the Royal Society, and published
in the Philosophical 2Il‘ﬁmsaav.tzl.iolr-s. e do not
find that this celebrated philosopher made any
considerable discoveries after the invention of
the pile.

99. The galvanic pile invented by M. Zam-
boni, and which he has called a binary pile, is
composed only of two elements, namely, a metal
and a fluid. e metallic elements of the pile
are twenty-nine small squares of tin-foil, about
half an inch long on each side, and terminated
by a very fine tail, from two to three inches in
length ; and the fluid element is distilled water,

laced in thirty watch glasses, arranged circu-
E;,rl}r on a table. The water in every two ad-
joining glasses is connected with one of the ele-
ments of tin, by placing the square portion of
the tin in one glass, and the tail in the adjoining
one in such a manner that the square portion is
wholly immersed, while the tail merely touches
the luid. When the metallic elements are all
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arranged in a similar manner, and when the tirst
and last glasses communicate only by means of
all the intermediate ones, it will be found by
making a communication between the first glass
and the ground, and between the last and a good
condenser, that the pile has two poles, one vitre-
ous and the other resinous, the former corres-
ponding to the small squares, and the latter to
the long tails.

100. If the pile is construeted with elongated
rectangular pieces of tin, no electricity is deve-
loped when the two extremities of the rectangles
are equally immersed in the distilled water of
the watch glasses; but, whenever they are im-
mersed unequally, the electricity exhibits itself at
the poles, as in the construction already de-
scribed ; the vitreous pole always corresponding
to the larrer surfuce immersed, and the resinous
one to the smaller surface, so that the same pole
may be rendered alternately vitreous and resin-
ous, by immersing more or less of the nearest ends
of the rectangles of tin.

101. When elements of zine or copper are sub-
stituted in place of the tin, the same effects are
produced ; but no indications of electricity are
obtained from oxide of manganese.

102. A pile constructed in the preceding man-
ner does not charge the condenser instantane-
ously. The electricity does not appear till about
the end of half & minute, and often fmuger, and it
then gradually increases. This effect might be
ascribed to oxidation, as the pile would then
have three elements ; but at the end of several
days the development of electricity was as power-
ful as at the moment when the apparatus was
arranged, although not the slightest trace of oxid-
ation eould he perceived. When zinc was sul-
stituted for tin, the electricity diminished as the
oxidation increased ; it then disappeared and
afterwards reappeared, with an opposite charac-
ter. Henceit would appear that the development
of eleetricity in the binary pile is not owing to
the oxidation of the metal.

103, A pile constructed with ten discs of tin-
ned paper, without any other substance, pro-
duced, in about half a minute, a deviation of a
third of an inch in Bennet's electrometer, fur-
nished with a condenser. The tinned face pos-
sesaed ?ilmuus, and the paper face rilﬁin:)us,
electricity. This effect invariably increased with
the number of the dises.

104. Another pile of discs of tinned paper,
having the per face covered with a film of
honey, in oriﬂnrm keep up a constant hundity, -
likewise gave signs of electricity, but it required
from forty to fifty dises to produce the same de-
gree of electricity as the preceding pile of ten
discs of tinned paper; and the elect-icity was
besides of an opposite character, the howey being
vitreously, and the tin resinously, e}enlriﬁag. On
the following day the electricity had rapidly di-
minished, and at last it completely disappeared,
the paper having been penetrated throughout
with the honey, and the tin being equally in con-
tact by its two surfnces with the latter substance.

105. A pile of discs of tinned paper, in which
all the dises had been glued together, gave no
electrical indications, because the metal was
Equall:,r in contact with the paper at each of its

aces,
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106. When a binary pile, like any of the pre-
ceding, has become inactive, its energy may be
restored, by simply raising the discs, which, by
the action of the air, will dirmnish the influence
of humidity upon one of the faces of each disc.
The binary piles, indeed, do not produce any effect,
unless the touching surfaces of the metallic and
the fAuid element are unegual.

107. The energy of the binary piles is much
influenced by the conducting power of the fluid
which forms the humid element. A few drops of
a solution of sal ammoniac added to the distilled
water, augments a little the electricity of the
pile; but if we continue to add more, a diminu-
tion of action takes place, and at last the energy
of the pile is destroyed. Ilence it follows, that
the humid element must be an imperfect con-
ductor.

108. Mr. Singer, in his first experiments, cuta
number of thin slips of sheet copper, and hent them

_imto the form of the letter U, so as to form a series
of simple springs. He then introduced both
legs of one of these springs into each cell of a
Voltaic battery, so that it pressed forcibly against
the copper surface on one side of the cell, and the
zine surface on the other. Having, in this manner,
made a regular metallic communication hetween
every pair of plates in a battery containing fifty
of three inches square, Mr. Singer filled the cells
with a diluted acid, and found that, notwith-
standing the total absence of insulation, water
was decomposed with great rapidity, a vivid spark
preduced hy charcoal points, and gunpowder in-
flamed ; and, on applying the condenser, a charge
was communicated which occasioned the gold
leaves of the electrometer to strike the sides of
the glass,

109. This phenomenon appears the more ex-
traordinary at first view, becanse it is well known
that, if the plates are all connected together by a
thin wire, the effect is almost totally destroyed ;
but in such case, the opposite copper and zinc
surfaces of each pair aofpplnles are made to comn-
municate with each other, and consequently their
electricities cirenlate individually, instead of be-
ing propelled forward from one cell to the other.
But, in the arrangement above described, the me-
tallic springs are in contact with the zine sur-
face of one pair of plates, and the copper surface
of another ; there is consequently no commmunica-
tion hetween the opposite surfaces of any indi-
vidual pair, but what arises from the association
of the copper and zine; and, as their mutual
contact produces a motion of the electric fluid
from the copper to the zine, it cannot rate
as a conductor in the contrary direction. The
efiect is therefore l}rﬂ{ diminished in proportion
as the copper spring, by placing part of the zine
plate between two copper surfaces, diminishes its
electro-motive energy.  This experiment appears
a satisfactory ;'mrmf of the electro-motive power
produced by the associatio— of the metals, and of
s tendency to produce :  wrrent of electricity
from one ex'temi ; of the .attery tothe other,
and conserquently a circulation of electric fluid
when the opposite extremities are connected : italso
proves that the electro-motive power is influenced
by the nature of the substance mterposed between
the different pairs of metals, and thus accounts
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in some measure for the different effect produced
by different fluids. This last circumstance is an
interesting subject of enquiry ; some instructive
facts respecting it ]I&?E'h‘EEﬂ'liEta“Hd by professor
Berzelius, in an account of an ingenious experi-
ment made to prove that oxidation is not the
cause . of the electricity of the Voltaic ap];a-
ratus, The following is extracted from his
description. ¢ I took twelve tubes of glass, half
an inch diameter and three inches in height, and
closed at one end., I half filled them with a
strong solution of submuriate of lime (such as is
omained from the residue after the preparation
of caustic ammonia), and above this fluid I
poured diluted nitric acid, with the precaution
not to mix the liquids. 1 arranged these tubes
in suceession, and then took copper wires, round
one of the extremities of each of which I had
melted zine, in order to attach a knob of that
metal to that end. T immersed the zine-coated
ends of each into one of the tubes to the bottom
of the submuriate, and then bent the upper
ends of the respective wires so as to immerse
them in the middile of the acid of each nearest
tube. This arrangment consequently formed a
series in the order following : copper, zinc, sub-
muriate of lime, nitric acid ; copper, zing, &ec. It
is evident that the chemical affinity which produces
oxidation at the commaon temperature, was here at
the surface of that part of the copper which was in
contact with the nitric acid; and that, if this
oxidation had been the primary cause of the
electrieity of the apparatus, the pole of copper
in this construction, ought to have possessed the
same electricity (namely, the positive) as the zinc
pole in the common pile. Before the extremi-
ties of this small apparatus were connected, the
copper continued to be constantly dissolved in
the acid, which it turned blue, and the surface
of the zine remained metallie and without any
perceptible change. And lastly, 1 combined the
poles, by means of silver wires, inte a
tube filled with a selution of muriate of soda,
But I was greatly surprised to find the effect
directly contrary to what the theory, which con-
siders oxidation as the cause of the electricity of
the pile, had led me to expect. The solution
of the copper instantly ceased, and the zinc be-
came covered with a mass of white oxide, vege-
tating on all sides in the form of wool. The
pole of the copper produced hydrogen gas as
usual, and the zine pole caused an abundant
precipitate of muriate of silver. The electric
state, therefore, produced in this case an affinity,
which at the ordinary temperature of the atmos-
phere iz inactive, and caused another very active
affinity to cease, which was already in operation;
and this could be effected by no other canse
than that of the electricity produced by coutact,
which occasions the electric charge of the pile,
amd disposes the affinitics which shall be put
into activity. This little apparatus was very
powerful, and disengaged so large a q&.lantity
of gas, as would not have been exceeded by
100 pairs of plates. But what could be the
cause of this! I exchanged the submuriate fou
neutral muriate ; it then produced a very mode-
rate effect, corresponding with the number of
pairs ; and, lastly, I substituted nestral muriale
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of zine instead of the muriate of lime, and then
the effect was scarcely perceptible, though it
continued sufficient to prevent the oxidation of
the cﬂpgm' in the nitric acid, and to show that
the conductor of the zine pole continued always
to be oxidized.” This experiment dcmtrnstra.gss
the influence of the interposed fluid on the che-
mical effects of the apparatus, which may pro-
bably arise from its action on the electro-motive
'imwer produced by the association of the metals.

t indicates also, that the chemical aetion of the
battery is never exerted but when the electric fluid
circulates from one extremity to the other; and
corresponds in this respect with an experiment
by Sir H. Davy, in which forty compound arcs of
zine and gilver were arranged in the usual order,
in a series of plasses, filled with a solution of
muriate of ammonia rendered slightly acid by
muriatic acid ; whilst the extreme pacts remained
unconnected, no gas was disengaged from the
silver, and the zine was searcely acted upon;
but when they were connected all the zinc wires
were dissolved more rapidly, and hydrogen was
disengaged from every silver wire, In simple
Voltaic combinations, it appears essential to the
production of chemical effects, that the e be a
trapsition of the elements of the interposed
fluid ; and, as this may be presumed to take
place also in each cell of a battery, it is pa-rlmzlm
one cause of the superior action of those fluids
which are maost ily suseeptible of decompo-
sition. When for instance a compound are of
zine and platina is placed with the platina leg in
a solution of silver, and the zine leg in dilute
muriatic acid, no precipitation of silver takes
glm:e unless the glasses are connected by some

uid medium, or by a metal which is soluble in
the acid of the solution of silver. With ares of
Elﬂt'ma., or gold, therefore, no effect is produced ;

ut, with any other metal, a portion of the silver
Or COpper ug the solution is revived, and a cor-
responding portion of the simple connecting arc
15 dissolved, and occupies the place of the re-
vived metal in the solution. Hence the corro-
sion of the zine plates in the Voltaic hattery, and
the liberation of Eydmgen at the copper surfaces,
From the phenomena hitherto described, it ap-
pears that the vprimn:g,- source of the electric
power of the Voltaic apparatus may be consi-
dered to be the association of the metals of which
it is composed ; but the chemical effects, though
probably arising from the same cause, are ob-
viously influenced by the nature and action of
the interposed fluid. The relation of the various
parts of a Voltaic apparatus (as usually con-
structed), to the various effects it produces, have
heen developed by the masterly experiments of
M. De Lue. The ordinary apparatus consists
of three constituent parts, namely, two metals
und a fluid, being usually, whenarranged ina pile,
mg)p-erursllver, zinc,and wetcloth, following each
other in successive groups. Now, if these he
regarded attentively, without any regard to
Volta's theory, they may be considered as
divided into ternary groups under three dif-
ferent aspects. 1. Zinc and silver, with wet
cloth between them. 2. Xine and silver in
mutual contact, with wet cloth on the side of the
zine. 3. Zine and silver still in mutual contact,

b3

but the wet cloth on the side of the silver.
Either of these ternary associations may be the
canse of the action of the apparatus ; but the
really efficient groups may be ascertained, if
each of the ternary associations are successively
mouted as a pile, the different groups being
separated from each other by some conductor
that does not materially affect their electro-motive
power. M. De Lue employed for this purpose
amall tripods, formed of brass wire, so bent as
to touch the plates between which the tripod
was placed, only at the three points of support.

110. The first dissection u!' the pile by this
method was to form an arrangement of seventy-
six groups of zine and silver with wetted cloth
between them; one gronp being placed first
(suppose with the zine plate lowest) ; then upon
the silver plate a triped of brass wire; upon
that another group with the zinc plate lowest ;
again, upon its silver, a tripod, upon that a third
group in the same order, and so on until the
whale seventy-six groups were arranged.

111, Under these circumstances the same che-
mical and electrical effects were obtzamed, as
when the apparatus was Ful. together without
the brass tripods, It therefore appeared that the
efficient Eroups, for all the effects of the Appar-
tus, were an association of silver and zine, with
wetted cloth between them. To ascertain the
truth of this indication, a second dissection was
made. In this the two metals were placed in
contact with each other, and the wet cloth in
contact only with the sine plate. Suppose a
pair of zine and silver plates in contact with
each other, placed on the base of the pile with
the silver lowest, then a disk of wetted cloth
upon the zinc, and a tripod upon the wetted cloth ;
then another group of zine and silver, with wet
cloth upon the zine; then again a tripod, and so
on, in regular order, until the seventy-six groups
were arranged.

112. With this apparatus the electrical effects
were produced as before; but, though these
ceased when the usual glass tube for decom-
posing water was made to connect the opposite
gnle:ﬁ not the slightest chemical effect was pro-

0. !

113. From this it alspears, that the condition
for the production of chemical and electrical
effects is different; the latter requiring the
arrangement of silver and zinc in mutual cou-
tact, the successive pairs being separated by a
moist eonductor, whig:u may he in actual contact
with the zinc only; the former requiring the
association of silver and zine, with wetted cloth
between them.

114. A third dissection of the pile was thus
arranged : silver and zine in mutual contact,
wetted cloth in contact with silver: sevenly-six
of these groups were placed in regular order,
with a lrirnd npon the wet cloth of each group,
as in the former experiment. With this arrange-
ment neither chemical nor electrical effects were

roduced ; the absence of electrical signs M.
%ﬁ Luc ascribed to the zine plates being in con-
tact on one side with the silver, and on the other
with the brass of the tripod, which he regarded as
a counteracting effect. The absence of chemical
signs arose from the want of the condition for
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their production, namely, successive associations
of zine and silver, with a fluid between them
and in contact with both.

115. When either the continuous pile, or that
composed of the efficient ternary groups, are put
together with the pieces of cloth moistened with
pure water, although chemical effects are pro-
duced, no perceptible shock can be felt; but,
when the pieces of cloth are moistened by a solu-
tion of common salt, the shock is very distinct.
Hence M. De Lue concludes, that for the pro-
duction of chemical effects in the cireunit 1t is
essential that the zine undergo oxidation, and for
the production of the shock it is necessary that
oxidation be effected by the action of an acid.

116. M. De Luc conceived the phenomena
of the pile might arise from some modification
of the cﬁctril: fluid which pervaded it during the
oxidation of the zine ; and as, in his experiments,
he obtained more perceptible electrical indica-
tions hy aid of the condenser, from wires im-
mersed in water, when the chemical effects and
the shock were produced, he concluded that
this modification of the electrie fluid was attended
by a retardation of its course, by which a very
small quantity was enabled to produce effects
which are not obtained by a much larger quan-
tity when set in motion by the -electrical
machine.

117. This idea, it may be ohserved, is the very
converse of that which, from a very general and
extended view of the phenomena of the Voltaic
apparatus, Mr. Singer proposed.

t was indeed a natural inference at first view,
from the experiment in question, when that alone
was considered ; but the increased rapidity of
decomposition, which always attends the in-
creased operation of that influence, which is
here supposed to cause a retardation of the cur-
rent that oceasions decomposition, is very inimi-
cal to any such supposition ; and the usual phe-
nomena of electrical analysis are equally at vari-
ance with it.

118. When any fluid is decomposed by the
action of the common electrical apparatus, the
effect is always proportioned to the intensity of
the current of electricity that passes through it;
and in the decomposition water, when the
metallic surface in contact with it is of moderate
extent, very strong shocks in rapid succession
are required. It is to the acute intelligence of
Dr. Wollaston we are indebted for the means of
executing this analysis with a more moderzte
power. He enclosed the metallic conductor in
glass, or wax, and exposed only a very small
portion of its surface to the fluid. The current
of electricity, being thus reduced in volume, was
proportionably increased in force; and, by ren-
dering the exposed surface very minute, a suffi-
cient intensity was produced, by a moderate
quantity of electricity.

119. When a circuit is made through water,
hy wires proceeding from the opposite extre-
mities of a Voltaic battery, thase wires can im-
part no charge to the condenser, unless the
quantity of electricity evolved by the battery is
greater than the water can transmit: therefore
any cause that increases the quantity, will pro-
duce an augmentation of efiect by this test,
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whilst the column of water remains the same: or
if the velocity of the electro-motion of the appa-
ratus be increased, whilst the same imperfect
conduetor is interposed between its extremities,
a similar effect must take place; for the positive
wire will receive electricity from the pile faster
than it«an transmit it to the water, and the ne-
gative wire yields electricity to the pile more
rapidly than it can receive it from the water; so
that a slight positive and negative charge will be
given to the condenser by these wires res
tively, whenever the electro-motion of the pile
supglies electricity faster than the water can
conduct it; and the charge will be highest when
the supply is most rapid. Now, according to
Mr. Singer's principle, the most %i{l electro-
motion of the apparatus will be produced wher.
the different pairs of plates communicate with
each other through the medium of the best con-
ducting fluids: it is therefore obvious, that the
result of M. De Lucs experiments, in which a
more considerable charge was communicated to
the condenser by wires immersed in water, when
the pile was excited by a saline solution, than
when it was excited by pure water, is conform-
able to the above principle; and the legitimacy
of this inference 18 confirmed by a variation of
the experiments ; for if, when the apparatus is
excited by a saline fluid, the tube that comnects
its extremities be filled with the same fluid in-
stead of pure water, no increased charge will he
iven to the condenser by either of the wires,
use the increased electro-motion of the ap-
paratus is then compensated by the increased
conducting power of the fluid by which its ex-
tremities are connected.

120. When different degrees of chemical ac-
tion are excited in the Voltaic apparatus, by the
introduction of various fluids, the more powerful
the action that is produced the more transient is
its duration. This circumstance is of importance
in the practical application of the instrument,
since it offers the means of judiciously applying
various methods of experiments, and of con-
tinuing the action of the apparatus during a
required time. When the ery is charg
with water, its chemical action is feeble, but it
ap to continue without diminution for any
indefinite length of time; by the addition of a
minute quantity of muriatic acid, gyth part for
instance, its chemical action is greatly aun
mented, and still continues for a considerable
period. When the proportion of acid is in-
creased to a thirtieth or twentieth part, the action
is considerable, but comparatively of short dura-
tion. Mr. Singer says, he has found no solu-
tions so advantageous as those of acids, and he

refers the muriatic acid to all others ; the nitrie
15 indeed rather more verful in the same pro-
rtion, but ils eost is four times as and it

is found that it dest the copper plates as well
as the zine. The nriiﬁuﬂ gﬂspagfznlfgd by its ac-
tion is also much more offensive than hydrogen,
which results from the employment of muriatic
acid.

121. The experiments of M. De Luc induced
him to conclude, with Volta, that the electrical
effects of the apparatus result entirely from the
successive association of the different metals,
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separated into pairs by some muduu::iuﬁ sub-
stance that does not interfere with their electro-
motive powers. To ascertain if a liquid was
essential to this effect, he mounted a pile with
pieces of cloth not moistened, and he found the
electric effects were still produced, but somewhat
weaker than with the wetted cloth. Ie then in-
stituted a series of experiments, successively
mounting the pile with different animal and wve-
getable substances, interposed hetween the pairs
of metal, instead of wetled cloth. Of the various
substances tried, he preferred writing paper, as
the most convenient of those that were efficient.
The apparatus constructed in this way was found
to have the same electrical indications as the
common Voltaie pile, but it produced no che-
mical effects, however numerous the pairs of
lates ; nor was any oxidation of the zine pro-
Euned by its most protracted action. These cir-
cumstances led to E:e idea, that, by the extension
of the number of groups, a I:ing of perpetnal
electric machine might be formed; and, as in
the previous trials, it had been found that the
effect was rather increased h_}'lgmliug the paper
upon the silver or copper. Dutch gilt paper,
w&;ich consists of thin copper leaf, laid upon
paper, was employed instead of the usual silver,
or copper plates, and moist conductors: 800
plates of tinned iron being put together with the
game number of Dutch gilt pap-er‘hatwe:en them,
the copper sides being all turned in one direc-
tign, the combination was found to affect the
electrometer more powerfully than any Voltaic
battery had been ever observed to do; but on
the application of the usual glass tube with
water, no chemical effect was noticed, The a
paratus was left for a considerable time, and its
action on the electrometer continued without
diminution; and subsequent experience has
shown that it does so for any period during
which the experiment has been continued. Thus
was im-enw:ra new and important Voltaie ar-
rangement, highly valuable both in a theoretical
and practical view : in the former, as separating
the pure clectrical effects of the Voltaic battery
from its chemical power, and demonstrating the
!mrmnnence of its electro-motive faculty : in the
atter, as providing a spontaneous and perma-
nent elecirieal machine, in which the opposite
electrical states perpetually exist, without any
new excitement. Besides these properties, the
* mew apparatus promises to become an important
meteorological istrument ; for the degrees of its
electrical indications have been observed to vary
with the different seasons of the year, and are
probably influenced by some of the causes by
which our atmospherical phenomena are pro-
duced.

122. To distinguish this instrument from the
usnal Voltaic apparatus, from which it differs
in many respects, M. De Lue proposed to eall
it ¢the Electric Column,” an appellation suffi-
ciently appropriate, since the effects it produces
are purely electrical.

123. Mr. Singer made very numerous expe-
riments, on the constructions of such columns,
and varied their combinations most extensively.
The materials he preferred, are thin plates of
flatted zine alternated with writing or smooth
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cartridge paper, and silver leaf, The silver leaf
is first laid on paper, so as to form silvered
paper, which is afterwards cat into small round
plates by means of a hollow punch. In the
same way an equal number of plates are cut
from thin flatted zine, and from commnon writing
or cartridge paper. These plates are then ar-
ranged in the order of zine, paper,silvered paper
with the silvered side upwards ; zine upon this
silver, then paper, and again silvered pa;::r, with
the silver side upwards; and so on, the silver
being in contact with zine throughout, and
each pair of zinc and silver plates separated by
two dises of paper from the next pair. An ex-
tensive arrangement of this kind may be placed
between three thin glass rods, covered with seal-
ing-wax, and secured in a triangle, by being ce-
mented at each end into three equi-distant holes
in around piece of wood; or the plates may be
introduced into a glass mbe previously well dried,
and having iis ends covered with sealing-wax,
and capped with brass; one of the brass caps
niay be cemented on hefore the plates are intro-
dueced into the tube, and the other afterwards ;
each cap should have a serew pass through its
centre, which terminates in a hook outside, This
screw serves to press the plates closer together,
and to secure a perfect metallic contact with the
extremities of the column. To fill the tube with
discs, it i3 necessary to employ a cylindrical
rammer of baked wood with I}IM ends, and when
a small number (as about half a dozen dises) are
introduced, they should be thrust down, taking
care to ensure their perfect contact; and the
operation of the apparatus will be ensured.

124. Socon after the invention of the column,
Mr. B. M. Forster discovered that, when a suffi-
ciently extensive series was put together, its elec-
tric power was sufficient to produce a sort of
chime by the motion of a small brass ball be-
tween two bells, insulated, and connected with
the oppesite extremities of the colurn. He
constrcted a series of 1300 groups, ma by its
agency kept a little bell-ringing apparatus in
constant activity for a considerable length of
time.

125. Mr. Singer contrived an arrangement which
is well caleulated to form a qmrEdual motion,
by excluding, to a very considerable extent, the
operation of extrancous causes of interruption,
and it at the same time renders the disposition -
of the apparatus rather elegant. A series of from
1200 to 1600 groups are arranged in two columns
of equal length, which are separately insulated
in a vertical position by glass pillars constructed
on his principle of insulation ; the positive end
of one coluran is placed lowest, and the nega-
tive end of the other ; and, their upper extremities
heing connected by a wire, they may be consi-
dered as one continuous column. A small bell
is situated between each extremity of the co-
lumn, and its insulating support, and a brass
ball is suspended by a thin thread of raw silk,
s0 a8 to hang midway between the bells, and at
a very small distance from each of them. TFor
this purpose the bells are connected, during the
adjustment of the pendulum, by a wire, that their
attraction may not interfere with it; and, when
this wire is removed, the motion of the pendu-
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lumncommences. The whole apparatus is placed
upon. a cireular mahogany base, i which a
groove is turned to receive the lower edge
of a glaas ghade with which the whole 15 o=
vered.

126. If a column of about 1000 series is placed
horizontally, with each of its extremities resting on
a gold leafelectrometer, the electrometers will ench
diverge ; that connected with the zine extremity
of the column will be positive, that connected
with the silver extremity will be negative. If
the column be very I[Jr:rl.lul're:rl‘11|, thg gold leaves of
the clectrometer will alternately strike the sides
of the glass, but this motion is soon stopped by
their adhering to it I the simple divergence
only is produced, on touching either extremity
of '51& column, the electrometer connected with
it closes, and that at the opposite extremity has
its divergence increased. g'his is analogous to
the effect of the Voltaie battery when disposed
in a similar manner; but the motion in the co-
lumn is slower, which arises from the more im-
perfect conduetors of which it is composed.

127. There is some cause, not yet perfectly
developed, that appears to influence the power
of the column to produce the motion of light
metallic pendula. In the bell-ringing apparatus,
for instance, though the motion always continues,
it is much more rapid at one period than another,
and the oscillations of the pendulum, though
usnally os uniform as that produced by mecha-
nism, is on some occasions singularly wild and
irregular.  The frequency with which the gold
leaves of an electrometer strike the sides of the
glass, when connected with an electric column,
is also different at different times ; the variations
ohserved in some experiments of M. De Lue
are much more considerable than we have yet
noticed, with the more powerful columns of Mr.
Singer's construction.

128. De Luc proposed, as an interesting ob-
Ject of enquiry, to make regular ohservations on
: the action of the eolumn, and the number of os-

cillations it womld produce in a given time, at
each observation. For this purpose a single
column of from 1000 to 2000 series may be
supported vertically on an insulating pillar. A
bent wire, with a ball at its lower end, is to be
connected with the upper extremity of the
colurn, %o as to hang parallel with, and at some
distance from it; the ball at its lower extremity
Leing diametrically opposite to a similar ball
that 15 screwed into the lower cap of the column.
To the same cap there is also screwed a brass
fork with a fine silver wire stretched between its
extremities ; this is placed above the ball and
projeets farther from the column, so that when
the pendulum moves towards the hall it strikes
this wire first, and receives a kind of jerk, which
prevents it from sticking. The pendulum con-
sists of a gilt pith-ball suspended by a very fine
silver wire, which hangs parallel to the hent
biass wire, to which it is fastened at top; the
arrangement is such, that the gilt pith-ball would
be always in contact with the brass ball that pro-
_eeeds from the upper extremity of the column,
if the apparatus grad. no electrical power; it
therefore always returns to this situation, when,
after being attracted to the lower extremity of the
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column, it discharges itz clectrieity by striking
against the cross silver wire.

120. There appears every reason to believe,
that the action of a well-constructed column
would be permanent. There is, however, o pre-
caution necessary to their constant and imme-
diate aetion; the two ends of a column should
never be connected by a conducting substance
for any length of time; for if, after such con-
tinued communication, it be applied to an elec-
trometer, it will scarcely affect 1t for some time.
It is, therefore, necessary, when a column is laid
by, that it be placed upon two sticks of sealing-
wax so as lo keep its brazs caps at the distance
of about half an inch from the table, or other
conducting surface on which it is laid. And if
a eolumn, which appears to have lost its action
by laying by, be msulated in this way for a few
days, it will usually recover its full power.

«130. There is another canse of deteriordlion
which i1s more fatal; it is the presence of too
much moisture. If the paper be perfectly dry it
15 a non=condnctor, and will not therefore pro-
duce any action in the column; but this perfect
dryness can only be obtained by exposing the

ser to a heat nearly sufficient to scorch it, and
i its dryest natural state the paper will be found
sufficiently a conductor, even when, by exposing
the paper dises to the heat of the sun, they have
been so dried as to warp considerably. When
the paper is sufficiently dry, the action of the
column continues without diminution; and on
taking such an apparatus to pieces after it had
been constructed thirty months, no trace of oxi-
dation was evident on the zinc plates.

131. The size of the plates in the column need
not be large; Mr. Singer has constructed them
of various sizes, and finds no proportionate ad-
vantage by extending the diameter beyond five-
eighths of an inch ; they may even bhe constructed
much smaller, and yet found to act with the
greatest precision.

132. By connecting the extremities of a column
of at least 1000 series, with the opposite coatings
of a Leyden jar, during a period of from one to
five minutes, a charge iz usually communicated
to it capable of affording a small but distinet
spark, when the discharge is made by a wire that
is mot very thick.

133. Mr. Singer observes that the most exten-
sive series he had ever made experiments with,
consisted of 20,000 groups of silver, zine, and
double dises of writing paper. Its power was
considerable. Pith-hall electrometers, with balls
of one-fifth of an inch dianmeter, and threads of
four inches long, diverged to the distance of two
inches and upwards, when connected with its
opposite extremities. An electrometer in the
centre was not affected. When either extremi
of the column was connected with the ground,
the electrometer attached to that extremity closed,
and the central electrometer opened with the
same electricity, whilst that connected with the
opposite extremity had its original divergence
considerably increased ; but the electro-motion
wasz so slow, that some minutes were required to
produce the full effect.

134. By connecting one extremity of the series
with a fine iron wire, and bringing the end of
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this near the other extremity, a shght layer of
varnish being inte , a series of minute
bright sparks were obtained by drawing the point
of the iron wire lightly over the varnished sur-
face.

135. A jar containing fifty square inches of
coated surface was charged by ten minutes con-
tact with the column, so as to convey a disagree-
able shock, felt distinetly in the elbows and
shoulders, and by some ndividuals across the
breast.

136. The charge from this jar could perforate
thick drawing paper, but nota eard. It had just

to fuse one inch of platina wire, of the
sihgth of an inch’ diameter.

137. Notwithstanding the considerable electrie
power of this combination, it had not the slight-
est chemical action ; neither the best nor worst
conducting media were affected.  Saline com-
pounds, tinged with the most delicate vegetable
colors, were exposed under the most faverable
circuwmstances to its action, and in some instances
for many days, but no chemical effect was pro-
duced :

uced.

138. It therefore appears indispensably neces-
sary to the chemical power of the Voltaie appa-
ratus, that a liquid be interposed between each
pair of its plates, whilst, for the pure electrical
effects, the only condition appears to be the
association of the two metals, and the connexion
- of the different pairs, by some conductor that
does not interfere with their electro-motive

power.

138%. The first experiments made upon the
moist pile in this country appear to have been
performed by Messrs. Nicholson and Carlisle.
After observing the effects then ascribed 10 the
piles on bringing the wires from each end of the
column in contact with a drop of water, they
observed a disengagement of bubbles of some
elastic fluid.

139. On closer examination they found the
gas to be hydrogen. They then toock a glass
tube, about half an inch in diameter, into each
end of which a cork was inserted, the tube
being filled with water. Through each cork was
introduced a brass wire, 20 that the ends of the
wires in the glazs were about an inch and three-
quarters of an inch. The pile employed con-
sisted of thirty-six half-crowns, and as man
similar pieces of zine, and wet pasteboard. The
zine end of the pile was then connected with
one of the wires in the tube, and the silver end
with the other, so that the eircuit formed by the
pile was separated by the water in the tube
placed between them. A stream of bubbles was
observed at the end of the wire, in the tube
cunu&cle:j] with thli f::_;i:':vﬂr end of the pile. No
gas was disengaged from the opposite wire, but
it speedily became tarnished, first of an orange
color, and ultimately black. The tube was then
reversed, when it was observed that the wire,
which in the first experiment became tarnished,
gave out bubbles, while that which had before
given out gas, in its turm became tarnished.
140, The emission of gas from the wire con-
nected with the silver end of the pile was con-
stant and uniform, except when a metallic circnit
was formed between the ends of the pile, during
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which no gas whatever appeared. It was ob-
served that, when this metallic conductor was
removed, the appearance of the gas was not im-
mediate, since there was an interval of about
two seconds between the removal of the wire
and the appearance of bubbles. After the

rocess had continued two hours and a half, a

Ik of gas was produced equal to two-thirds of
a cubie inch. This gas was mixed with an equal
bulk of common air, and. exploded on the appli-
cation of a lighted taper.

141. These ingenious experimenters, supposing
the phenomena in question to arise from the de-
composition of the water, thought it surprising
that the hydrogen should make its appearance
at a distance of an inch and three-gquarters from
the point where the oxygen was disposed of.

142. They then made the same experniment
with a tube thirty-six inches in length, but no
gas was observed. When they introduced an
infusion of litmus instead of pure water, they
observed that the fluid in the vicinity of the wire
connected with the zine end of the pile became
red, and hence were led to suppose that an acid
had been produeed. The fluid at the other
wire was not changed, but gas, as usual, was
evolved.

143. It may be proper to state that, in every
apparatus econstructed for llamflicn'i purposes,
there is a combination of three different sub-
stances in contact with each other, in suceessive
groups; in general it is an arrangement of copper,
zing, and some conducting fluid. It is demon-
strable that the primary source of the electrical
power of the apparatus is the association of the
two metals ; and, according to Volta, the inter-
posed fluid serves only as a conductor of the
effect of one pair of metals to another.  As far
as electricity is concerned, this opinion apre-fmi
to be comect, for the electrometer is acted on,
whatever be the nature of the interposed fluid,
and the degree of divergence is proportioned to
the number of the plates. The electrometrical
effects prove also, that, the arrangement of a
series ni' zine and copper plates, with an inter-

osed fluid, forms a eonducting column, which,
In its insulated state, is positive at one ex-
tremity, negative at the other, and neutral in the
middle. This may be easily shown by three
gnlr]—leaf l.!El_‘{,!ti‘OmL!l{'T:iﬂ, connected at the same
time with an apparatus of 300 or 400 pairs of
plates. The electrometer, connected with the
copper extremity, will diverge with negative
electricity ; that connected with the zine end
will separate to the same distance positively;
while that connected with the central plate of
the series will not be affected. But, if either
extremity of the battery be conneeted with the
ground by means of a wire, the leaves of the
electrometer conmected with it will elose ; and
thoze of the central electrometer will open with
the same electricity, and to the same extent,
whilst those of the opposite extremity will have
their original divergence increased.

144. llenee it appears that there is a real
electro-motive property in the apparatus, by
which the zine end constantly tends to become
positive, and the copper end negative ; and it is
alzo obvious, that the extent of this nﬁemlmn,
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at either extremity, is increased by connecting
the opposite end with the ground. This last
experiment, by which the central plate may be
rendered either positive, negative, or neutral, at
pleasure, proves also that the interposed tluid
never acts asan insalator, for if i did so these
changes could not possibly occur,

145. As the contact of either surface of the
battery with the ground increases the electrical
state of the opposite.extremity, the same cir-
cumstance may be presumed to ke place with
every pair of associated meials, when their sur-
faces are in contact with a conducting fluid.
Whilst the apparatus is insulated, the first zine
plate ean only act on the electricity of its asso-
ciate, the first m}npur plate; but the second zinc
plate, through the conducting interposed fluid,
can act on both these, besides its companion, the
copper, and may therefore become more highly
positive ; and it is easy to conceive that such a
repetition of action would be attended with an
increase of effect, proportioned to the number
of plates; and that the electrical tension of
either end must be increased by connecting the
other with the ground.

146i. To ascertain if this principle really ope-
rated with a single combination, Mr. Singer took
a pair of circular plates six inches diameter,
very clean and smooth, one being formed of
zine and the other of copper, and each provided
with an insulating hang e. When both plates
were held by their insulating handles, and the
zine was successively applied to the flat surface
of the copper, and after each contaet made to
touch the insulated plate of a condenser of six
inches diameter ; twenty contacts were required
to communicate such a charge to the condenser
as would occasion the leaves of a very delicate
electrometer to separate to a quarter of an inch.
But when the copper plate, instead of being
held by its insulating handle, was simply laid on
the hand, or on any similar conducting body,
ten successive contacts of the insulated zine
plate, communicated a charge to the condenser,
which occasioned the gold leaves to separate to
the distance of more than half an inch. On re-
peating these experiments, with the variation of
touching the condenser with the copper plate,
held by its insulating handle, and brought in
contact with the zine plate, tirst insulated, and
then uninsulated, similar results were obtained,
but with the contrary electrical state. Hence
the similarity of action in a single pair of metals,
and a combined series, is sufficiently proved;
and the preceding statement of the manner in
which the electrical power is supposed to in-
crease with the number of associated plates, is
renderad highly probable.

147. So far the phenomena are sufficiently
simple and consistent, for those described are
not materially influenced by the nature of the
interposed fluid, nor do they oceur, but when
the extremities of the apparatus are unconnected
with each other, and consequently capable of
maintaining the opposite electrical states. But
the chemical effects, the shock, and the .power
of ignition, take place only when the extre-
mities of the apparatus are connected by some
conductor, and are also materiallv influenced by
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the nature of the interposed fluid. If these
effects then, are produced by electricity, they
can only result from its circulation in the ap-
paratus ; and, as there is no reason to su

that the electro-motive power of the associated
metals eeases when there is a conducting com-
munication between their opposite surfaces, but
rather that it is accelerated by such a circum-
stance ; that very acceleration may be the cause
of the phenomens, and the effects observed cor-
respond very nearly with such an idea; for, if it
be admitted that the connexion of the opposite
ends of the Voltaic battery by a conductor, occa-
sions a current of electricity from the positive
to the negative, that current must be more rapid,
in proportion as the conductor is more pertect,
Now 1t is found that the chemical effects are
most considerable, and more promptly produced
in fluids of the highest conducting power ; thus
the quantity of gas liberated in a given time from
common water, i greater than from distilled
water ; saline fluids furnish more than common
water ; solutions of alkali more than saline fluids,
and acids more than alkalies : and, as the effects
of a simple combination are influenced by the
same causes as those that operate with a series,
the fluids that are susceptible of the most rapid
decompesition are also most active in execiting
the chemical effects of the battery, when em-
pI]o_-.red as the connecting medium between its

ates,

. 148. Acids are of all other fluid bodies, ex-
cepting metals, the most perfect conductors, and
the chemical effect of the battery is more
powerfully excited by them than by any other sub-
stances ; it possible that their chemical action
on the zine may have some share in modifying
the quantity of electricity, or the rapidity of its
motion; but it iz certain that the effects are not
in proportion to the chemical action ; sulphuric
acid, for instance, acts as powerfully on the zine
as mitric or muomatic acid, but ¥ i3 not 50 active
in Iimducing the chemical agency of the battery :
in like manner the alkalies, which exert a very
trifling action on the battery, excite its powers
with greater energy than many saline fluids
which are more efficient as chemical agerits.

149, The ignition of wire, and of charcoal in
the Voltaic circuit, is conformable to this view
these substances are the most perfect conductors
known, and, when made the medium of commu-
nigation between the opposite ends of a battery,
must accelerate its electro-motive power to the
greatest extent. The rapid cireulation of elec-
tricity, thus obtained, produces ignition, if the
conductor be not too large in Empurtim to the
quantity of electricity ; but, within this limit, the
effect will be greatest with the thickest wire,
because the aceeleration will be more consider-
able in proportion to the facility of transmission.
There is, perhaps, no other view on which the
continued ignition of wire, and the increased
action of large plates is so intelligible.

150. The cessation of chemical agency, and
igniting power, as the chemical action of the
acids or other menstrua declines, may arise from
the total change which then occurs in the nature
of those fluids ; their conducting power is much
diminished, and they may possibly, by the change
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in their chemical properties, acquire some ficulty
of electro-motion subversive of the effect of the
combined metals.

151. The extensive experiments of Messrs.
Hisinger and Berzeling, confirmed by the re-
searches of Sir IL. Davy, had demonstrated the
constant separation of oxygen, and compounds in
which it prevailed, at the wire proceeding from the
zine surfg,ce, and of hydrogen and other inflam-
mable matter, at that connected with the cop
surface ; and, at this latter, alkali was also gg_r
quently found, and, from analogy, it was in con-
sequence concluded, that the alkalies probably
contained a considerable proportion of some
inflammable substance.

152. This conjecture was confirmed by Sir H.
Davy in 1807 : he found that a thin pieceof potassa
or soda, slightly moistened by exposure to the air,
and placed between two conductors of platina, pro-
mc{mp; from the opposite zides of a powerful Vol-
faic apparatus, was resolved intoa peeuliar metal-
lic substance highly inflammable, which appeared
at the negative surface; and oxygen gas, which
was evolved at the positive surface. %ﬂ;an £x-
tensive series of experiments, it was shown that
theze bodies are, in reality, metallic oxides, and
that the proportion of their constituent parts is
somewhat different, being in round numbers, for
potassa six parts of metallic base to one part of
oxygen, nearly ; or it may be stated that potassa
is composed of eighty-six parts of metal, and
fourteen of exygen in each 100 parts. The pro-
portions in soda are nearly seven parts metal to
two of oxygen; or seventy-eight metal and
twenty-two oxygen, in each 100,

153. The metal obtained from potassa is called
potassium ; it is lighter than water in the pro-

ortionof eight to ten. At common temperatures
it is solid, but soft and plastic. Atatemperature
of 150° it beeomes fluid, and evaporates at a heat

rather below redness.  Im color it nearly resem-
bles silver, but it tarnishes immediately when
I}IE\-

exposed in the open air, and can onl
served under napﬁ’fha. Its attraction for oxygen
1s 50 powerful, that it will detach that substance
from almost all its combinations ; and the result
of this action is its consequent oxidation and re-
conversion into potassa. If thrown into water it
immediately inﬁmes, floats upon the surface,
and burns with a mixed flame of white, red, and
violet; réendering the water, in which the expe-
riment is made, alkaling. Similar phenomena
ensue when it is brought in contact with ice.
When moderately heated in oxygen gas it in-
flames and réproduces potassa. 1ts action on water
is always attended by the decomposition of that
fluid ; hydrogen is evolved, and the oxygen
combineés with the potassium to form potassa.
By measuring the quantity of hydrogen separated
from water, by the action of a given weight of

ssium, the quantity of oxygen that metal com-
Banes with to f;l'mpgam fiiay be readily learnt.
Each grain of potassium detaches about 1-06
cubic inch of hydrogen gas, and consequently
combines with half that quantity of oxygen.

154. The metal obtained from soda is naméd
godium ; it i rither lighter than water, neafly as
00348 to 1000. It has the color of silver; is
less fusible than potassium, but tarnishes in air
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in the same way. It is fluid at the temperature
of 200°% and passes into vapor at a strong red
heat, At common temperatures it isa soft metal,
and a globule of it may be easily spread into a
thin leaf by the action of a knife. Itdecomposes
waler violently, and foats on its surface, but
does not inflame ; the water is rendered alkaling,
and, when examined, is found to contain pure
goda. It acts nearly in the same manner as
potassium, but with less energy, on most sub-
stances, and must consequentiy be preserved
under naphtha. When thrown on the surface of
nitric acid it inflames, and burns with great bril-
liance; it also occasionally scintillates when
thrown upon hot water. The proportion of oxy-
gen with which it combines to form soda, may be -
learnt by noting the quantity of hydrogen evolved
from water by a given weight of the sodiuwm.

145, Both these new metallic substances unite
with mercury in various proportions, and form
amalgams which decompose water, but more
slowly than the metals themselves ; these amal-
gams act upon all other metals, even platina and
mercury.

136, The decomposition of the alkalies may,
by care and atiention, be effected with a battery
of fifty pairs of plates of three or four inches
square ; but the resultz are rather uncertain : 200
plates form a very efficient arrangement; they
should be excited by a weak acid mixture (about
one part strong muriatic or nitrons acid, to thirty

ris of water). A plate of silver or platina

ing connected with the negative side of the
battery, a thin piece of pure potassa or soda is 1o
be placed upon it, and a platina or silver con-
ductor, proceeding from the positive side of the
Imttf_“r‘jr, 12 1o be ]Jtuug]ut i contact with the up-
per surface of the alkali, which soon fuses at the
points of contact : metallie globules shortly ap-
pear near the negative surface, and pradually
increase in size, until a crust of alkali begins to
form on their surface; at this moment they
should be removed by the point of a knife, and
instantly plunged under na[;hilm; or, if the ex-
periment be merely intended to demonstrate
their production, they may be brought in con-
tact with the surface of water or nitric acid, It
sometimes happens that no globules appear ; but
if the contact be preserved for some time, and
the alkali be afterwards raised, several will be
found imbedded in its under surface. If the ac-
tion of the battery be strong, it also sometimes
happens that the globules inflame, and even de-
tonate at the moment of their production; it is
therefore advisable not to bring the eves too
near during the experiment, or else to cover
them with glasses. These experiments always
require great care to insure their success, which
a trifling variation in the power of the battery,
purity of the potassa, or moisture of the atmo-
sphere, may prevent. —Soda is rather more diffi-
enlt to decompose than potassa, and therefore re-
quires to be émployed in thinner pieces; tha
pieces of potassa should rarely exeeed a quarter
of an inch in thickness, and those of soda one-
eighth of an inch.

157. To prevent the loss of the alkaline bases
during their separation, '!:Lthe powerful action of
the air upon them, it has been pmpnﬁll.-:! ;n effect



100

the decomposition under naphtha: the moist
potassa being placed between two rhlﬁ D‘Fp!ﬂ—
tina in a proper vessel, which is to be filled with
naphtha as soon as the contact with the batte
is established ; in this way the action of the air
is prevented, but the naphtha decomposes, and
hl'r,ln sen and chareoal are liberated, which ren-
ders the result less satisfactory than in the more
simple form of the experiment. The most es-
sential precautions are to preserve the alkali as
dry as is consistent with a sufficient degree of con-
dueting power, and to employ the battery mn a
moderate state of action, m which it does not
produce a very intense heat, for that would des-
troy the metallic base at the moment of its pro-
duction.

158. The amalgam of potassium, or sodium,
with mercury, is easily procured ; and may be ob-
tained by a very moderate power. A glass tube,
one-fourth of an inch diameter and three inches
long, havinga short platina wire sealed in oneend,
i5 to have mercury poured into it until the end of
the platina wire is covered ; the rest of the tube is
to be filled with a concentrated solution of alkali,
either pure or carbonated. The platina wire,
surrounded by mercury, is then to be connected
with the negative end of a Voltaic battery, and
the cireuit completed by bringing a platina wire
from the positive end, in contact with the solo-
tion of alkali. Gas will be evolved from this
wire, and the surface of the mercury will be

reatly agitated ; when the action grows weaker,
the mercury may be poured into a glass of
water, and the presence of the alkaline metal
will be immediately indicated by the evolution
of a cloud of minute bubbles of hydrogen gas,
which may be collected by inverting over the
mercury a small closed glass tube filled with
water. This result has been frequently obtained
with a battery of thirty pairs of plates of only
two inches square,

159. The amalgam may be obtained more highly
charged with the alkaline metal by employing a
solid piece of alkali, with a small cavity on its
surface, in which a globule of mercury 15 to be
placed. The alkali is to be connected with the
zinc surface of a battery, and the mercury with
the copper surface ; the mercury soon becomes
more tenacious, and sometimes is converied
into a soft solid mass, and in this state, if
thrown into water, it produces a rapid decom-
position.

160. The strong attraction of the metals of the
alkalies for oxygen, renders them most active
agents of chemical decomposition; by the
strongest Voltaic power they can only be ob-
tained in small quantity ; and for the purpose of
experiment they are now usually procured by
another process first devised by the French
chemists. A gun-barrel is bent nearly in the
form of the letter 5. An iron tube of the
capacity of two cubic inches, having a small
hnli‘e at the lower extremity and an iron stopper
at the top, is ground into one end of the gun-
barrel, and a tube of safety is fitted 10 the other.
The iron tube is to be filled with pure dry potassa,
and the bent part of the gun-barrel nearest toit,
with clean iron turpings : this part of the barrel isto
Le luted and placed in a small blast furnace ; the
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iron tube prl:?ec'ling out on one side, and the
vacant part of the gun-barrel, with its attached
tube of safety, charged with clean oil, or naphtha -
on the other. A strong heat is then to be raised
in the furnace, and, when the iron turnings have
attaived an intense white heat, a small furnace
15 to be applied to the wbe containing the
potassa, which, being readily fused, will flow
through the small hole at the bottom of the
tube upon the iron turnings. The oxygen
of the potassa combines with the heated iron,
and the potassium eondenzes in brilliant lamin:=
in the vacant of the gun-barrel, which must
be kept cool by ice during the process. As
potasse always containg water, that is also de-
composed, and hydrogen escapes during the ex-
periment, from the tube of sa ty ; the cessation
of this liberation of gasis the sign for removing
the small furnace from the tube, and the heat
being raised in the blast furnace for a few mi-
nuteg, as high as possible, to expel the Jast
portions of potassium from the iron, the whole
apparatus is suffered to cool. The gun-barrel is
then to be cut at the commencement of the part
which has been kept cool, for there the greatest

ortion of potassium is usually found ; it mpst
e detached by a chisel in as large pieces as
possible, and introduced quickly into naphtha, a
portion of which fluid it is expedient to pour
into the barrel as soon as it is first opened.

161. This process is attended with some dif-
ficulty, but it has been repeated successfully by
many chemists in this country : a more detailed
account of it may be consulted in the thirty-
second volume of the Philosophical Magazine,
pp. 89, and 276.

162. The composition of the fixed alkalies was
entirely unknown before these experiments, but
the volatile alkali, or iammaonia, had been shown
to consist of hydrogen and nitrogen, in the pro-
Eurlicm of three of hydrogen to one of nitrogen

y volume, Now it is singular, that of three
bodies, whose properties are so analogous, two
should be metallic oxides, and a third a com-
pound of two gases ; but there are experiments
that seem to prove that either one or both of
these gases contain a metallic substance, and that
consequently ammonia may be, like the other
alkalies, a metallie oxide.

163, Messrs. Berzelius and Pontin of Stock-
holm, discovered that when mercury is placed
in & Voltaic eircuit witha solution of ammonia,
the mercury being connected with the copper-
extremity of the battery, and the ammonia with
the zine, the mereury gradually expands to four
or five times its original volume, and becomes a
soft solid, nearly of the consistence of butter,
having its metallic character quite unimpaired.
It is very remarkable, that by this change it
gains only about. pl part of its weight;
vet has its specific gravity. so much dimin-
ished, that, from being thirteen or fourteen
times heavier than water, it becomes only three
times heavier. By a short exposure to the at-
mosphere, it regains its original size and fluidity,
absorbing oxygen and reproducing ammonia.
When thrown into water a similar effect is pro-
duced, the water being decomposed and hydro-
gen liberated.
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164. These phenomena are very analogous to
those observed with the fixed alkalies ; some sub-
stance combines with the quicksilver and alters
its propertics materially, withoul imparing its
metallic character ; now, according to all ex-
isting analogies, this substance must be a metal,
and this metal, in returning to the state of alkali,
absorbs oxygen, as is seen by itz action on water.
Hence it appears that “ammonia consists of
oxygen and a peculiar metal which may be
called ammonium ; but its analysis by other
means evinees only the two gases, hydrogen and
nitrogen ; the former of these being the lightest
of all gravitating bodies, is most probably a
simple or elementary substance ; and, on such a
view, it would seem that nitrogen, though a
gaseous body, is a compound of oxygen and a
metal,

_165. The amalgam of ammonium may be

formed most readily by making a cavity in a
moistened piece of muriate, or carbonate of am-
monia, connected with the positive side of a
Voltaic battery, and inserting in it a globule of
mercury connected by a platina wire with the
negative surface ; ina few minutes a soft amal-
gam is formed ; it must be transferred into water
as c’;lickly as possible when its action on that
fluid is to be observed, as it changes by the
shortest possible contact of the air.

166. Sir H. Davy has observed, that the strong
attraction of potassium for oxygen, enables it to
decompose ammonia even more rapidly than
the Voltaic battery ; and if an amalgam of potas-
sium and mercury be placed in a cavity in mois-
tened muriate of ammonia, it immediately
increases in size, and becomes more consistent.

167. As some of the substances called earths
resemble the alkalies in various properties, it was
eﬂm“jl;'e:ttured, that they also were metallic oxides;

this conjecture has been partly verified by
the experiments of Messrs. Pontin and Berzelius,
and Sir H. Davy. If a paste be formed with
water, and either barytes, strontites, lime, or
magnesia ; and this paste be connected with the
positive side of a Voltaic battery, and touched
with an iron wire proceeding from the negative

surface, the wire obtains the property of decom-

ing water.

168. If a globule of mercury be placed in a
cavity in the earthy body, and touched with a
wire proceeding from the copper end of the
battery (the paste being connected with the zine),
an amalgam will be soon formed, which has the
property of decomposing water, and forming
with it a solution of the earth employed. If
this amalgam be introduced into a little tube
made of glass, and bent in the form of a
retort, then filled with the vapor of naphtha and
hermetically sealed; on the application of heat
to the end of the tube contaimng the amalgam,
the mercury will distil over and leave the pure
metal of the earth behind. This process is rather
difficult, and requires great care.

169. The amalgam from barytes, strontites,
and lime, may be obtained with a battery of from
100 to 200 four-inch plates, in a moderate time ;
that from magnesia requires a longer continuance
of the action of the battery, and the other earths
do not readily yield to its powers. These metals
are named from the earths of which they appear
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to be the bases, as follows: namely, that from
barytes, barium; strontites, strontium; lime
calcium ; magnesia, magnesium ; alumine, alu-
minum ; silex, silicum, &ec.

170. The decomposition of the alkalies and
earths which had  previously resisted every
attempt at analysis, are a monument of the
importance of the Voltaic apparatus as an in-
strument of chemical research ; and a proof of
the ability with which it has been employed,
whiech will be regarded with admiration and ap-
planse as long as science shall continue to be
culyvated.

171. The phenomena that have been described
as the consequences of Voltaic decomposition
obtain in every variety of experiment. Sul-
phuric acid introduced into the Voltaie circuit
gives off oxygen gas, and sulphur is deposited.
Phosphoric acid evolves oxygen gas, and phos-
phorus combines with the negative wire. Am-
monia separates into hydrogen and mnitrogen
with a small proportion of oxygen. Oils; al-
cohol, and ether, when acted on by a poweriul
battery, deposit charcoal, and give off hydrogen,
or carborated hydrogen. And professor Brande
has shown, that when animal fluids containing
albumen, are placed in the Voltaie cirewit, the
albumen is separated in combination withalkali
at the negative wire, and in combination with
acid at the positive wire; and that, with 2
powerful battery, it separates at the negative
wire in the solid form ; and with a less power,
in the fluid form, so that it is" probable animal
secretion may depend on some such power.

Prior to an examination of the Voltaic ap-
paratus there are some simple experiments that
should be noticed.

172. If a wire of silver, and another of zine,
be immersed in a glass containing dilute muriatic
acid, o as to remain at a little distance from
each other, the zine will give off hydrogen gas
rapidly, but the silver will produce no effect.
Bring the ends of the wires that are out of the
acid in contact, by twisting them together; the
quantity of hydrogen given off by the zine will
be diminished, and bubbles will be evolved
from the silver.

173, If zine, iron, or copper, are employed
in the same way with gold, in dilute nitrie acid,
similar phenomena ensue, but the gas produced
is mitrous gas.

174. If a wire of iron and another of silver
are immersed in a solution of copper, the iron
will soon become coated with copper, but the
gilver will remain unchanged. Dring the wires
in contact, by twisting their upper extremities
together, and the silver will be soon covered with
a coat of copper.

175. Similar experiments may be made with
a zinc and a silver wire, in solutions of lead or
tin.

176. Dr. Wollaston, to whom we are in-
debted for the last two experiments, thus ac-
countz for the result:— We know that when
water is placed in the eircuit of conductors of
electricity, between the two extremities of a
pile, if the power is sufficient to oxidate one of
the wires of communication, the wire connected
with the opposite extremity affords hydrogen
s,
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177. “Since the extrication of hydrogen in
this mstance is seen to depend on electricity,
't is probable, that in other instances, electricity
may be also requisite for its conversion into gas.
It would appear, therefore, that in the solution
of a metal, electricity is evolved during the action
of the acid upon 1t; and that the formation of
bydrogen gas, even in that case, depends on a
transition of electricity between the fluid and
the metal.

178, *We see moreover, in a former ex-
periment, that the zine, without contact of any
other metal, has the power of decomposing
water; and we can have no reason to suppose
that the contact of the silver produces any new
power, but that it serves merely as a conductor
of electricity, and thereby eccasions the formation
of hydrogen gas.

178, “In the last experiment, also, the iron by
itsell has the power of precipitating copper, by
means of electricity evolved during its solution;
and here likewize the silver, by conducting that
electricity, acquires the power of precipitating
the copper in its metallic state.’

180. The experiments of this ingenious phi-
losopher, by which the attraction of alkali, and
the precipitation of copper on the surface of
silver, were produced by the influence of negative
electricity, excited by the ordinary machine,
were considered by him as favoring the preced-
ing explanation, and proving that oxidation must
be the primary cause of electric phenomena.
To Mr. Singer, who furnishes the gquotation,
they did not appear to favor any such supposi-
tion, but rather the contrary ; for in the experi-
ment with two different wires, touching each
other, both produced the same chemical effects,
vet, observes Mr. 5., “if they are electrical at all,
the one is positive and the other negative, as all
experiments on the association of different metals
prove; and if two wires that have no chemical
action on the fluid in which they are immersed,
be rendered respectively positive and negative,
they are well known to produce different chemi-
cal effects.

181. But it is said the chemieal effect pro-
duced by the silver wire, arises from electricity
communicated to it by the zine; and that we
have no reason to suppose that any new power
is produced by the contact of the metals. Now,
if this were the case, the mere conducting com-
munication of the metals would be the only
eondition necessary to give the silver its chemi-
cal power; but the case is widely different, the
communication must be not only conducting,
but metallic, and even then no chemical effect
will be produced, unless the extremities of the
wires are immersed in the same liquid, orin
two separate portions of liquid that have a con-
ducting communication with each other.

182, Place two glasses filled with a solution
of eopper near each other. Make a compound
arc, by twisting together the end of a wire of
zine, with the end of a similar wire of silver.
Conneet the two glasses by placing the silver
leg of the arc in one, and the zinc in the other.
The zine will immediately attract copper from
the solution, but it does not communicate that
power to the silver, though they are both closely
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connected.  Whilst the compound are remains,
connect the two glasses by a second are, formed
of a piece of bent wire of any kind, except
gold or platina. The silver will be immediately
covered with a coating of copper, and will
continue to separate copper from the solution as
long as the disposition of the apparatus remams
the same. ow the only difference in the
arrangement, that appears to have u?erzmatl as a
condition to the chemical power of the silver,
was the provision of another conducting com-
munication between the glasses, in addition to
that established by the compound arc; it there-
fore appears, that the associated metals cannot
serve as conductors to the effect produced ; and
indeed, if they did, it would be scarcely pos-
sible any accumulation of power could result
from the increased number of plates in a Voltaic
battery.

183. This experiment does not display any of
the electric powers of a Voltaic combination ;
but it shows that the association of three dif-
ferent substances iz essential to the chemical
agency of such a combination; amd the pheno-
mena will be found to correspond with some
experiments of M. IDe Lue, on the efficient
groups in the Voltaic pile. This celebrated phi-
losopher found that no chemical effects were
produced by any Voltaic arrangements, unless
two metals were employed with a liquid between
them ; and, in the experiment last described,
zine, silver, and a metallic solution were inac-
tive, though in contact with each other, until the
fluid was made the medium of conducting com-
munication between the free extremities of the
combined metals.

184. The experiment last described will sue-
ceed, when the two glasses containing the me-
tallic solution, are connected by any moistened
conductor ; but the chemical power of the silver
wire will be evinced slower, in proportion as the
length of the moistened conductor is increased ;
and in all experiments of the kind, the less the
interval between the extremities of the com-

und are, the more rapid is its action on the
mterposed fluid. Hence, in the arrangements
of Voltaie apparatus, for the pur of che-
mical decomposition, the ends of the eonducting
wires are placed ata greater or less distance from
each other, in proportion as their action is re-
quired to be more or less intense.

185. The arrangement of a simple Voltaie
combination, by g.lr. Sylvester, in which this
effect is apparent, may be referred to. It con-
sists of a tall glass jar filled with very dilute
muriatic acid. Through a cork, placed in the
neck of this jar, two wires are inserted ; the one
a short straight wire of zine, the other a long
bent wire of platina, or silver; by turning this
last round, its upper end may be brought in
contact with the zine, or separated from it at
pleasure. When they are separate, the zinc
only is acted on ; but, as soon as they are brought
in comtact, the platina or silver becomes covered
with bubbles of gas, which appear soonest, and
are evolved in the greatest quantity, from the
projecting point.

186, Notwithstanding this circumstance, the
power of a simple Voltaic combination con-
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tinues to exert its effect, when the stratum of
interposed. fluid is considerable. If a tube of
three feet long be filled with dilute muriatic acid,
and a wire of platina be inserted through a cork
in one of its extremities, and a wire of zine in
the other; on connecting the wires, gas will be
soon evolved from the silver. If the tube be
bent the effect will take place more slowly. Mr.
Singer took two similar tubes of eighteen inches
long, and connected them by a short piece of
flexible pipe, so as to form together a tube of three
feet in length, with a joint in the middle, which
admitted of its employment either as a straight
tube, or as a siphon with a bend of any required
inclination. In the open ends of this tube he
placed mpmtivelg: a zine, and a platina wire;
and found that, whenever their outer ends were
connected by a wire, hydrogen was soon evolved
from the platina; but ths effect took place
soonest when the tube was siraight, and hence
itap that the power put in motion by these
combinations, can pass more readily through any
given column of a fluid in a straight line, than
in any other direction.

187. It has been zeen, that, when any metal is
in solution in the interposed fluid, it 13 revived
by the wire which in other cases evolves hy-
drogen ; and it has been shown, by the effect
of the silver and the platina wire, that metals
which have no chemical action on the interposed
fluid alone, may decompose it when combined
with another metal. ’Fh&se facts, though far
from being perfectly understood, may serve to
explain some chemical effects which were before
rather obscure. If a zine wire, for instance, be
immersed in a solution of lead, the latter metal
will be revived in the form of a metallic vegeta-
tion, which increases gradually by additions to
its extremities. The first separation of the lead
is sufficiently intelligible ; the acid in which that
metal is dissolved, having a stronger attraction
for the zine, dissolves a portion of it, and de-
%nsit.! on its surface an equal portion of lead.

ut the lead, so revived, continues to revive
more, and to receive additions at its remote ex-
tremities, whilst it would have been rather ex-
pected these additions would have been made on
the zine, and the vegetation that had been first
formed E_:Immdecl further into the fluid by that
means. The contrary result is now understood to
be obtained, by the revived particles of lead
forming a Voltaie combination with the zine and
the surrounding fluid. This effect is analogous to
that which obtains in various other instances,

188. Spread a few drops of a solution of silver
ulvap a pane of glass, and place a small piece of
platina, and a similar piece Dfl:ﬂ[:.}:&l' wire upon
it, at a little distance from each other. A vege-
tation will take place about the copper wire;
but no efiect will be produced by the platina.
Bring the wires in contact with each other, and
the Voltaic combination thus formed will ocea-
sion a beautiful vegetation of metallie silver to
surround the platina wire.

189. With a solution of tin, and wires of zine
and platina, similar phenomena ocear; bul a
considerable time elapses, after the contact,
before the vegetation appears round the platina.
The immediate contact of the oxidable metal
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with the metallic solution is not abselutely ne-
cessary to the success of these experiments; it
i5 only essential that a regular Volmic circle,
consisting of two different metals and a moist
ecnductor be established.

190. If we take a glass tube having a piece of
bladder tied over its lower extremity water tight,
and a cork inserted in its upper Emf with a pla-
tina wire passing through it; and the tube be
filled with acetate of lead, and placed in a small
cup of zinc containing dilute muriatic acid ; we
shall find that, when a metallic communication is
formed between thas cup and the pla.lil:m wire,
the latter will become studded with brilliant
crystals of metallic lead. In this case the oxi-
dable metal has no connexion with the metallic
solution but through the medium of the platina
wire on the one side and moist bladder on the
other.

191. Fill two similar glasses, the one with a
solution of silver, the other with dilute muriatic
acid ; connect them by a compound wire are
of zine and platina ; the zine being plunged in
the muriatic acid, and the platina in the metallie
solution. Immerse a second are, formed of a
bent silver wire, in the two glasses, one of its
legs being in each ; after some time the zine wire
will be entirely dissolved, and the platina will
be found covered with minute crystals of metallic
silver, displaying a very beautiful appearance
under the microscope.

192. Copper nt?gezinc are the metals most
usually employed in the construetion of Voltaic
apparatus, Fﬂr their effects are greater, in 1|1r-:-|}1:rrr
tion to the value of the metals, than those of
any other combination. Silver and zine, or gold
and zine, would be more powerful, but not so
much so as to compensate for the increased ex-
pense.

193. As the effects produced by a single pair
of metals, of any size, are still exceedingly feeble,
attempts were made to combine the action of
several pairs. Professor Robinson arranged a
series nfp zine and silver plates, about the size of
a shilling, so as to form a rouleau; and on ap-
plying his tongue to the edge of this, the sensa-
tion experienced was more manifest than by a
simple pair of metals; but its power in other
respects did not appear more considerable. In
this arrangement every zine plate was necessarily
between two silver plates, and every silver plate
between two of zine, with the exception of the
first and last. Now it has been siated, that the
contact of zine with silver, or copper, occasions
some electrie fluid to flow from either of those
metals to it; and, consequently, when a single
pair of metals are associated, the outer surface
of the zine appears positive, and that of the
silver or copper negative.  But if both surfaces
of the zinc are in contact with copper or silver,
electricity will flow into it in contrary directions,
g0 that neither surface can exhibit the effect; and
the same circumstance occurs, m a contrary
order, when both surfaces of a silver or copper
plate are in coniact with zine. Hence every
arrangement of this kind, however numerous the
pairs of metal, will exhibit at its opposite
extremities the powers of a single pair of metals
only.
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194, Volta had the penetration to ascertain the
cause of this defect in the roulean of professor
Robison; and his ingenuity supplied a means
of obwviating it.  His experiments on the eomli-
nation of two metals with an imperfect conductor
{(as water or saline fluids) had taught him that
the electro-motive power of these fluids inter-
fered but little with the more powerful energy of
the combined metals; and that in fact they
acted principally as conduetors to that energy.
He therefore interposed imperfect conductors of
this kind between a series of pairs of metal,
and thus comlined their power without pro-
ducing a counteracting current ; for the zine and
silver, or zinc and copper, were then in contact
with each other at one surface only, but the con-
ducting communication existed throughout.

195. To construct an apparatus of this kind,
procure a number of plates of zinc and copper,
or zine and silver, either round or square, of any
size ; and an equal number of pieces of cloth,
leather, or pasteboard, of the same form, but
rather smaller. Soak these last in salt waler,
until they are thoroughly moistened ; place a
plate of silver, or copper, upon the table, then
upon that place a piece of zine, and on the zinc
one of the moisiened discs; upon this a second
series of silver, zinc, and moistened cloth (or
pasteboard) in the same order; and thus conse-
cutively until a series of fifty or sixty repetitions
have been placed one upon the other. Particular
care must be taken to place the plates in regular
order; if in the first group silver is placed
lowest, zine next, and then the moistened dise,
the same disposition must be observed through-
out.

196. The Voltaie pile being thus formed, let
the operator moisten both his hands with brine,
and grasp a silver sppon in each.  If the top of
the pile be then touched with one spoon, and
the bottom |with the other, a distant but slight
zhock will be felt at every repetition of the con-
tacts.  This shock resembles very nearly the
sensation produced by a very large electrical
battery weakly charged; it is greater in propor-
tion to the number of groups of which the pile
15 com If the communication is made
with any part of the face near the eyes, or with
a silver spoon held in the mouth, a vivid flash
of light is perceived at the moment of contact,
and that whether the eyes be open or shut.

197. The power of an apparatus of this kind
continues for some time, but gradually diminishes,
the zine surfaces becoming oxidated by the ac-
tion of the moisture; it therefore requires to be
taken to pieces and cleaned, an operation that is
very troublesome when the number of plates is
considerable. This inconvenience was dimi-
nished by soldering each pair of zine and copper
plates together, instead of simply laying them
on each other; and a further improvement was
devised by Mr. Cruickshanks, which consisted in
cementing the pairs of plates in regular order, in
grooves made in the ﬁilﬁ.‘ of a mahogany trough,
=0 as to form water-tight cells between each pair.
These cells being filled with water, or any con-
ducting fluid, served az a substitute for the mois-
tened dises used in the pile; and, as the fluid
could be easily poured out and replaced, it re-
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quired considerably less time to keep it in
order. This form of the apparatus, which is
called the Voltaic trough, or battery, has been
much used in this country; it is perhaps, on the
whole the bestarrangement hitherto devised, and
its construction is sufficiently simple.

198. The zine plates are made by casting that
metal in an iron or brass mould; they may be
about an eighth of an inch thick. The copper
need not exceed twelve or fourteen ounces to
the square foot, and may be soldered to the zine
at one edge only, the other three being secured
by cement in the trough.

199. The trough must have as many grooves
in its sides as the number of plates it is intended
to contain, which should be fewer in proportion
to their size, otherwise the apparatus will be in-
convenient from its weight. When the plates
are not more than three inches square their
number in one trough may be fifty, and the dis-
tance of the grooves from three-eighths to half
an inch. The trough must be made of very dry
wood, and put together with white lead or
cement. The plates being placed to the fire,
the trough is to be well warmed, and placed ho-
rizontally on a level table, with 15 bottom down-
wands, very hot cement is then to be poured into
it, until the bottom is covered to the depth of a
quarter of an inch. During this process the
plates will have become warm, and they are
then to be quickly slided into the grooves and
pushed ﬁrml}y to the bottom, so as to bed them-
selves securely in the cement.  In this way the
plates are very perfectly cemented at the bottom,
and, when this cement is sufficiently cool, a slip
of thin deal is to be slightly nailed on the top
edge of one of the sides of the trough, so as to
overhang the inner surface about a quarter of an
ineh. The trough being about three quarters of
an inch deeper than the diameter of the plates,
there will be an interval between their top edges
and the deal slip; and, when the side of the
trough to which Sm slip is attached is laid flat
upon the table, this interval forms a channel into
which very hot cement is to be poured, and 1t
will flow between each pair of plates, =0 as to
cement one side of all the cells perfectly. As
soon as the channel is quite full of fluid cement,
the strip of deal is to be torn off, and the trough
inclined so as to admit the superfluous eement to
run out. When this is effected, and the cement
cool, a slip of deal is to be nailed on the oppo-
site side and the same process pursued with that.
The instrument will then be cemented in the most
perfect manner, and it may be cleaned off and
varnished.

200. We may notice the preparation of elec-
trical cements. various cements employed
in the construction of electrical apparatus are
formed principally of resin, with the addition of
some substanees to render it more adhesive, and
less brittle.  Five pounds of resin, one pound of
bees”-wax, one pound of red ochre, and two table
spoonfuls of plaster of Paris, when melted, and
well incorporated together, form a very good
cement for general purposes.  One that s weil
adapted for cementing large Voltaic batteries,
and which is cheaper, may be formed of six
pounds of resin, one pound of red ochre, hall

proper



ELECTRO-GALVANISM.

pound of plaster of Paris, and a quarter of a
pint of linseed oil. Other cements in great
variety, more or less fusible, &c., may be formed
by eombining the preceding ingredients in
various proportions.  The ochre and plaster of
Pariz should be well dried, and added to the
other ingredients when they are well melted.

201. It must have occurred to those engaged
in a series of Voltaic experiments, to observe
the early exhaustion of power and the inequality
of the action under the usual construction and
management of the apparatus. The lecturer on
this subject has more particularly felt such in-
convenience ; as during the progress of his ex-
periments of elucidation he is obliged frequently
to pause for explanation, during which time the
power is on the decline.

202, To obviate these difficulties, Mr. Fe]'}}'ﬂ
has eopstructed a table, with drawers containin
a suite of troughs, all the plates of which may
be either raized ont of the acid, or immersed
into #, simultaneously. By means of a lever
and counterpoise weight, the whole of the plates
are as easily elevated as one series; all the
communications  with the prime conduectors
being, as in the same gentleman’s Voltaie dis-
charger, completed by quicksilver.

203. The troughs being enclosed within the
table or chest, prevents the free escape of the
acid vapors ; and, where an opportunity offers
of communication with a chimney or window,
a pipe may be usefully added to carry them off.

204. Fig. 1, plate 1., Errcrro-Garvaxisw,
represents the external figure of the case.

205. Fig. 2. The internal arrangement of the
whole contents (except the communication), the
front being removed.

206. Fig. 3. Side view of the same, the side
of the case, and drawers being removed.

207. Fig. 4. Une of the drawers, with the
spring supports, or props for tllel}ﬂal_e:s.

208. Fig. 5. Front view of the communica-
tions.

209. Fig. 6. Side view of ditto.

210. The Voltuic serkes consists of sixty pairs
of plates, four inches square, each plate pre-
senting its whole surface to the action of the
acid ; they are arranged in two drawers A, A,
one above the other, each drawer containing three
porcelain troughs a,e, @, and each trough ten
pair of J‘r’iates %r,b,b; the plates are suspended
from rods c, ¢, ¢, connecting each set of ten pairs
together, and these rods drop into a sguare frame
o, d, made to the full size of each drawer inside:
the action of these frames lowers or raises the
whole of the plates together, and is thus con-
trived.

211. B, B, are two rods passing through the
upper board or table, and resting upon the short
arm of the levers C,C, fig. 2, which are of
wood ; these rods have each two pairs of pins e, f;
and which in fig. 2 are represented as employed,
the plates being in action; but in fig. 3 the
contrary, the lower drawer being open, and the
frames, with plates supported by their props
D, D. The drawers being first shut, the handles
E, E, of the rod B, are to be turmed inwards, as
in fig. 2, when the pins ¢, ¢, enter the openings cut
in the sides of the drawers at g, fig. 4, and stop
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in the grooves &, A, fig. 2, cut in the square frame
d, to receive them; in the mean while, the
shorter pins f, f, bearing upon the lower sides
of the spring props D, press their upper end or
points entirely within the thickness of the drawer
on each side, and release the frames o, d. The
whole weight of the plates, now bearing only
upon the rods, is counterpoised by the weight w,
which connects the two levers C,C; they are
gradually let down into their several partitions,
and the action of the battery eommences; at
the conclusion of the experiment the rods are
again raised by the handles E, L, and when
stopped, the pins ¢, having reached the top of
the groove g, fig. 4, the handles are to be turned
back into their former position, as in fig. 3; the
props 1), being now first released, shoot into the
drawers, and support the frames when the pins
&, &, have quitteq}l them.

212. The communications between each trough
are effected in the usual manner:; but those
which conduct the fluid from one drawer to the
other, and from the opposite ends of the series
to the upper board or table, are capable of being
disengaged, and their connexions are cil"e:cteﬁ
under mercury, as in the Voltaic discharger.

213. They are thus arranged : i, i, i, are ivory
cups containing mercury, and fixed to the
drawers ; j, j, i, are platina wires depending from
them, and entering the troughs ; k 15 a ring and
wire, which effects the communication between
the two drawers; and LI, are the two wires
which conduct the fluid from the opposite ends
of the battery to the table, C being the copper,
and ¥ the zine end of the series.

214. We have stated that when the opposite
extremities of a powerful Voltaic apparatus are
connected by a wire, at the moment of contact
a distinct spark is perceived, which occurs every
tume the contact is alternately broken and re-
newed, If the contact is made with a wire ter-
minated at the end by a piece of well-burnt
charcoal, the spark is considerably more vivid.
And if two wires proceeding from the opposite
ends of the battery are armed with ﬂﬁarﬂual
points, and brought in contact with each other,
the light evelved is more brilliant and intense
than any that has been procured by other arti-
ficial arrangements. Wﬁen the battery 1s power-
ful, the emission of light may be kept up for a
considerable time ; it is so dazzling as to fatigue
the eye even by a temporary glance, and, when
it ceases, leaves the most brilliantly illuminated
room in apparent darkness.

215. This light appears to be principally de-
rived from the immediate action of the Voltaic
a}j)pamlus'_ and not from the combustion of the
charcoal ; for, though that is partly ignited, it
suffirs but comparatively little waste, and the
light is evolved with equal splendor when the
experiment is made in gases which contain no
oxygen ; and will even take place, though with
diminished energy, under water, alcohol, ether
oils, and other fluids whose conducting power is
not too great.

216. The influence of the Voltaie spark on
varions gases may be ascertained by the appa-
ratus represented at fig. 1, plate 11, EvectRo-
(Ganvaxiss, the wires within the globe being tei-



106

minated by pointed pieces of charcoal, instead
of balls. \ﬁ:en a gliﬂ'be of this kind has been
exhausted and filled with salphureted hydrogen,
on taking the Veltaic spark n it, the sulphur is
separated, and deposited on the interior of the
globe, and produces, during its separation, a
very beautiful appearance.

217. Some other compound gases are similarly
affected ; phosphorus separates from phosphu-
reted hydrogen, and arsenic from arsenureted
hydrogen.

218. With the most powerful Voltaic batteries
the striking distance of the spark, or interval at
which it pusses from one conductor to another,
15 very considerable, Mr. Children measured
this effect by means of a micrometer, atiached

to two polished points of platina, which were
inserted in a regeiver containing very dry air.
With 1250 pairs of plates the points were

brought within one-fifteenth of an mnch of each
other before the spark took place. With a large
apparatus employed at the London Institution,
“gunh extends to 2000 pairs of four-inch plates,
ints of charcoal were brought within a thirtieth
or fortieth of an inch of each other before any
light was evolved ; but, when the points of char-
eoal had become intensely ignited, a stream of
light continuned to play between them when
they were gradually withdrawn even to the dis-
tance of nearly four inches. The stream of light
was in the form of an arch, broad in the middle and
tapering towards the charcoal points; it was ac-
companied by intense heat, and immediately ig-
nilaci‘ any substance introduced into it; frag-
ments of diamond, and points of plumbago
disap , and seemed to evaporate, even
when the experiment was made in an exhausted
receiver ; though they did not appear to have
been fused. Thick platina wire melted rapidly,
and fell in large gkn];ules ; the sapphire, quartz,
magnesia, and lime, were distinctly fused.

219. In rarefied air, the discharge took place
at a greater distance, and the beam of light was
made to pass through an interval of six or seven
inches.

220. These phenomena may be exhibited ona
smaller scale by means of 100 pairs of plates,
of six inches square, an apparatus which is well
suited for all experiments of fusion and ig-
nition,

221. The arched form of the stream of light,
passing hetw':’_-en t]'u:'n c:::.rsm‘! pui:;:_shlis often
v tible when t istance ints

: dEs mfueed half an inch. e

222, From the low intensity of the most
powerful Valtaic apparatus, but little attention
to insulation is required in the tramsmission of
its effects. The conductors employed for this
purpose consist of copper wires passed through
a short piece of glass tube, which serves as an
insulator to hold them by. Such conductors
are represented attached to the battery, and
placed on a glass plate to inflame gunpowder,
at fig. 2.

‘253. As the charcoal points usually become
ignited when the battery has moderate IEower,
almost any combustible substance may be in-
flamed, if between them.  Qils, alechol,
ether, and naphtha, are decomposed when the
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points are plunged into them, and inflamed
when they are brought near each other upon the
surface, !

224. Some of the most pleasing effects of the
Voltaie apparatus result from its action on me-
tals; if these substances, in thin leaves, are made
the medinm of communication between the op-
posite ends of a powerful battery, they inflame,
and by continuing the contact may be made to
burn with great brilliance. The best method of
performing these experiments, is to suspend the
metallic leaves to a bent wire proceeding from
one extremity of the battery, and to bring in
contact with them a broad metal plate connected
with the opposite extremity; the brilliancy of
the effect may be increased by covering the plate
with gilt foil. Gold leaf burns with a vivid
white light tinged with blue, and produces a dark
brown oxide. - Silver leaf emits a brilliant eme-
rald-green light, and leaves an oxide of a dark
gray color. Copper produces a bluish-white
light attended by red sparks; its oxide is dark
brown. Tin Exiihits nearly similar phenomena;
its oxide is of a lighter color. Lead burns with
a beautiful purple light; and zinc with a bril-
liant white light, inclining to blue, and fringed
with red. For the distinct appearance of these
colors it is essential to make the contacts with
the metal; for, if charcoal be used, the brilliant
white light it evolves absorbs the colors pro-
duced by the combustion of the metals.

225, If a fine iron wire be connected with
one extremity of a powerful battery, and its end
be brought to touch the surface of some quick-
silver connected with the other extremity, a vivid
combustion both of the wire and the quicksilver
results, and a very brilliant effect is produced.

226. If a fine iron wire of moderate length
be made the medium of connexion between the
extremities of the battery, it becomes ignited,
and may be fused into balls; or if a platina
wire is employed, it may be kept at a red, or
even white, heat, for a considerable length of
time ; which seems to prove that some power
is continually eirculating through it; but how-
ever erful the battery, wires are never dis-
persed by ity as they are by the action of a
charged surface.

227. If the slender wire be inserted in any
fluid, and then introduced into the Voltaie cie-
cuit, the fluid may be made to boil,

228, It haz been noticed, that, if any two
wires of different thicknesses are taken, on either
of which a certain battery can produce ignition,
a greater length of the thickest wire will he
ignited than of that which is thinner. This
effect may probably arise from the cooling in-
fluence of the air, for the surface of the thin
wire is most extensive in proportion to its quan-
tity of metal ; and that the surrounding medium
has an influence on the degree of ignition may
be proved by another experiment.

229. Stretch a fine wire of platina, within-
side a glass receiver, placed upon an air-pump,
so that the air surrounding the wire may be re-
moved or restored at pleasure, Ignite the wire
to a dull red heat, by connecting its opposite
extremities with the wires from a Voltaic bat-
tery, of sufficient power for that purpose.
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Rarefy the air by the action of the pump; and
as the mﬂm:ﬁn proceeds, the igni:tiunFuf the
wire will become more vivid, unnl at length it
obtains a glowing white heat. Admit air into
the receiver, and the wire will lose its intense
heat, and appear more dull than at first. Rarefy
the air again, the ignition will increase. Restore
it to its oniginal density, it will agam diminish.
‘These effects may be repeated many times, and
will maintain the same proportion to each other,
though they are less intense at each repetition.

230. The power of a Voltaic. apparatus in-
creases with the number of plates it contains,
within certain limits, but the limit is different
for the various effects it produces, and varies
also with the manner of employing the appa-
riatus,

231. The effects have been stated by Volta to
be in the simple ratio of the numbers, but very
limited series only had been put together at the
time this statement was made, and there appears
to be a loss of power when very extensive ar-

ments are employed. The pure electrical
effects, and the foree of the shock, are found to
increase with the number, and an arrangement
of 1500 may be employed. The power of che-
mical decomposition, and transfer, also continues
to increase with the number when the battery is
excited by dilute acid ; but, if it be charged with
river water, the er does not increase after
400 or 500 plates. The powers of ignition have
increased in exact proportion to the numbers
within the limit nF 100 plates, beyond that
limit there appears to be a loss of power; for
Sir H. Davy found that 100 plates ignited three
inches of platina wire, one-seventieth of an
inch diameter, and 1000 similar plates, charged
in the same way, ignited only thirteen inches.

232. The French chemists have investigated
the ratio of increase for different numbers of
])I:wes. as indicated by the quantity of gas
iberated by the decomposition of water; and
they announce that the increase is as the cube
root of the number of plates. The apparatus
they employed, was arranged in the form of
troughs of a particular construction, being part
of a large apparatus constructed by order of the
French government. Sir H. Davy states, that
he has made similar experiments with the large
combination of porcelain troughs, employed in
the Royal Institution, and the results he ob-
tained indicate an increase nearly as the squares
of the numbers.

233. The result of every experiment of the
kind must be uncertain )i-gn series of minute
attentions are not observed, which appear to
have been overlooked in those already instituted.
The vessels employed for the decomposition
should be of the same size and form ; the wires
of the same length and thickness, and placed at
equal distances from each other, in a fluid of
uniform conducting power.

234. When the size of the plates is inereased,
their effects on perfect conductors, such as
metals, charcoal, and strong acid solutions, are
xﬂy augmented ; but their action on imper-

conductors, as water, and various weak
saline solutions, remains unaltered. If a bat-
tery, for instance, of thirty pairs of plates of
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two inches square, be m::FaM with another
battery of thirty plates, of six inches square,
charged with diluted acid of the same strength ;
there will be no material difference in the shock
they produce, or the quantity of water they de-
compose in a given time ; but the small battery
will not melt wire, or burn metals, and wall
scarcely produce a spark between two puinis of
charcoal ; whilst the large battery will evolve a
brilliant hight between the charcoal points,
deflagrate metallic leaves with rapidity, and
ignite several inches of wire.

235. This remarkable fact, which appears to
have been first noticed by the French chemists,
is susceptible of some explanation (on the
supposition that the phenomena are electrical).
If a Leyden jar, for instance, having a square
foot of coated surface, be applied to an electrical
machine with another jar, whose coated surface
i3 equal to four square feet ; after a certain num-
ber of turns. of the wachine, they will both be
charged, and to the same intensity, for they will
equally affect an electrometer. Bur the large
Jar will contain four times the quantity of elec-
tricity that the small one does, and will fuse
sixteen times the quantity of wire.

236. Now, suppose an imperfect conductor,
capable of transmitting only such a quantity of
electricity as is adequate to the charge of half a
square foot ; and it is obvious either of the jars
before mentioned would produce the same effect
on such a substance ; for they both contain more
than it can transmit, and its conducting power,
which remains the same in both cases, limits the
effect that can be produced by either. It is
consequently found, that, if seveml different
sized jars are charged to the same degree, the
shock is nearly equally painful when rveceived
from either of them.

237. Mr. Cavendish has stated, that ‘iron
wire conducts 400,000,000 times better than rain
or distilled water; that is, the electricity meets
with no more resistance in passing through a
piece of iron wire 400,000,000 inches long, than
through a column of water of the same diameter
only one inch long. Sea water, or a solution of
one part of salt in thirty of water, conducts 100
times, and a saturated solution of sea salt about
720 times better than rain water.,” It is there-
fure probable, that the power excited by a Vol-
taic apparatus, with plates of two inches square,
is in quantity equal or superior to the conducting
capacity of most aqueous fluids, and conse-
quently no increased effect ean be produced on
such fluids by larger plates, which increase the
quantity of that power, but not its intensity,
But if a conductor be presented to the large
plates, which is capable of receiving the increased
quantity I'urnishedll, the effect must necessarily he
greater on such conductors, in proportion to the
increased impulse it may be aufpnsed to re-
ceive. These facts are capable of easy illustra-
tion.

238. Let two wires, proceeding from the ex-
tremities of a battery afpﬁﬁ.}' or 100 plates of
two inches square, be plunged in separate glasses
of water, if the glasses are connected by putting
a finger into each of them, a shock will be felt
at the moment of contact. Connect the water
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in the glasses by some fibred of moistened cot-
tom, or by an i:gerled syphon filled with water ;
on repeating the contact with this arrangement,
either no shock, or a very slight one will be felt.
Make a similar experiment with another battery
of the same extent, but with plates of six inches
square. The shock will be nearly as great when
the glasses are connected by moistened fibres,
as when no connexion exists between them; and
whilst the eircuit exists through the moistened
fibres, and the human body, if a third circuit be
formed through a fine wire, several inches of it
may be ignited. The imperfect conductors
being incapable of conducting more than a
small portion of the power excited by the large
ates.

: 239. Whatever be the cause of the power of the
Voltaic apparatus, the quantity of I.Imldpm‘-'ur ex-
cited by any given number of plates under similar
circumstances, will be in direct proportion to
the size of the plates ; and if the power be elec-
tricity, or should obey the same law that operates
with charged surfaces, the comparative action of
different sized Dbatteries, containing the same
number of plates, should be, with regard to their
power of igniting wire, in the proportion of the
square of the increased surface; thus if two
batteries are taken, one containing fifty plates of
twenty square inches surface, and the other
fifty plates of forty square inches, the latter
ought to ignite four times the length of wire
the former can ignite. From some experiments
with plates of four inches square, and others
with plates of eight inches square, made many
years since, it has been stated by Dr. Wilkinson,
* that the power of ignition, in batteries of the
same total surface, but with plates of different
sizes, increases in the proportion of the squares
of the surfaces of the elementary plates, singly
taken in each.’ It was afterwards shown by Mr.
Harrison of Kendal, that when the total surfaces
are not equal, the rate of ignition must be as the
sixth power of the diameters of the elementary
slates, or as the cubes of their respective sur-
aAces.

240. It appears also from some experiments
with large plates, mentioned by Sir H. Davy, that
the power of ignition, for equal number of plates,
probably increases in a higher proportion than
the squares of their surfaces ; for twenty double
plates, each exposing a surface of eight square
feet, ignited more than sixteen times as much
wire as twenty double plates, having each a sur-
face of two square feet.

241. Several curious galvanie experiments
and observations have been published by M.
Bichat, author of a very celebrated work on
anatomy. In speaking of the influence of the
destruction of the brain on that of the heart,
after having proved, conformably to observation
and experience, that it 15 not immediatel the
interruption of the cerebral action that the heart
ceases to act, he confirms this fundamental datum
of physiology and pathology, by a series of gal-
vanic experiments, which demonstrate that the
heart is in all cases independent of the brain.

242, ¢ These experiments,” he ohserves, S werne
made by me with the most serupulous attention,
because several very respectable authors have
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recently advanced an opinion contrary to mine
and have endeavoured to prove that the heart,
together with the other muscles of organic life,
do not_differ, as to their susceptibility to the
galvanic influence, from the different muscles of
animal life. I shall begin by a detail of the ob-
servations I have made on animals with red and
cold blood.

243. (1) *In several experiments made on
frogs, I coated the brain, on the one hand with
lead, and the heart and muscles of the inferior
extremities, on the other, with a long lamina of
zinc, the upper end of which touched the heart,
and the lower end the muscles. Having, by the
means of silver, established a communication
between the coatings of the museles and those of
the brain, the movements of the limbs constantly
followed ; but I could not perceive any accele-
ration in the contractions of the heart, when it
still continued to beat; and, when its action had
entirely ceased, it did not display the smallest
movement. Whichever may the voluntary
muscle that is coated at the same time with the
heart, with a view to a comparison of the phe-
nomena they exhibit at the moment of the
metallic communication, there is constantly a
marked and decided difference.

244. (2.) ¢ In the case of other frogs, | coated,
with a common metallic wire, on the one hand,
the cervical part of the spinal marrow, in the
upper region of the heart, to the end that the
coating might be above the part where the nerves
which proceed from the great intercostal nerve,
and thence to the heart, originate ; and, on the
other hand, the heart, and any one of the volun-
tary muscles. [ constantly noticed a result
similar to the one which attended the preceding
experiment, whenever the communication was
established. There were invariably violent agi-
tations in the voluntary museles, without any
visible alteration in the contractile movements
of the heart.

245. (3.) ‘I endeavoured to denudate the
nerves which lead to the heart of frogs. Several
grayish filaments, scarcely perceptible, with the
nature of which I must acknowledge I am not
positively acquainted, were coated with a me-
tallic substance, at the same time that the heart
was made to rest on a substance of a similar
nature, When the communication was estab-
lished by the means of a third metal, not the
smallest sensible effect was to be perceived.’

246. Dr. Wilson Philip has made some
curious experiments on the influence of the
Voltaic battery in obviating the effects of the
division of the eight pairs of nerves. In some
experiments in which the nerves of the eighth
pair were divided in the neck of a rabbit, and
the ends not displaced, and the animal was
allowed to live some hours, it was found that food
swallowed immediately before the division of
the nerves, was considerably digested, even when
the divided ends of the nerves had separated
to hlhE distance of a quarter of an inch from each
other.

247. TIn other experiments in which, after the
division of the nerves, the divided ends had been
turned completely :‘;w-:]én from each other, little
or no perfectly digesied foad, when the animal
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was allowed to live some hours, was found in
the stomach : and the longer the animal lived,
the smaller was the proportion of digested food
in the stomach, the great mass having the ap-
pearance of masticated food, which was not
sensibly lessened in quantity, however long the
animal lived. 1In an experiment in which, under
some circumstances, the stomach was exposed,
from the time of the division of the nerves, to
the influence of a Voltaie battery sent through
the lower portion of the divided nerves, its con-
tents were apparently as much changed as they
would have been in the same time in the health

animal. The change was also of the same kind,
the contents of the stomach assuming a dark
color, and those of the pyloric end being more
uniform, and of a firmer consistence than those of
the central and cardiac portions of the stomach,
while the whole contents became less in quantity.

248. The division of the nerves, in both ways,
produced difficulty of breathing and efforts to
vomit ; neither 11{ which occurred, when the
stomach and lungs were brought under the in-
fluence of a Voltaic battery, sent through the
lower portion of the divided nerves,

249. When, under the foregeing ecircum-

- stances, the lungs had not been exposed to the
Voltaic influence, and the animal had been al-
lowed to live for five or six hours, they were
found much affected : in the rabbit which had
been submitted to this infloence, they seemed
quite healthy.

250. Anaccount of some very interesting expe-
riments performed by Dr. Ure, on the body of a
eriminal executed in the north, was read before
the Glasgow Literary Society. The paper com-
mences with some appropriate general physiolo-
gical views relating to the application of galva-

nism, in which the author notices particularly
the researches of Dr. Wilson Philip on the
relation between Voltaic electricity and the phe-

nomena of life. The author gives the following
detail of his experiments.

251. ¢ The subject of these experiments was a
middle-sized, athletic, and extremely muscular
man, about thirty years of age. He was sus-
pended from the gallows nearly an hour, and
made no convulsive struggle after he dropped ;
while a thief executed along with him, was vio-
lently agitated for a considerable time. He was
brought to the anatomical theatre of the Univer-
sity of Glasgow in about ten minutes after he
was cut down. His face had a perfeetly natural
aspect, being neither livid por tumefied; and
there was no dislocation of his neck.

252. ¢ Dir. Jefirey, the distinguished professor of
anatomy, having on the preceding day requested
me to perform the galvanic experiments, I sent
to his theatre with this view, next morning, my
minor Voltaic battery, consisting of 270 pairs of
four-inch plates, with wirez of communication,
and peinted metallic rods with insulating handles,
for the more commodious application of the
electric power. ~ About five minutes before the
police officers arrived with the body, the batte
was charged with a dilute nitro-sulphuric acid,
which speedily brought it into a state of intense
action. The dissections were skilfully executed
by Mr. Marshall, under the superintendence of
the professor.
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253. ¢ Experiment L—A large incision was made
into the nape of the neck, close below the oceiput.
The posterior half of the atlas vertebra was then
removed by bone forceps, when the spinal marrow
was brought into view. A considerable incision
was at the same time made in the left hip, through
the great gluteal musele, 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 I:mtt-erf WAS ThW pln-cl:'d in
contact with the spinal marrow, while the other
rod was applied to the sciatic nerve. Ewvery
muscle of the body was immediately agitated
with convulsive movements, resembling a violent
shuddering from cold. The left side was most
powerfully convulsed at each renewal of the
electric current.  On moving the second rod
from the hip to the heel, the knee being pre- .
viously bent, the leg was thrown out with such
violence as nearly to overturn one of the assis-
tants, who in vain attempted to prevent its exten-
siom.

254. ¢ Experiment II.—The left phrenic nerve
was now laid bare at the outer edge of the sterno-
thyroideus musele, from thrée 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 fu:m'er along it, that the respiratory
process would be renewed. Aeccordingly, a
small incision having been made under the car-
tilage of the seventh rib, the point of the one
insulating rod was brought into contact with the
great head of the diaphragm, while the other
point was applied to I.!'le phrenic nerve in the
neck.  This muscle, the main agent of respira-
tion, was instantly contracted, but with less Fun:r:
than was expected. Satisfied, from ample expe-
rience on the living body, that more powerful
effects can be produced in galvanic exciwation,
by leaving the extreme communicating rods in
close contact with the parts to be operated on,
while the electric chain or cireuit 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 steadily immersed in the last
cell of the opposite pole, [ had immediate re-
course to this method. The success of it was
truly wonderful.  Full, nay laborious breathing
instantly commenced. The chest heaved, and
fell; the belly was protruded, and again eol-
lapsed, with the relaxing and retiring diaphragm.

This process was continued, without interruption,

as lonz as I continued the electrie discharges.

255. ¢ In the judgment of many scientific gentle-
men who witnessed the scene, this respiratory ex-
periment was perhaps the most striking ever made
with a philosophical nprpamlus. 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 the
blood, the essential stimulus of that organ, this
phenomenon might also have oceurred.

256. ¢ Expeniment 111 —The supra-orbital nerve
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was laid bare in the forchead, as it issues through
the supra-eiliary foramen, in the eye-brow: the
one eonducting rod being applied to it, and the
other 1o the heel, most extraordinary grimaces
were exhibited every time that the electric dis-
charges were made, by running the wire in my
hend along the edges of the last trough, from
the 220th to the 227th pair of plates; thus fifty
shocks, each greater than the preceding one, were
given in two seconds: every muscle in his coun-
tenance was simultaneously thrown into a fearful
action; rage, horror, despair, anguish, and
ghastly smiles, united their hideous expression in
the murderer’s faee, surpassing far the wildest
representations of a Fuseli or a Kean. At this
period several of the spectators were forced to
leave the apartment from terror or sickness, and
one gentleman fainted.

257. ¢ Experiment [V.—The last galvanic ex-
periment consisted m transmitting 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 f]:.:;t, found the hand to open
forcibly, in spite of his efforts.  When the one
rod was applied to a slight incision in the tip of
the fore-finger, the fist being previously clenched,
that finger extended instantly; and, from the
convulsive agitation of the arm, he seemed to

int to_the different spectators, some of whom

pught he had come to life !’

258. An hour was spent in these experiments,
when an experiment was made with the view of
determining the quantity of residual air in the
!m’;gsj after the detail of which, the author pro-
ceeds as follows,

259. “In deliberating on the above galvanic
henomena, we are almost willing to imagine,
ify without eutting into and wounding the
spinal marrow and blood-vessels in the neck, the
ulmonary organs had been set a-playing at first
FES I myusﬁi by electrifying the phrenic nerve
{which may be done without any dangerous in-
cision), there is a probability that life might have
been restored.  This event, however little desi-
rable with a murderer, and perhaps contrary to
law, would yet have been pardonable in one in-
stance, as it would have been highly honorable
and useful to science. From the accurate ex
riments of Dr. Philip, it appears that the action
of the diaphragm and lungs is indispensable
towards restoring the suspended action of the
heart and great vesséls, subservient to the cireu-
lation of the blood.

260. ‘It is known that cases of death-like
lethargy, or suspended animation from disease
and accidents have oceurred, where life has re-
turned, after longer interruption of its functions
than in the subject of the preceding experiments.
It is probable, when apparent death supervenes
from suffocation with noxious gases, &e., and
when there is noorganic defect, that a judiciously
directed galvanie experiment will, if any thing
will, restore the activity of the vital functions.
The plans of administering Voltaic electricity
hitherto pursued in such case, are, in my humble
apprehension, very defective. No advantage, we
perceive, is likely to accrue from passing electric
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discharges across the breast, directly through the
heart and lungs.  On the principles so well de-
veloped by Dr. Philip, am] now illustrated on
Cl_vtﬂdalues body, we should transmit along the
channel of the nerves, that substitute for nervous
influence, or that power which may perchance
awaken its dormant faculties. Then, indeed,
fair hopes may be formed of deriving extensive
benefit from galvanism ; and of raising this won-
derful agent to its expected rank, among the mi-
nisters of health and life to man.

261. ¢ I would, however, beg leave to suggest
another nervous channel, which T conceive to be
a still readier and more powerful one to the action
of the heart and lungs than the phrenic nerve.
If a longitudinal incision be made, as is frequently
done for aneurism, through the integuments of
the neck at the outer edge of the sterno-mastoi-
dens muscle, about half way between the claviele
and angle of the lower jaw; then, on turning
over the edge of this muscle, we bring into view
the throbbing Earmid, on the ::iuuitlf: of wlnich the

r vagum an t & thetic nerve lie to-
g:mﬁn one sim. }'Iflnetne, therefore, they may
both be directly touched and pressed by a blunt
metallic conductor.  These nerves communicate
directly or indirectly with the phrenic, and the
superficial nerve of the heart is sent off from the
sympathetic.

262. ¢ Should, however, the phrenic nerve
be taken, that of the left side is the preferable
of the two. From the position of the heart,
the left phrenic differs a little in its course from
the right. It passes over the pericardium, cover-
ing the apex of the heart.

263,  While the point of one metallic conductor
is applied to the nervous cords above described,
the other knob ought to be firmly pressed against
the side of the person, immediately under the
cartilage of the seventh rib. The skin should be
moistenéd with a solution of common salt, or,
what is better, a hot saturated solution of sal
ammoniac, by which means the electric energy
will be more effectually conveyed through the
cuticle, so as to complete the Voltaic chain.

264. ¢ To lay bare the nerves above described,
requires, as I have stated, no formidable incision,
nor does it demand more anatomical skill, or
surgical dexterity, than every practitioner of the
healing art ought to possess. We should always
bear in mind that the subject of experiment is
at least insensible to pain; and that life is at a
stake, perhaps irrecoverably gone. And assu-
redly, if we place the risk and difficulty of the
operations in competition with the blessings and
g‘lﬂry consequent on success, they will weigh as
nothing with the intelligent and humane. It is
possible, indeed, that two small brass knobs,
covered with cloth moistened with solution of
sal ammoniac, preéssed above and below on the
place of the nerve and the diaphragmatic region,
may suffice, without any surgical operation. It
may first be tried.

265. ¢ Immersion of the body in cold water ac-
celerates greafly the extinction of lifg arising from
suffoeation ; and hence less h need be enter-
tained of recovering drowned persons after a
considerable interval, than when the vital heat
has been suffered fo continue with little abate-
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ment. None of the ordinary practices judicious]
enjoined by the Humane Eracimh alml.{ld ever, uﬁ
such ocecasions, be neglected.  For it is surely
criminal to spare any pains which may contribute,
in the slightest degree, to recall the Aeeting
breath of man to its cherished mansion.”

266. We have hitherto confined ourselves to
the effeets of small batteries, but we must not
omit to notice the powerful Voltaic apparatug
constructed by Mr. Children, as well as the re-
sults obtained by it, or the more portable as well
as powerful arrangement by Mr. Pepys. In the
first of these arrangements, the copper and zine

lates of the apparatus were connected together,
in the usual order, by leaden straps, six feet long
by two feet eight inches broad, each plate pre-
senting thirty-two square feet of surface. All the
plates being attached to a strong wooden frame
suspended by ropes and pulleys, which, being
balanced by counterpoises, was easily lowered
and elevated, so as to immerse the plates in the
acid, or raize them out of it at pleasure. The
cells of the battery were twenty-one in number,
and their united eapacities amounted to 045 gal-
lons. To each pole of the battery a leaden pipe,
about three-fourths of an inch in diameter, was
attached by solder, and the opposite end of each
E;ge immersed in a basin of mercury (a separate
in for each pipe), by means of which the cir-
cuit was completed, and a perfect contact ensured.
The battery was al’terwn:dlg improved at the sug-
gestion of Dr. Wollaston, and the copper coiled
completely round each zinc surface. See fig. 3,
plate I1. The first experiments we shall mention
were made on the comparative facility with which
different metals are ignited when placed in the
electrical circuit. For this purpose, in each ex-
periment, two wires of dissimilar metals were
taken, of equal diameter and length ; one end of
each was in contact with one of the basins of
mercury communicating with the poles of the
battery, and the other end bent to an angle, and
the wires connected continuously by %moking
them together. The length of each wire was
eight mches, and the dizameter one-thirtieth of an
inch. The battery was moderately excited by a
charge of one part acid diluted with forty parts
of water.

267. Experiment I.—A platina and a gold
wire being thus connected, and introduced into
the electrical circuit, the platina was instantly
ignited, the gold remained unaffected.

268. Experiment [[L.—A similar arrangement
of gold and silver wires, The gold was ignited,
the silver not.

269. Experiment II1.—The same with gold
and cop No ible difference in the
state of wgnition ; both metals were heated red.

270. Experiment IV.—Gold and iron. The
iron was ignited ; the gold unchanged.

271. Experiment V.—Platina and iron. The
iron ignited instantly at the point of contact
next the pole of the battery, ﬁen the platina
became ignited through its whole extent.  After
this the iron became more intensely heated than
the platina, and the ignition of the latter de-
ereased

272. +E-:t.'|:p-elt|'i1|1i.lm: VI.—Platina and zinc. The
platina was ignited : the zine was’ not; but
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melted at the point of contact, In a subseguent
experiment, the zine did not melt; but the pla-
tina ignited as before.

273. Experiment VIL.—Zinc and iron. The
iron was ignited : the zinc bore the heat without
fusing.

274. Experiment VIIT.—Lead and 'platina.
The lead fused at the point of contact.

275. ExperimentIX\.—Tin and platina. The
tin fused at the point of contact. Eu igmition of
either wire took place in the two last experi
ments.

276. Experiment X.—Zinc and silver. The
zine was ignited before it melted: the silver
was not ignited.

277. The results in évery case were the same
to whichever pole of the battery either wire was
presented. These experiments were varied by
mtroducing several alternations of different wires

. conlinuously connecled, into the circuit, and

obtained in every instance analogous results.
Thus,

278. Experiment XI.—Alternations of platina
and silver, three times repeated : all the platina
wires were ignited, and none of the silver.

279. Experiment XIIL.—One zinc wire be-
tween two platina : both the platina wires were
ignited, the zine not.

280. Experiment XIII.—One iron between
two platina. Both the latter first ignited ; then
the iron, which soon became fully heated, and
fused.

281. It is unnecessary to enter into a farther
detail of these experiments ; it will be sufficient
to say generally, that when wires of several dif-
ferent metals were introduced at once into the
circuit, the order of their ignition was preeisely
that of the former experiments. In one expen-
ment the copper was decidedly most heated.

282, To explain these phenomena, Mr. Chil-
dren supposes that when a perfect communica-
tion is established between the poles of the
battery, the electricity circulates withont produe-
ing any visible effect ; but, if it meet with resist-
ance in its passage, it manifests itself by ehemi-
cal action, by the evolution of heat, or both.
Thus, if a bar of metal be connected with one
pole of the battery, and its extremity immersed
in a basin of mercury connected with the other
Eule, at the instant the surfaces come in contact,

eat and light are evolved, which cease as soon
as the bar, if it be of sufficient size, is fairly
?Iunge:i beneath the surface of the quicksilver.

f the circuit be completed by two pieces of
charcoal, the evolution of heat and Iig{:t is per-
manent, as long as their surfaces remain in con-
tact, because that contact can never be so per-
fect, as to oppose ne resistance to the electrieity ;
whereas, in the case of the bar of metal and the
mercury, it soon bécomes complete, and the cnr-
rent is then uninterrupted.  Resistance, there-
fore, npgars to occasion the development of
heat (whatever be the ultimate cause of the
phenomenon), and as this must be inversely as
the conducting power, when any two of the
wires conmected continuously are placed in the
circuit, that which is the worst conductor must
be most heated ; and thus platina, having the
lowest conducting power, is ignited before all
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the rest; and silver, which conducts best, is not
heated red when connected with any of the other
metals,

283. The following experiments were made
with the battery in a high state of execitation ;
and Mr. Children considers them as represent-
ing nearly the maximum of effect which it is ca-
pable of producing.  As the quantity of acid
was increased from time to time, and that pre-
viously added often almost spent before fresh
was put im, it i3 not easy to say exactly what

roportion it bore to the water; perhaps the
argest may be stated at about Jith. On this, as
on former occasions, he found a mixture of ni-
trous and sulphuric acids, to produce the most
powerful and permanent effects.

284. Experiment I.—Five feet six inches of
platina wire, 44 of an inch in diameter, were
acated red throughout, visible' in full daylight.

285. Experiment I1.—Eight feet six inches of
platina wire, 4% of an inch in diameter, were
heated red.

286. Experiment ITI—A bar of platina } of
an inch square, and 2§ inches long, was also
heated red, and fused at the l:m;l; amj,

287. Experiment IV.—A round bar of the
same metal, f8: of an inch in diameter, and 2}
inches long, was heated bright red throughout.

288. Experiment V.—Fine points of box-
wood charcoal intensely iguited in chlorine,
ueither suffered any change, nor produced any
in the gas. The result was similar when heated
in azote.

289. Mr. C. next tried the power of the bat-
lElg' to fuse several refractory substances. The
subject of experiment was placed in a small
cavity, made m a piece of well burnt hoxwood
chareoal, floating on the surface of the mercury
in one of the basins before mentioned, and the
circuit completed by another piece of charcoal,
communicating by stout copper wire with the
other basin.

290. Experiment [.—Osxide of tungsten, which
(as well as other metallic oxides operated on)
had been previously intensely ignitegein i char-
eoal erucible, in a powerful furnace, fused, and
was partially reduced. Themetal grayish white,
heavy, brilliant, and very brittle.

201. Experiment [I.—Oxide of tantalum. A
very small portion fused. The grains have a
reddish-yellow color, and extremely brittle.

292. Experiment III.—Oxide of uranium ;
fused, but not reduced.

203. Experiment IV.—Oxide of titanium;
fused, not reduced. When intensely heated, it
burnt, throwing off brilliant sparks like iron.

204. Experiment V.—0Dxide of cerum ; fused,
and when intensely heated it burnt with a large,
vivid white flame, and was partly volatilised,
but not reduced. The fused oxide, on expo-
sure for a few hours to the air, fell into a light
brown powder, containing numerous shining
‘particles of a silvery lustre interspersed amongst
it, and exhaled an odor, similar to that of phos-
phureted hydrogen.

205. Experiment VI.—Oxide of molybdena;
readily fused and reduced. The metal is very
brittle, of a steel gray color, and soon becomes
covered with a thin coat of purple oxide.
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206. Experiment VII.—Compound ore of
iridivm and osmivm ; fused into a globule.

207. Experiment VIII.—Pure iridium ; fused
into an imperfect globule, not quite free from
small eavities, and weighing 7-1 grains. The
metal is white, very brilliant, and in its present
state its specific gravity is 18:68, which must be
much too low, on account of the porous state
of the globule. 1In the Minutes of the Experi-
ments, in July 1813, mention is made of the
fusion of a small portion of pure iridium into a
globule weighing j§ of a grain, which had been
previously submitted to the action of a battery
of 2000 plates, of four inches square, without
melting.

208. Experiment IX.—Ruby and sapphire,
were not fused.

: 299, Experiment X.—Blue spinal ran into a
slag.

300. Experiment XI.—Gadolinite, fused into
globules.

301. Experiment XII.—Magnesia was ag-
glutinated.

302. Experiment XIII.—Zircon from Nor-
way was imperfectly fused.

303. Experiment XIV.—Quartz, silex, and
plumbago, were not affected.

304. In the year 1796 M. Clouet converted
iron into steel, by cementation with the diamond,
with the view of confirming the nature of that
substance, and of ascertaining the exact state in
which carbon exists in steel. Clouet had alzo

eviously formed steel by cementation with car-

onate of lime. Mr. Mushet repeated this ex-
riment, using, instead of the carbonate, caustic
ime, and obtained also what he considered to
be cast steel ; whenee he concluded that the car-
bon necessary to convert the iron into steel had
not been furnished, as Clout supposed, by de-
composition of the carbonie acid, but that it had
found its way from the ignited gasof the furnace
to the iron. This result occasioned suspicions
of the aceu of the deductions from the ex-
periment with the diamond; and Mr. Mushet
accordingly, at the suggestion of the editor of
the Philosophical Magazine, repeated the experi-
ment made at the Polytechnic School, only kee
ing out the diamond. The results (for he made
several experiments), uniformly gave lim good
cast steel, whence he concludes that we are still
without any satisfactory or conclusive proof of
the steelification of iron solely by means of the
diamond ; and adds that he qu 5 whether the
diamond afforded even one particle of carbon to
the iron. The details of both Clonet’s and Mu-
shet’s experiments, may be found in the fifth vo-
lume of the Philosophical Magazine. Sir George
M'Kenzie repeated both results confirming the
conclusions of the French chemist.  The labors
of this gentleman would at first view appear con-
clusive ; but, if a doubt should remain, it oceurred
to Mr. P'epys, that the battery would afford an
experimentum crusis on the subjett; and his in-
genuity readily sugzested a mode of making it,
every way unobjectionable. He bent a wire of
ure soft iran, so as to form an angle in the mid-
le, in which part he divided it longitudinally,
by a fine saw, In the opening, so formed, he
placed diamond powder, securing it in its situa-
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tion by two finer wires, laid above and below it,
and kept from shifting, by another small wire,
bound firmly and closely round them. All the
wires were of pure soft iron, and the f‘m’l con-
taining the diamond powder was enveloped by
thin leaves of tale. HHE arranged, the appara-
tus was placed in the electrical circuit, when it
soon became red hot, and was kept so for six
minutes, The ignition was so far from intense,
that few who witnessed the experiment expected
any decisive result.  On opening the wire, how-
ever, Mr. Pepys found that the whole of the
diamond had disappeared ; the interior surface
of the iron had fused into numerous eavities,
notwithstanding the very moderate heat to which
it had been exposed ; and all that part which had
been in contact with the diamond was converted
into perfect blistered steel. A portion of it being
heated red, and qlungﬂd into water, hecame so
hard as to resist the file, and to scratch glass,
This result is conclusive ; for as the contaet of
any earbonaceous substance, except the included
diamond, was effectually guarded, to that alone
can the change produced in the iron be referred.
This experiment will also probably be deemed
fatal to the opinion of those mineralogists (if any
do stll maintain that npiuifm}, who class the
diamond with substances of the siliceous genus.

305. When dry caustic potassa was exposed
to the intense heat between the two pieces of
charcoal, it fused, and appeared to decompose,

throwing off a large flame of the peculiar purple -

color, that attends the eombustion of potassium.
When moist caustic potassa was placed in the
circuit, the water only was decomposed.

307. The second apparatus was constructed
under the immediate direction of Mr. Pepys for
the London Institution, and the great portability
of this gigantic galvanic spiral gives itan especial
claim to the notice of the scientific world. The
apparatus is shown at fig. 4.

308. The two tubs, T, T, are somewhat larger
than the metallic coil. The one heneath the
weight is intended as a receptacle for water,
while the other is charged with dilnte acid,

309. The spiral M is suspended by a cord,
and halanced by the weight W ; the beam over
which the cord passes being moveable on a cen-

{i3

tral axis at the top of the upright piece of timber.

310, The coil consists of two plates, each fifty
feet in length and two feet in width ; the one cop-

r, and the other zine, making a superficial sur-
ace of 400 feet. They are rolled or wrapped
round a cylinder of wood, with three strands or
ropes of horse-hair hetween each plate, to pre-
vent contact of the metals ; and, to maintain these
in their situation, notched sticks are occasionally
introduced in the rolling. Two conductors of
copper, near three-fourths of an inch in thickness,
are firmly attached to the end of each plate, from
which the power is dispensed upon immersion in
the acid.

311. Rather more than fifty gallons of dilute
acid are requisite to charge the receptacle in-
tended for the metallic spiral ; and, to put the
apparatus in operation, the coil 15 gradually
lowered into the tub beneath, The immersion of
the spiral, however, displaces a certain portion of
water ; so that it is necessary to restore the equi-
librium by withdmwi.ng one of the balance-
weights. In the apparatus actually employed
in the theatre of the London Institution, there is
but one tub employed ; but in the improved
form, represented in the diagram, it may be re-
moved to o vessel of water, and its maximum
effect produced by a subsequent immersion in
the dilute acid.

312, As a mere electrical battery, the effect to
be derived from this pair of plates is compara-
tively small ; but its powers as an agent for illus-
trating the connexion between magnetism and
electricity are truly astonishing.

313. Magnetic needles, placed at a distance of
several feet from the apparatus, were readily put
into motion, and deflected from their previous
position. The most singular phenomenon, how-
ever, which resulted from the series of experi-
ments with this extraordinary instrument, remains
to he noticed :—A spiral of wire was connected
with the two poles of the hattery shown at C, C,
and, being ?In&:d in a perpendicular direction,
a steel cylinder was dropped from the upper end,
and this, instead of obeying the ordinary laws ot
gravitation, was found, after a few gscillations,
to take a position somewhere midway between
the two extremities of the tube,
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314. The connexion between galvanism and
magnetism mnst now he examined. The term
electro-magnetisim has been employed to desig-
nate a science which has originated since the
commencement of the present century, and which
has received no ordinary attention from the con-
tinental philosophers, as well as from these of
our own country. Amongst those who have
done most towards the development of electro-
magnetism, we may especially enumerate M.
Oersted, Sir Humphry Davy, and professor
Barlow, and the latter of these gentlemen has
publizhed a very valuable work illustrative of
the science.

315. M. Oersted, professor of natural philo-
sophy, and secretary to the Royal Society of

Vor, VIIL

Copennagen, was for many years engagea in
encuiries respecting the identity of chemical,
electrical, and magnetic forces ; and, as early as
1807, proposed to try ¢ whether electricity the
most latent had any action on the magnet.” At
that time no experimental proofs of the peculiar
opinions he entertained were known ; but his
constancy in the pursuit of his object, both by
reasoning and experiment, was well rewarded in
the winter of 1819, hy the discovery of a fact o,
which no previous notice had been taken; but
which, when once known, instantly drew the
attention of all those who were at all able to ap.
preciate its importance and value. g
316. M. Qersted’s own account of this disco-
very has heen published in volume x\'ii. of the
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first series of the Annals of l’]lilusuph}'. It is
full of important matter, and comtains in few
words the results of a great number of observa-
tions; and, with his second paper, comprises a
very large part of the facts that are as yet known
relating to this subject.

317. Upon the excitation of the Voltaie appa-
ratus, by the proper arrangement of its plates aund
fluid, it is known that certain powers are given
to its poles or extremities which enable them,
when attached to an electrometer, to show by
their divergence a certain tension of electricity ;
or when connected together by fluids, wires, or
other conducting substances, to decompose or
heat them, These effects have been known for
several years, and are generally attributed to
electricity produced by the apparatus ; the effects
of tension belonging to the insulated state of the
poles; those of decomposition and heating to
their connected state.

318. When the two poles of such a battery or
apparatus are connected by conductors of elec-
tricity, the battery is discharged ; that is, the
tension of the electricity at the poles is lessened,
and that, according as the conducting power of
the substance is more or less powerful. Good
conductors, discharge it entirely and instantly ;
bad conductors with more or less difficulty ; but
as the instrument has within itself the power of
renewing its first state of tenston on the removal
of the condueting medium, and that in a very
short space of time, it is evident that the con-
necting substance is continually performing the
same office during the whole time of its contact
that it did at the first moment, and this whether
it be a good or a bad conductor; and it is also
evident that it must be in a different state in this
situation than when separated from the apparatus.
It is important at present rather to consider the
action of a good conductor in discharging the
battery, as the phenomena to be considered are
in that case more energetic. A metallic wire,
therefore, may be used to connect the two poles;
it will discharge a powerful apparatus; and,
consequently, whatever takes place in the con-
necting medium is here compressed into a very
small place.  Those who consider electricity as
a fluid, or as two fluids, conceive that a current
or currents of electricity are passing through the
wire, during the whole time it forms the con-
nexion between the poles of an active apparatus,
There are many arguments in favor of the mate-
riality of electricity, and but few against it ; but
still 1t is only a supposition; and it will be as
well to remember, while pursuing the subject of
electro-magnetism, that we have no proof of the
materiality of electricity, or of the existence of
any current through the wire.

319. Whatever be the cause which is active
within the connecting wire, whether it be the
passage of matter through it, or the induction
of a particular state of its parts, it produces cer-
tain very extraordinary effects.  If small, it be-
comes heated ; and as the size of the wire is
diminished, or that of the apparatus increased,
the heat rises to an intense degree apparently
without any limtation, except from the influence
of external cirenmstaneces, or the alteration of
the wire. Another effect, and it is that to which
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M. Oersted, here cails attention is, that, if
brought towands a magnetic needle, it has the
power of attracting and repelling it in a constant
manner, and in obedience to certain simple laws,

320. If a magnetic needle be left to take its
natural direction, and then a straight portion of
the connecting wire be brought above it, and
parallel to it, that end of the needle next the ne-
gative pole of the battery moves towards the
west; and that whether the wire be on the one
or the other side of the needle, so that it be
above and parallel to it. If the connecting wire
be sunk on either side the needle, so as to come
into the horizontal plane in which the needle is
allowed to move, there is no motion of the needle
in that plane ; but the needle attempts to move
in a vertical cirele; and but for the imperfect
suspension, and the influence of the earth’s
magnetism, would do so. When the wire i on
the east of the needle, the pole of the needle
next the negative end of the battery is elevated ;
and when on the west of the needle it is de-

ressed. If the connecting wire be now sunk

elow the level of the needle, similar attractions
and repulsions take place, but in opposite direc-
tions to those followed when it is above. The
pole of the needle opposite the negative end of
the battery now moves eastwards, whatever the
position of the wire, so that it be restricted as
above, '

321, That these positions of the magnetic
needle may be retained with more facility in the
memory, professor Oersted pmtosed the following
formula: *The pole above which the negative
clectricity enters is turned to the west; under
which, to the east.’

322. M. Oersted subsequently pointed out,
what it is easy to see from the above experiments,
that the movement of the needle took place in a
circle round the connecting wire; and though,
in the dcs::rn':fl:ﬁiun of his first experiments,
the quantity of declination given to the needle
from the wire is expressed by an angle of so many
degrees, yet it is afterwards stated to vary with
the power of the battery. Whenever the needle
is moved in a horizontal or any other eirele from
the position it naturaily assumes, the power of
the earth over it tends to restore that position,
and i3 consequently an active force in the pre-
sent instance opposed to the power of the con-
necting wire; it therefore lessens the declination
the needle would otherwise have. Also when
the wire is brought into the same horizontal circle
with the needle, its effect over it is shown by the
elevation and depression of its opposite ends ;
and it is the mode of suspension combined with
the earth’s magnetic power that prevents it from
traversing in a vertical circle. But if those inter-
f-:riug circumstances be removed, viz. if the sus-
pension be such as to allow of free motion to the
needle in every direetion, and the earth’s mag-
netism be rendered null, or counteracted either
by the position of the needle, or by the vicinity
of another magnet, then a much simpler idea of
the relative movements of the wire and needle
may be obtained.

323. It is not, perhaps, easy to obtain this
perfect state of apparatus, but it is not diffienit
s0 Lo arrange it as to examine the movements first



ELECTRO-MAGNETIS -

in one direction, and then in another. It will
then be found, if the connecting wires of a
sufficiently powerful apparatus be placed near a
magnetie needle so0 as to near ils centre,
that the needle will arrange itself directly across
the wire, whatever the previous position of the
two; that if the wire be carried round the centre
of the needle, or the centre of the needle round
the wire, the same relative ition of the two
will continue ; and that the direction of the needle
across the wire is not indifferent, but has its poles
always in a constant position to the poles of the
battery. If the positive pole of a hattery be on
the right hand, and the negative pole on the left,
and a wire be stretched between, connecting
them, then a needle above the wire will point
the north pole from, and the south towards s ; or
if below, the south pole from, and the north
towards the experimenter. See fig, 5, plate II.

324. If the connecting wire and the needle be
represented by two small rods named aceord-
ingly, and fastened permanently together, then
they will represent the wire and the needle in all
positions ; for, however one be placed, the other
will correspond with it : or if, on the under side
of a small square piece of glass, a line be drawn
from top to bottom, the upper end being called
negative, and the lower positive; and on the
upper surface a line be drawn from left to right,
the left termination being named south, the right
north ; then the lower line will always represent
the connecting wire, and the upper the needle.
Fig. 6.

%25. The needle and wire being in this posi-
tion, if the wire be moved along the needle to-
wards either extremity, strong attractions will
take place between it and the Fol&, notwithstand-
ing the same part of the wire be employed ; and
the poles in the two positions are contrary to each
other. In this case it appears that the same

int in the wire *has the power of attracting

oth the north and south pole of the needle. I
while the wire is thus situated near the end of
the needle, the latter be turned round, so that
the pole before there be replaced by the oppo-
site pole, strong repulsions will take place; and
that to whichever pole the wire has in the first
instance been carried, so that the same point
which'before attracted both poles will now repel
them both, If, when the wire is near the extre-
mity of the needle where the atiraction is
strongest, it be moved round the end so as o go
feom one side o the other, keeping the same
point constantly towards the needle, its attractive
power over the needle will he found to increase
as it approaches the end, but remains on one side
of it; will diminish as it turns the end ; will he-
come null when exactly opposed to the pole;
and, as it passes on the other side, will resume
repulsive powers, which will he strongest at the
extremity of the pole on the opposite side to
where the wire was situated at first. Fig. 7.

326. In all these cases the positions assumed
by the wire and needle, whether the result of at-
traction or repulsinn, are the same as those be-
fore described, except that the wire is now near
the end of the needle instead of the middle ;- and
it will be fonnd that all the attractions and re-
pulsions may be reduced 1o four positions of the
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needle to the wire, in which it forms tangents
with it. In fig. 8, the north pole ; in fig. 9, the
south pole ; if in either of them the poles of the
needle be reversed, the tangents remaining in
the same direction, repulsion will take place.
Hence it is easy to see how any individual part
of the wire may be made attractive or repulsive
of either pole of the magnetic needle by mere
change of pusition.

327. The magnetic property does not depend
upon the metal employed or its form, but is ex-
erted by any of them which forms the circuit
between the poles: even a tube filled with mer-
cury is effectual : the only difference is in the
quantity of effect produced. It continues also,
though the conductor be interrupted by water,
unless the interruption be of great extent,

328. The magnetic influence of the wire ex-
tends through all sorts of substances, and aets
on the needle beyond, just as in cominon mag-
netism. It does not act on needles of brass,
glass, or gum lac,

329. In a second paper on this subject, M.
Oersted shows that not intensity, but quantity, is
wanting in the Voltaic apparatus, to produce
this eflect most eminently. .\ single galvanic
arc is suflicient for the purpose. A plate of zine,
six inches square, placed in a trough of copper,
filled with diluted acid, enabled the wire which
connected the two metals to act powerfully ; and,
with a similar arrangement, the zinc plate having
a surface of 100 square inches, an effect was

roduced on the needle at the distance of three
eet.  He also, in this paper, describes the con-
struction of a Voltaic combination so light, that
being suspended, it moved on the approach of a
magnet: the motions were in accordance with
what has been said, and may easily be con-
ceived.

330. The results obtained by M. Ocrsted were
immediately m}mu-:l and contirmed by a great
number of philosophers in various places. OF
these no one was more active than M. Ampere,
in varying experiments, making new ones, and
applying to them the most judicious theory.

331. The facts discovered by M. Ampere,
though wot numerous, are of great importance.
He described an experiment, proving that the
Voltaic pile itself acted in the same manner as the
wire, connecting its two poles; and constructed
an instrument which, at the same time that
it proved this action, was found to be of
great use in experiments on currents of elec-
tricity. This was merely a magnetic needle,
but from the uses to which it was applied
was ealled a galvanometer. When placed near
a pile, or trough, in action, having its poles
connected either by a wire, or by introducing
them into one cell, it immediately moved, be-
coming ohedient to the battery in the same
manner as to the connecting wire ; and the mo-
tions were such as if the battery were simply a
continuation or part of the wire. In consequence
of this action, the needle hecomes an instrument
competent to indicate that state of an active Vaol-
taic pile, and the wire connecting it, which is
supposed to be occasioned by enrrents of elec-
tricity, and in which only, magnetism. has ye
heen most perfectly discovered, .
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332. M. Ampere also announced the fact of
ne attraction and repulsion of two wires con-
necting the poies of a battery ; and showed, that
the magnetic needle, which had previously been
used to prove the magnetic attractions and re-
pulsions of the wire, could be replaced by ano-
ther connecting wire like the first. This disco-
very seemed 1o liberate the phenomena of mag-
netism from any peculiar power resident in the
‘magnet, and to prove its production by electri-
city alone. 'When by Oersted’s discovery it had
been shown that a wire connecting the poles of
a Voltaic battery would act on a magnet, attract-
ing and repelling it, just as another magnet would
do, it was fair to assume that the wire possessed
the powers of the magnet it supplied ; and when
the second magnet was replaced by another con-
necting wire, as in Ampere’s experiment, and
‘the powers and actions still remained as before,
it was perfectly correct to consider these powers
and actions as magnetical ; so that it became
evident that magnetism conld be exerted inde-
pendent of magnets, as they are usually called,
and of any of the means of excitation usually
employed, but wholly by electricity, and in any
good electrically conducting medium.

533, The phenomena with two conductors
situate between the poles of the battery are as
follows :—When they are parallel to each other,
and the same ends of them are similarly related
to the battery ; viz. when the supposed currents
existing in them are in the same direction, then
they attract each other ; but if the opposite ends
be connected with the battery, so that the eur-
rents conceived to exigt in them are in opposite
directions, they repel each other. If also, the
one being fixed the other moveable, the cur-
rents be sent, or the connexions be made, in
opposite directions, then the moveable one will
turn round until they are in the same direction.
The contrast between these attractions and re-
puisions, and those usually called electrical, are
very striking.  The one take place only when the
circuit is completed: the other only when it is
incomplete. . The attractions take place between
the similar ends of the wires, and the repulsions
betwesn the disgsimilar ends ; but the electrical
attractions take place between dissimilar ends,
and the repulsions between similar ends. These
take place in vacuo, but those do not. When
the magnetic attraction brings the two wires
together, they remain in contact; but when
electrical attraction brings two bodies together,
they separate after the contact,

334. These experiments were varied in several
ways by M. Ampere; and the apparatus with
which they were made appears, from the plates
and description published, to be very delicate,
ingenious, and effectual. The general results
drawn up by M. Ampere himself from them
are, (1.) That two electrical currents atiract when
they move parallel to each other, and in the same
direction; and repel when they move parallel to
each other in a contrary direction. (2.) That when
the metallic wires, traversed by these currents
can only turn in paraliel planes, each of the
currents tends to direct the other into a situation
in which it shall be parallel, and in the same
direction. (3.) That these attractions and repul-
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sions are- entirely different from the ordinary
electrical attractions ard repulsions,

335. M. Arago stated to the Royal Academy
of Sciences that he had asceriained the atirac-
tion of iron filings by the connecting wire of the
battery exactly as by a magnet. This fact
proved not only that the wire had the power
of acting on those bodies already magnetised,
but that it was itself capable of developing mag-
netism_in iron that had not previcusly been
magnetised,  When the wire in connexion with
the |!J-D|E'E of the battery was dipped into a heap
of filings, it become covered with it, increasing
its diameter to the size of a goose-quill ; the
instant  the communication was broken at
either pole, the filings dropped off ; and when
it was re-established, they were re-attracted.
This attraction took place with wires of brass,
silver, platina, &e., and was so strong as to act
on the filings when the wire was brought near
them without actual contact. It was shown not
to belong to ani;} permanent magnetism in the
wire or filings by the inactivity of both when
the connexion was not made with the battery;
and it was proved not to be electrical attraction
by the connecting wire having no power over
filings of copper, or brass, or over saw-dust.
When soft iron was fused, the magnetism given
was only momentary ; but on repeating the ex-
periment, with some modification, M. Arago
succeeded completely in magnetising a sewing-
needle ]riunnanentl_f.

336. The theory which M. Ampere had formed,
to account for the magnetic phenomena of mag-
nets by eleetrical powers only, assumed that
magnets were only masses of matter, around
the axes of which electrical currents were moving
in closed curves. This theory led him, when in-
formed by M. Arago of his experiments, to ex-
pect a much greater effect if the connecting wire
were put inte the form of a spiral, and the piece
to be magnetised were placed in its axis. Ac-
cording to the theory, in a needle or magnet,
pointing to the north, the currents were in the
:FPEI part from east to west.  In consequence

these expectations, M. Ampere and Arago
made experiments with spirals or helices, and ihe
resultz are mentioned in M. Arago’s paper, on
the communication of magnetisim to iron filings
in the fifteenth volume of the Anmnales de
Chimie.

337, On twisting a wire round a rod, it may
be made to pass either in one direction or the
other, giving rise to two distinet but symmetri-
cal helices, which have been named by botanists
dextrorsum and sipistrorsum. Though their
diameters be equal, and the spirals which com-
pose them have equal inclinations, yet they can
never be superposed ; for, however they are
turned about, their direction is the same. The
dextrorsum, or, as we may call it, the right helix,
proceeds from the right hand downwards
towards the left above the axis; the tendrils of
many plants exhibit instances of it, and it is
almost exclusively used in the arts: the sinis-
trorsum, or left helix, proceeds from the left
h'rl?id downwards towards the right above the
HE AL

338. Having made some of these helices, one
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was connected by its extremities with the poles
of aVoltaic battery, and then a needle wrapped
in paper placed within it ; after remaining there
. few minutes, it was taken out, and found to
be strongly magnetised ; and the effect of a he-
lix above that of a straight connecting wire was
found to be very great.
339. Then, with regard to the position of the
Eul&s in the magnetised needle, it was found
hat, whenever a right helix was used, that end
of the needle towards the negative end of the
battery pointed to the north, and that towards
the positive end toward the south ; but that with
a left helix, that end of the needle towards the
positive, pointed north ; and the other end south.
340. In order to establish this point, the con-
necting wire was sometimes formed into one
helix, sometimes into two or three, which was
readily done by twisting it round a glass tube,
or rod, first in one direction, then in another ;
and when needles previously enclosed in glass
tubes were then ggaced in these helices, the
maguetic poles they received were always in ac-
cordance with the statement just given. In one
case, also, where the connecting wire had been
formed into three consecutive helices, the middle
one being of course different to the other two, a
single piece of steel wire sufficiently long to pass
through all three of them heing enclosed in a
glass tube was placed within them. On being
again removed and examined, it was found o
have six i]]DlE'S; first, a north pole, a little further
on a south pole, then another south pole, a north
pule, another north pole, and at the further end

a south pole.

341, E[D Boisgeraud read a paper to the Royal
Academy of Sciences, contaming the detail of
numerous experiments, most of which, however,
are variations of (Jersted’s first experiments. lle
remarked, that connecting wires, or ares, placed
any where in the battery, would affect the needle,
a result that follows as a consequence from Oler-
sted’s and Ampere's experiments.  He notices
the difference uFinlensil.}' in the effects produced
when bad electrical conductors were employed
to complete the circuit, a difference which
Oersted himself had pointed out in the case of
water. M. Boisgeraud, however, proposed to
ascertain the conducting power of different sub-
stances by placing them in one of the arcs, cells,
or divisions of the battery, and bLringing the
magnetic needle, or Ampere’s galvanometer,
towards another are, vie. to the wire, or other
connecting body, used to complete the circuit in
the battery. W.th regard to the positions, M.
Boizsgeraud’s notices of the needle and wire, they
are all confirmatory of Oersted’s statements.

342, M. Ampere read another memoir on the
phenomena of the Voltaic pile, and on the me-
thed he intended to pursug in cﬂiﬂulnling the
action of two electrical currents. He also
showed the mutual action of two rectilinear elec-
trical currents ; viz. of two straight portions of
the connecting wires; for it appears that the

henomena of attraction, repulsion, &e., were
rst observed with spiral wires. These actions,
however, are exactly similar; and the view al-
ready given of them, as it relates to straight
wires, is conseauently more simple than the de-
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scription of the effects with spiral wires can be ;
viz. considering it as a matter of experiment only,
and not of theory.

343. In consequence of the view which M.
Ampere had taken of the nature of magnetism
as dependent simply upon currents of electri-
city, it became an important object with him
to ascertain the action of the earth upon such
currents excited by the Voltaic battery; for,
from his theory, he expected that it would be
equally efficient in directing these currents as
in directing those supposed to exist in the mag-
netic needle.  After some trials, he succeeded
in overcoming the obstacles to delicate suspen-
sion, contact, &e., and constructed an apparatts
in which a part of the wire commming the two
Pole:; of a battery was rendered so light and mo-
ile as to move immediately ; the connexion
was completed with the pole, and took a direction
which, with regard to the earth, was always con-
stant, and in accordanee with M.z"s.t‘l‘lpl'.rm’ﬁ tlnmr_r,r,
An account of these experiments, with the appa-
ratus used in them, was read to the Royal Aca-
demy. The first consisted of a wire bent so as
to form almost a complete circle of about sixteen
inches in dipmeter ; the two extremities were
made to approach, and were placed one just be-
neath the other; and being attached to two sieel
points, were eonnected by them with two little ba-
sins of platina containing mercury, fixed soas to
receive them ; only one of the points touched the
bottom of the cup inwhich it was placed ; so that
the friction was scarcely any, and the mercury se-
cured a geod contact. The cups were connected
with other wires that passed off to the Voltaic
battery ; sothat itwas easy tomake this moveable
circle connect either one way or the other hetween
the poles ; and being enclosed in a glass case,
any movement it might receive was readily ob-
served without danger of its resulting from any
other canse than the electric action.

344. When the extremities of this apparatus
were connected with the poles of a battery, the
circle immediately moved, and after some oscil-
lations placed itzelf in a plane perpendicular to
the magnetic meridian of the earth ; and, on every
repetition of the experiments, the same effect
took place. The direction in which it moved
depended upon the way in which the connexion
hag been made with the battery; and if it be
assumed that there is a current passing through
the wire, from the positive to the negative end,
the curve so arranged itself that that current
always passed downwards on the eastern side,
and npwards on the west. This circle moved
round a perpendicular, and, therefore, only re-
presented the direction of the magnetic needle :
m order to represent the dip, a wire was formed
into a parallelogram, and being fixed to a glass
axis was suspended by fine points, and connected
as hefore, s0 a3 to move round a horizontal
axis, then this axis being placed perpendicular
to the magnetic meridian, and the wires being
connected with the poles of a battery, the paral-
lelogram immediately moved towards a position
in the plane perpendicular to the dipping-needle;
when the communieation was hroken, it I‘Etumt‘nl'l
towards its first position ; and when renewed, it
resumed the second, evidemly indicating the
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magnetic influence of the earth over it. In con-
sequence of the dificulty of placing the centre
of gravity in the centre of suspension, and keep-
ing it there, this conductor did not take its posi-
tion exactly in a plane perpendicular to the
di[l]ﬁllg needle, but approached towards it till
in equilibrium between the magnetic and the
gravitating power of the earth.

345. M.M. Biot and Savart read a memoir to
the Academy of SBciences, the object of which
was to determing the law by which a connecting
wire acted on magnetised bodies. Small rectan-
gular plates, or cylindrical wires, of tempered
steel, were made magnetical by the double touch,
and being then suspended by silk-worm threads
were placed in differed positions with, and at
different distances from, the wire connecting the
poles of the battery. The terrestrial magnetism
was sometimes combined with that of the wire,
sometimes opposed to it, and sometimes neu-
tralised by the vicinity of another magnet. The
different positions of equilibrium, and the num-
ber of oscillations of the needles, were then ob-
served, and data gained, by which M.M. Biot
and Savart were conducted to the following re-
sult, which expresses the action exerted by a
molecule of austral or boreal magnetism, placed
at any distance from a very fine and indefinite
cylindrical wire, rendered magnetie by the Voltaic
current.  Let a line pass from this molecule
perpendicularly to the axis of the wire, the force
which draws the molecule is perpendicular to
this line and to the axis of the wire; its intensity
1s reciprocal to the distance. The nature of the
aetion is the same as that of a magnetised needle

laced on the surface of the wire in a direction

eterminate and constant in its relation to the
direction of the Veltaic current; so that & mo-
lecule of boreal magnetism, and a molecule of
austral magnetism, would be drawn in different
directions, though constantly according to the
preceding expression.

346. M. Ampere noticed an effect produced
by the connecting wire bent into a helix. This
may be easily understood from considering that
the direction of the magnetic power is always
perpendicular to the conducting wire. When,
therefore, the conducting wire is parallel to the
axis of the helix, the power iz perpendicular 1o
that axis; when the wire forms a cirele round
the axis, in 2 plane perpendicular to it, the power
i3 in the direction of axis ; but when, as in
the helix, it passes round the axis in a direction
intermediate between parallelism and di-
cularity, the direction of the power is of course in-
clined accordingly. In this case the power may
be considered as composed of two portions, one

rpendicular to the axis, the other parallel to
it. As M. Ampere considered magnets to be
assemblages of currents perpendicular to their
axes, he wished, in his imitation of them, to do
away with that effect due to the extension of the
wire in the divection of the axis of the helix,
and succeeded in this by making the wire at one
end return through the helix g0 as not to touch
it in a.n{epart; for, in this position, its magnetic
effects being contrary to those belonging to the
length of the helix, and alzo near to them, they
neitmmlised or hid each other. An imitation of
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a magnet was made by torming a helix, and
making the wires at the two extremities return
through the centre of the helix half way, and
then pass out upwards and downwards, so as to
form a perpendicular axis on which the whole
might move, The extremity of a battery being
connected with these two ends of the wire, the
helix became magnetical, and was attracted and
repelled by a magnet precisely as a real magnet
would have been.

347. M. Biot's examination of the effects of
magnetism, as impressed by electricity in motion,
is too excellent to be passed unnoticed in our
chronological aceount of discoveries in this
science.

348, * When the electric current, evolved from
a Voltaic battery, is transmitted through .any
metallic bodies whatsoever; it gives them instan-
taneously a magnetic virtue; they become then
capable of attracting soft and unmagnetised iron.
This curious fact was discovered by M. Oersted.
If we expose to these metallic bodies, a magnetic
needle, 1E:y attract one of its poles, and repel the
other, but only relative to the parts of their sur-
face to which the needle is presented. Needles
of silver ot copper are not affected, but merely
those suseeptible of being magnetised. These
effects subsist only under the influence of the
electrieal current.  1f we suspend the circulation
of the electricity, by breaking off the communi-
cations established between the opposite poles of
the Voltaic apparatus, or even if we retard con-
siderably it¢ velocity, by joining its poles with
bad conductors, the magnetic power instantly
ceases, and the bodies which had received it
return to their usual state of indifference,

340. ¢ This <imple sketch already cILtEIaJrn
many new properties. All the processes hitherto
employed to magnetise bodies had produced an
effeet on only three pure metals, iron, nickel, and
cobalt, and on some of their compounds, steel
for example, which is merely a carburet of iron.
Till now it was never possible to render silver,
copper, or the rest of ’3111? metals magnetic. But
the electric current gives all of them this pro-
perty; it bestows it transiently by its presence ;
and, as we shall presently see, it diffuses it
throngh the whole mass, in a manner equally
singular, and which has no resemblance to what
18 produced, when we develope magnetism by
our ordinary processes, which consist i longitu-
dinal friction with magnetic bars.

350. ¢ To produce these novel phenomena in
the simplest manner, we must, with M. Oersted,
establish a communication between the two ex-
tremities of the Voltaic apparatus, by a simple
metallic wire, which may 1!.3 easily directed and
bent in all directions. We place afterwards, in
the neighbonrhood of the battery, a very sensible
magnetic needle, horizontally suspended. As
soon as this is settled in the direction due to the
magnetic force of the terrestrial globe, we take a
flexible ion of the condueting, or conjunctive
wire, as M. Okersted calls it, and having stretched
it parallel to the needle, we bring it gently near
it, either from ahove, from below, from the right,
or from the left. We shall see an immediate
deviation of the needle ; but, what is not the least
remarkable circumstance, the direction of this
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deviation difiers according to the side by which
the conjunctive wire approaches it. Duly to
comprehend this astonishing phenomenon, and to
fix its peculiarities with precision, let us suppose
that the conjunctive wire is extended horizontally
from north 1o south, in the very direction of the
magnetie direction m which the needle reposed,
and let the north extremity be attached to the
copper pole of the trough, the other being fixed
to the zine pole. Imagine, also, that the person
who makes the experiment looks northward,
and consequently towards the copper or nega-
tive pole. In this position of things, when the
wire is placed above the needle, the north pole
of the magnet moves towards the west; when the
wire is Flal.‘ed unﬂem@aﬂ:, the north pnle Moves
towards the east ; and, if we carry the wire to the
right or the left, the needle has no longer any
lateral deviation, but it loses its horizontality.
If the wire be placed to the right hand, the north
pole rises ; to the left, its north pole dips; and
in thus transporting the conjunctive wire all
around the needle, in directions parallel to one
another, we merely present it to the needle, by
the different sidez of its circular contour, without
affecting in the least the proper tendency of the
needle towards the terrestrial magnetic poles.
Since then the deviations observed in these suc-
cessive positions are first of all directed from
right to left, when the wire is above the needle ;
then from above downwards, when the wire is
1o the left; from the left to the right, when the
wire is beneath ; and, finally, from below upwards

when it is to the rizht hand, we must necessarily
conclude from these effects, that the wire de-
ranges the needle, by a force emanating from
itself, a force directed transversely to the length
of its axis, and always parallel to the portion of
its circular contour, to which the needle is oppo-
site. M. Oersted drew this inference from his
first observations.

351. * Now this revolutive character of the
force, and revolutive according to a determinate
direetion, in a medium which like silver, copper,
or other pure metal, seems perfectly identical in
all its , is @ phenomenon very remarkable,
of which we had heretofore only one singular ex-
ample in the deviations which certain bodies
impress on the planes of polarisation of the Tumi-
nous rays. e first fact of the magnetism,
transiently impressed upon the conjunctive wire
by the Voltaie current, might have offered itself
to a vulgar observer. 1 ﬁn mot know whether
some traces of this property may not have been
previously perceived auE indicated ; but to have
recognised this peculiar character of the foree,
and to have delineated it, agreeably to its pheno-
mena, without hesitation and uncertainty, is the
praise which truly belongs to M. Oersted, and
which constitutes a condition entirely new in the
movement of electricity.

352. ¢ As soon as this beautiful discovery was
known in France, England, and Germany, it
excited the most lively sensation among men of
science. One of our colleagues, in particular,
M. Ampere, ardently verified it in all its cir-
eumstances. Seizing with sagacity the revolu-
tive character of the force impressed on the con-
Junetive wire, he directed it with judgment, and
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skilfully developed the consequences which
flowed from rhis property. His researches,
which preceded those of the other French philo-
sophers, have considerably occupied the Aca-
demy ; but as the order of exposition, occasioned
by the mutual dependence of the phenoinena,
hinders me from beginning with them, I have
endeavoured to compensate for this inversion by
rendering justice at once, to labors which have
anticipated and facilitated others.

353. ¢ In the above experiments which M.
Oersted had made, the conjunctive wire is pre-
sented to steel needles, previously magnetised.
It may be asked, if the action then exercised is
proper to the conjunctive wire, as the action of
a bar of steel tempered and magnetised is pro-
per to this bar, or if the action iz communicated
to the wire by the presence of the magnetic
needle, as we see soft iren, which exercises no
magnetic power of itself, acquire transiently
this power in the presence of magnest To
decide thig question 1t was pecessary o EXATI e
whether a body, not magnetic.in itself, but capa-
ble of becoming so by influence, soft iron for ex-
ample, would experience a sensible action at the
n'tvpmach of a conjunctive wire, traversed by the
YVoltaie current, his was effected b}' . J':mf_[n:-,
who showed that filings of iron are attracted by
these wires ; a simple but important fact, which
defines clearly one of the characters of the force
by which the phenomenon is produced.

354. ¢ The first thing whien we must determine,
is the law according to which the force emanat-
ing from the conjunctive wire decreases at dif-
ferent distances from its axis. This enguiry has
been the object of experiments which I made
along with M. Savart, already known to the
Academy by his ingenious discoveries in acous-
tics. We took a small needle of magnetised
steel in the form of a parallelogram, and, to
ensure its - periect mnhij;it].r, we suspended it
under a glass bell, by a single fibre of the silk-
worm, and gave it at the same time a horizontal
direction. Then, in order that it might Le en-
tirely at liberty to obey the force emanating
from the conjunetive wire, we screened it from
the action the magnetism of the earth, by

lacing a magnetised bar at such a distanee, and
n such a direction, that it exactly balanced this
action. Our needle was thereby placed in the
same freedom of movement as if there did not
exist any terrestrial globe, or as if we had been
able to transport ourselves with it to a great dis-
tance in space. We now presented it to a con-
Jjunective cylindrical wire of copper, strételed in
a vertical direction, and to which we had given
such a length, that its extremities necessarily
bent in order to attach themn to the poles of the
electric apparatus, should have, in consequence
of their distance, 20 feeble an action on the needle
that it might be neglected with impunity. This
disposition represented therefore the effect of an
indefinite vertical wire, acting on a horizontal
and indl,!pﬂnder-t magnetic peedle. As soon as
the communication of the Voltaie current wis
completed, the needle turned transversely to the
axis of the wire, conformably to the revolutive
character indicated by M. Oersted ; and it set
itsalf to oscillate arvound this direction, as 2
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elock pendulum, moved from the endicular,
oscillates round the vertical by the effect of gra-
vitation. We counted with an excellent seconds
watch of M. Breguet, the time in which a certain
number of these oscillations, twenty for example,
were performed ; and by repeating this observa-
tion, when the wire and needle were at different
distances, we inferred the decreasing intensity of
the force, precisely as we determined, by the
oscillations of the same pe:llrlulum, the variations
of gravity at different latitudes. We thus found
that the force exercised by the wire was trans-
verse to its length, and revolution, as M. Oersted
hiad observed ; but we discovered besides that it
decreased in a ratio exactly proportional to the
distance. However, the force which we thus
observed was in reality a compound result; for
on dividing in imagination the whole length of
the conjunctive wire, into an infinity of seg-
ments of a very small altitude, we perceive that
each segment ought to act on the needle, with a
different energy according to its distance and
direction. Now these elementary forces are pre-
cisely the simple result which it is important to
know ; for the total force, exercised by the whole
wire, is merely the sum of their actions. Caleu-
lation enables us to pass from this resultant
to the simple action. This has been done by M,
Laplace. He has deduced, from our observations,
that the individual law of the elementary forces,
exercised by each section of the conjunctive
wire, was the inverse ratio of the square of the
distance ; that is, precisely the same that we know
to exist in ordinary magnetic actions. This ana-
lysis showed that, in order to complete the know-
ledge of the force, it remained to determine if
the action of each section of the wire was the
same, at an equal distanee, in all directions ; or
if it was more energetic in a certain direction
than in others. 1 have assured myself by delicate
experiments that the last is the case.

55. ¢ What we now know of the law of the
forces, is sufficient for explaining and conncet-
ing together a multitude of results, of which I
now proceed to indicate briefly some of the most
curious, For example, let us conceive as we
have done above, an indefinite conjunctive wire,
stretched horizontally from south to north.  Let
us present laterally 1o it a magnetic needle, of a
cylindrical shape, and suspended so that it can
take no movement but in the horizontal direc-
tion. For greater simplicity, let us withdraw it
from the influence of the terrestrial magnetism,
by neutralising this influence with the action of
a magnet suitably placed. This being done,
when the needle rests at the same height as the
wire, s0 as to point exactly to its axis, it is
neither attracted nor repelled ; but, if we raise it
above the wire, it presents one of its poles to it,
and makes an effort of approximation.  If, on the
contrary, we sink it below, the needle turns
about, to present its other pole, and is then
attracted anew.  But, if we constrain it to present
the same pole as at ficst, the needle is repelled,
and the effects are precizely inverse on the right
and on the left lmnx of the wire,

356. ¢ If, instead of transmitting the electrical
current across a simple wire, we make it pass
through tubes, plates, or other bodies of a sensi-
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ble hreadih, whose surfices are composed of
parallel rigit lines, we find that all these hodies
act on the magnetic needle, as bundles of wires
parallel to their length would do ; which proves
that the power developed in them by the elec-
trical current is exerted freely through their very
substance, and is not weakened by their interposi-
tion, as the radiation of heat through hot bodies
i enfeebled and intercepted by the interposition
of these very bodies.

357. ¢ Instead of leaving the needle in the
preceding experiment at liberty to move, fix it
invariably, but render the conjunctive wire move-
able, by suspending it on two points ; then itwill
be the latter which will move towards the needle,
or recede from it. In fact, it is a general law of
mechanics, that re-action is always equal toaction.
If the wire attract or repel the needle in certain
circumstances, the needle ought in the same cir-
cumstances to attract or repel the wire. This
experiment belongs to M. Ampere.

358. ‘ Now, let us operate no longer with a
magnetic needle on the wire placed in its posi-
tion of mobility, but let us expose it to the mag-
netie action of the terrestrial globe, which is
known to be perfectly similar to that of a com-
mon magnet whose poles are very distant. This
force will likewise make the conjunctive wire
move according to the same laws, at least if it be
sufficiently freely suspended, and it will impress
on it a determinate direction relative to the plane
of the meridian, just as it would direct any other
magnetic body. This result was realised by
M. Ampere.

359. ¢ Finally, instead of presenting a con-
Junctive wire to & magnet, present two conjune-
tive wires to one another, in parallel positions.
Then if the revolutive direction of the force be
the same for the two wires, they will both con-
cur in giving one direction to a magnetic needle
placed between them ; but, if the direction of
the revolutive movement be opposite’ in each,
they will tend to turn the needle in opposite
directions. These are simple consequences of
the law of the forces. Now, on trying these two
arrangements, M. Ampere has found that in the
first the two wires come together, and that in the
second they mutually repel each other. Thence
we musl make two inferences; first, that the
wires exert on each other actions perfectly analo-
gous to those which they exercise on magnetic
needles: and next that the distribution of these
forces in each of their particles 15 analogous as to
direction, with what it is in magnetic needles
themselves. These two new conditions relative
to the nature of the force, render this experiment
very important.

360. ¢ In the different arrangements which we
have just described, the conjunctive wires and
the magnets attract or repel principally by their
most contiguous parts; for, with regard to the
rest, their distance rapidly diminishes the's
action. Hence it is evident that we should aug-
ment the energy of the effects, if we approximate
together the different parts of the conjunctive
wire, preserving to them, however, the same
general line of action. M. Ampere has also
verified this position, by coiling the eonjunctive
wire in the form of-a flattened spiral, on the
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plane of whose contours he acts with magnets,
as on the side of a single wire.

361. ¢ Among the arrangements which he has
thus formed, one of the most remarkable consists
in winding the conjunctive wire around a cylin-
der of wood or glass, forming an elongated spi-
ral. Then the force emanatung from each point
of the thread, being always directed transversely
to its length, becomes in each element of the
spiral perpendicular to the piace of the coils,
and consequently parallel to the length of the
spiral itself. Farther, on account of the revolu-
tive character of the force, all the inner points of
the different rings exercise, in the interior of tne
apiral, forces wlﬁit:h are equal, and operate in
the same direction: whilst in their action exte-
riorly, the forces emanating from the different
points of each ring, oppose and weaken each
other gently by their obliquity. Thus the result
of all these actions ought to be much more ener-
gelic within the spiral than outside of it; a con-
sequence which actally happens. If we place
in the interior of a spiral, unmagnetic steel
needles, they will acquire in a few instants a
permanent and wvery perceptible longitadinal
magnetism ; whereas, if we place them without
the spiral, they suffer no change. This experi-
ment is due to M. Arago. Sir L. Davy, without
being acquainted with it, has since suceeeded in
magnetising small steel needles, by rubbing
them transversely on a single conjunctive wire,
or even without contact, by placing them at some
distance from it. This process does not differ
from the preceding, except in using the force of
only one wire, a force which the spiral multiplies.

362. ¢ Since the electricity developed by the
friction of our ordinary machines, differs i no
other respect from that evolved from the Voltaie
apparatus, than that the former is retained and
fixed, while the latter is in motion; we find that,
whenever we cause the electricity of our machines
to flow in a continuous current, it has produced
absolutely the same effects as the Voltaic battery,
The similarity, or rather the identity, of these
ivio forms of electricity, is manifested likewise
in the production of the electro-magnetic pheno-
mena. This has been shown by M. Arago, who
transmitted along the spirals of M. Ampere, no
longer the Voltaie current, but a suceession of
very small sparks, drawn from a common elec-
trical machine. Small steel needles, placed in
the interior of these spirals, were thus magnetised
in a few instants, and the direction of their mag-
netic polarity was found to be determined in
reference to the surfaces charged with the resi-
nous or vitreous electricity, precisely as happens
with the copper and zinc poles of the Voltaic
apparatus.’

363. We must now revert to the discoveries
that were rgx::ily Ipmceeding in this country. Sir
Humphry Davy found, in repeating the experi-
ments of M. Oersted with a Voltaie apparatus
of 100 pairs of plates of four inches, that the
south pole of a common magnetic needle placed
under the communicating wire of platinum was
strongly attracted by the wire, and remained
n contact with it, so as entirely to alter the di-
rection of the needle, and to overcome the mag-
netism of the earth.  This he could only explain
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by sui-pm:ing that the wire itself became mag-
netie during the of the electricity through
it, and direct experiments, which were imme-
diately made, proved that this was the case. e
threw some iron filings on a paper, and brought
them near the communicating wire, when nnme-
diately they were attracted by the wire, and ad-
hered to it in considerable quantities, forming a
mass round it ten or twelve times the thickness
of the wire: on breaking the communication
they instantly fell off, proving that the magnetic
effect depended entirely on the passage of the
electricity through the wire. The same experi-
ment was tried on different parts of the wire,
which was seven or eight feet in length, and
about the twentieth of an inch in diameter, and
the iron filings were found every where attracted
by it ; and, making the communication with wires
between different parts of the battery, iron filings
were attracted, angathe magnetic needle affected
in every part of the eircuit.

364. It was easy to imagine that such mag-
netic effects could not be exhibited by the elec-
trified wire without being capable of permanent
communication to steel.  Sir Humphry fastened
several steel needles, in different directions, by
fine silver wire to a wire of the same metal, of
about the thirtieth of an inch in thickness, and
eleven inches long, some parallel, others trans-
verse, above and below in different directions;
and placed them in the electrical circuit of a
battery of thirty pairs of plates, of nine inches
by five, and tried their magnetism by means of
tron filings : they were all magnetic ; those which
were parallel to the wire attracted filings in the
same way as the wire itself, but those in trans-
verse directions exhibited each two poles, which,
being examined by the test of delicate magnets,
it was found that all the needles that were placed
under the wire (the positive end of the batte
being east) had their north poles on the sau:g
side of the wire, and their south poles on the
north side; and that those placed over had their
south poles turned to the south, and their north
poles turned to the north ; and this was the case
whatever was the inclination of the needles o
the horizon. On breaking the connexion, all the
steel needles that were on the wire in a trans-
verse direction retained their magnetism, which
was as powerful as ever, while those which were
parallel to the silver wire ap to lose it at
the same time as the wire itself,

365. He attached small longitdinal portions
of wires of platinum, silver, tin, iron, and steel,
in transverse directions, to a wire of platinum
that was placed in the circuit of the same bat-
tery. The steel and the iron wire immediately
acquired poles in the same manner as in the last
experiment ; the other wires seemed to have no
effect, except in acting merely as parts of the
electrical eireuit; the steel retained its mag-
netism as powerfully after the circuit was broken
as before ; the iron wire immediately lost a part
n:: its polarity, and in a very short time the whele
of it

366. The battery was placed in different di-
reclions as to the poles of the earth; but the
effect was uniformly the same. All needles
placed tiansversely under the communicating
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wires, the positive end being on the right hand,
had their norih poles turned toward the face of
the operator, and those above the wire their
south poles; and on tumning the wire round to
the other side of the battery, it being in a longi-
tudinal direction, and marking the side of the
wire, the same side was always found to possess
the same magnetism ; so that in all arrangements
of needles transversely round the wire, all the
needles above had north and south poles oppo-
site to those below, and those arranged vertically
on one side, opposite to those arranged vertically
on the other side.

367. It was found that contact of the steel
needles was not necessary, and that the effect
was produced instantaneously by the mere juxta-
position of the needle in a wansverse direction,
and that through very thickeh)luttas of glass: and
a needle that had been placed in a transverse di-
rection to the wire merely for an instant, was
found as powerful a magnet as one that had been
long in communication with it.

368. Sir Humphry placed some silver wite of
one-twentieth of an inch, and some of one-fiftieth,
in different parts of the Voltaie eirenit when it
was completed, and shook some steel filings on a
glass plate above them : the steel filings arranged
themselves in right lines, always at right angles
to the axis of the wire; the effect was observed,
though feebly, at the distanee of a quarter of an
inch above the thin wire, and the arrangement
in lines was nearly to the same length on each
side of the wire.

369. He ascertained, by several experiments,
that the effect was proportional to the quantity
of electricity passing through a given space, with-
out any relation to the metal transmitting it:
thus, the finer the wires the stronger their mag-
netism.

370. A zinc plate of a foot long, and six inches
wide, arranged with a nupl'ger plate on each side,
was connected by a very fine wire of platinum ;
and the plates were plunged an inch deep in di-
luted nitric acid. e wire did not sensibly at-
tract fine steel filings. When they were plunged
two inches, the effect was sensible; and it in-
creased with the quantity of immersion. Two
arrangements of this kind acted more powerfully
than one § but when the two were combined, so
as to make the zine and copper plates but parts
of one combination, the efiect was very much
greater. This was shown still more distinetly in
the following experiment :—SBixty zine plates
with double copper plates were arranged in al-
ternate order, and the quantity of iron filings
which a wire of a determmate thickness took up
observed : the wire remaining the same, they
were arranged so as to make a series of thirty ;
the magnetic effect appeared more than twice as
great; that is, the wire raised more than double
the quantity of iron filings.

371. The magnetism produced by Voltaie
electricity seems (the wire transmitting it remain-
ing the same) exactly in the same ratio as the
heat ; and however great the heat of a wire, its
magnetic powers were not impaired. This wos
distinetly shewn in transmitting the electrieity of
twelve batteries of ten plates each of zine, with
double copper armneed as three, through fine

ELECTRO-MAGNETIS M.

platinum wire, which, when so intensely ignited
as to be near the point of fusion, exhibited the
strongest magnetie effects, and attracted large
quantities of iron filings, and - even small steel
needles from a considerable distance.

372. As the discharge of a considerable quan-
tity of electricity through a wire seemed noces-
sary to produce magnetism, it appeared probable
that a wire electrified by the common machune
would not occasion a gensible effect; and this
was found to be the case, on placing very small
needles acrose a fine wire, connected with a
prime conductor of a powerful machine and the
earth. But, as a momentary exposure in a
powerful electrical circuit was sufficient to give
permanent polarity to steel, it appeared equally
obvious, that needles placed transversely to a
wire at the time that the electricity of a common
Leyden battery was discharged through it, ought
10 become magnetic, and this was actually the
case, and according to preeisely the same laws
as in the Voltaic circuit; the needle under the
wire, the Pn-aitive conductor being on the right
hand, uﬂ'enng its north pole to the face of the
operator, and the needle above exhibiting the
opposite polarity.

373. B0 powerful was the magnetism pro-
duced by the discharge of an electrical batte
of seventeen square feet, highly charged, through
a silver wire zrllcrne-hxtmtieth of an inch, that it
rendered bars of steel two inches long, and from
one-twentieth to one-tenth in thickness, so mag-
netie, as to enable them to attract small pieces
of steel wire or needles: and the effect was
communicated to a distance of five inches above
or below, or laterally from the wire, through
water, or thick plates of glass, or metal electri-
cally insulated.

374. The facility with which experiments
were made with the common Leyden hattery,
enabled Sir I-Ium]:.hrjr Davy to ascertain several
circumstances which were easy to imagine, such
as that a tube filled with sulphuric acid, of cne-
fourth of an inch in diameter, did not transmit
sufficient electricity to render steel magnetic;
that a needle placed transverse to the explosion
through air, was less magnetised than when the
electricity was passed through wire ; that steel
bars exhibited no polarity (at least at their
extremities) when the discharge was made
through them, as part of the circuit, or when
they were placed parallel to the discharging
wire ; that two bars of steel fastened together,
and having the discharging-wire placed through
their common centre of gravity, showed little or
no signs of magnetism after the discharge, till
they were separated, when they exhibited their
north and south poles opposite to each other,
according to the law of position.

375. These experiments distinetly showed,
that magnetism was produced whenever concen-
trated electricity passed through space ; but the
precizse eircumstances, or law of its preduction,
were not obvieus from them. When a magnet
is made to act on steel filings, these filings
arrange themselves in curves round the poles,
but divérge in right lines; and in their adherence
to each other form right lines, appearing as spi-
cula.  In the attraction of the flings round the
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wire in the Voltaic circuit, on the contrary, they
form one coherent mass, which would probably
be perfectly cylindrical, were it not for the
influence of gravity. In first considering the
" subject, it appeared to Sir Humphry, that there
must be as many donble poles as there could he
imagined points of contact round the wire; but
when he found the north and south poles of a
needle uniformly attracted by the same quarters
of the wire, it appeared to him that there must
be four principal poles corresponding to these
four quarters. Dr. Wollaston has, however;
pnillt;ll out that there is nothing definite in the
poles; that the phenomena may be explained, by
suppusing a kind of revolution of magnetism
round the wire, depending for its direction upon
the position of the negative and positive sides of
the electrical apparatus.

376. To gmn some light upon this mater,
and to ascertain correctly the relations of the
north and south poles of steel, magnetised by
electricity to the positive and negative state, Sir
Humphry Davy placed short steel needles round
a circle made on pasteboard, of about two ineches
and a half in diameter, bringing them near each
other, though not in contact ; and fastening them
to the pastehoard by thread, so that they formed
the sides of a h n inscribed within the
circle. A wire was fixed in the centre of this
circle, so that the circle was parallel to the
horizon, and an electric shock was passed
through the wire, its upper part being connected
with the positive side of a battery, and its lower
part with the negative. After the shock all the
wires were found magnetic, and each had two
poles; the south pole being opposite to the
north pole of the wire next to it, and vice versa;
and wﬁen the north pole of 2 needle was touched
with. a wire, and that wire moved round the
circle to the south pole of the same needle, its
mation was opposite to that of the apparent mo-
tion of the sun,

377. A similar experiment was tried with six
needles arranged in the same manner, with only
this difference, that the wire positively electrified
was below. In this case the results were pre-
cisely the same, exeept that the poles were
reversed ; and any body, moved in the circle
from the north to the south pole of the same
needle, had its direction from east to west.

378. A number of needles were arranged as
polygons in different circles round the same
piece of pasteboard, and made magnetic by
electricity ; and it was found that in all of them,
whatever was the direction of the pasteboard,
whether horizontal or perpendicular, or inclined
to the horizon, and whatever was the direction
of the wire with respect to the magnetie meridian,
the same law prevailed ; for instance, when the
positive wire was east, and a body was moved
ronnd the cirele from the north to the south
poles of the same wire, its motion (beginning
with the lower of the circle) was from north
to south, or with the upper part from south to
north; and when the needles were arranged
round a cylinder of pasteboard so as to cross
the wire, and a pencil-mark drawn in the direc-
tion of the poles, it formed a spiral.

372 It was perfectly evident from these ex-
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E:rimems, that as many polar arrangements may
formed as chords can be drawn in circles sur-
rounding the wire.

380. Supposing powerful electricity to be

d through two, three, four, or more wires,

ing part of the same circuit parallel to each
other in the same plane, or in different planes, it
could hardly be doubted that each wire, and the
space around it would become magnetic in the
same manner as a single wire, though in a less
degree; and this was found to be actually the
case. When four wires of fine Platinum were
made to complete a powerful Voltaic eircuit,
each wire exhibited its magnetism in the same
manner, and steel filings on the sides of the
wires opposite attracted each other.

381. As the filings on the opposite sides of
the wire attracted each other in consequence of
their heing in opposite magnetic states, it was
evident, that if the similar sides could be brought
in contact, steel filings upon them would repel
each other. This was very casily tried with
two Voltaie batteries, arranged parallel to each
other, so that the positive end of one was o
posite te the negative end of the other. sieel
filings upon two wires of platinum joining the
extremities strongly repelled each other. When
the batteries were arranged in the same onder,
viz. positive opposite to positive, they attracted
each other; and wires of platinum (without
filings) and fine steel wire (still more strongly)
exhibited similar phenomena of attraction and
repulsion under the same circumstances.

382. As bodies magnetised by electricity put
a needle in motion, it was natural to infer that a
magnet would put bodies magnetised by electri-
city in motion, and this was found to be the
l::mdlc Some pieces of wire of platinum, silver,
and copper were placed separately wpon two
knife egges of platinum, unmfmd 1r;i':'.ll'n lwo
ends of a powerful Voltaic battery, and a mag-
net presented to them; they were all made to
roll along the knife edges, being attracted when
the north pole of the magnet was presented, the
Euﬁit.im side of the battery being on the right

and, and repelled when it was on the left hand,
and vice versa, changing the pole of the magnet.
Some folds of gold leaf were placed across the
same apparatus, and the north pole of a power-
ful magnet held opposite to them; the folds
approached the magnet, but did not adhere to it.

n the south pole being presented, they re-
ceded from it.

383. Sir Humphry Davy, in continning his
researches on the magnetic phenomena produced
by electricity, found that these phenomena were
precisely the same, whether the electricity was
small in quantity, and passing through good
conductors of considerable magnitude;  or,
whether the conduetors were so imperfect as to
convey only a small quantity of electricity ; and
in both cases they were neither attractive of
each other, nor of iron filingy, and not affected
by the magnet, and the only proof of their being
magnetic was their oceasioning a certain small
deviation of the magnetised needle.

384. Thus, a large piece of charcoal placed in
the ecircuit of a very powerful baitary, being a
very bad conductor compared with the metals,
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would not affect the compass needle at all, unless
it had a very large contact with the metallic part
of the circmit; and if a small wire was made to
touch it in the circuit, only in a few points, that
wire did not gain the power of attracting iron
filings; though, when it was made to touch a
surface of platinum foil coiled round the end of
tho charcoal, a slight effect of this kind was pro-
duced.  And in a similar manner fused hydrate
of potassa, one of the best of the imperfect con-
ductors, could never be made to exert any at-
tractive force om iron filings, nor could the
smallest filaments of cotton; moistened by a so-
lution of hydrate of potassa, placed in the cir-
cuit, be made to move by the magnet; nor did
steel needles floating on cork on an electrised
solution of this kind, placed in the Voltaie cir-
cuit, gain any polarity; and the only proof of
the magnetic powers of clectricity passing
through such a fluid, was afforded by its effect
upon the magnetised needle, when the metallic
surfaces, plunged in the fluid, were of consider-
able extent. That the mebility of the parts of
fluids did not interfere with their magnetic
wers, as developed by electricity, was proved
y electrifying mercury and Newton's metal
fused in small tuhes. ese tubes, placed in a
proper Voltaic circuit, attracted iron filings, and
gave magnetic powers to needles; nor did any
agitation of the mercury or metal within, either
in consequence of mechanical motion or heat,
alter or suspend their polarity.

385. Imperfect conducting fluids do not give
polarity to steel when electricity is passed
through them; but electricity passed through air
produces this effect.  Reasoning on this pheno-
menon, and on the extreme mobility of the par-
ticles of air, Sir Humphry Davy concluded, as
M. Drago had likewise done from other consi-
derations, that the Voltaie current in air would
be affected by the magnet.

386. Mr. Pepys charped the great battery of
the London Institation, consisting of 2000 double
plates of zine and copper, with a mixture of
1168 parts of water, 108 parts of nitrous acid,
and twenty-five parts of sulphuric acid; the
poles were connected by charcoal, so as to make
an are, or column of electrical light, varying in
length from one to four inches, according to the
state of rarefaction of the atmosphere in which it
was produced ; and a powerfiul magnet being
presented to this are, or column, having its pole
at a very acute angle to it, the arc, or colummn,
was attracted or repelled with a rotatory metion,
or made to revolve by placing the poles in dif-
ferent positions, being re!lel'lm:l when the nega-
tive pole was on the right hand, by the north
pole of the magnet, and attracted by the south
pole, and vice versa.

3687. It was proved by several experiments
that the motion depended entirely upon the mag-
netism, and not upon the electrical inductive
powers of the magmal; for masses of soft i:nn,u['
of other metals, produced no effect,

388. The electrical are, or column of flame,
was more casily affected by the magnet, and its
motion was more rapid when it passed through
dense than through rarefied air, and in this case,
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the conducting medium or chain of aeriform par-
ticles was much shorter.

389. We must now again revert to the conti-
nental phimﬂlphm M. Von Buch, of Utrecht,
while engaged in repeating the experiments of
Oersted and others, obtained results according
with them, except in one instance of difference
with Cersted. M. Oersted says, that ©if the
uniting wire be placed perpendicularly to the
plane of the magnetic meridian, whether above
or below it, the needle remains at rest, unless it
be very near the pole; in that case, the pole is
elevated when the entrance is from the west side
of the wire, and depressed when from the east.”
M. Von Buch puints out that this state of rest
does not continue in two of the four positions of
the wire. When the connecting wire is beneath
the centre of the needle, and the positive cur-
rent is from east to west, the needle remains un-
maoved.  When the current is from west 1o east,
it performs half a revolution. On the contrary,
the connecting wire heing above the current from
east to west, makes the needle turn half way
round ; while that from west 1o east leaves the
needle mnmoved., M. Von Buch conecives the
difference of his results and M. Oersted'’s to de-
pend upon the superior power of his apparatus ;
and indeed it is sufficiently evident that the in-
completeness of Mr. Oersted’s results depended
upon the weakness of his pile. The attractions
and rcll;'mIsiimﬁ, or the elevations and depres-
sions, he speaks of when the wire was brought
near the poles proves the existence of that action
which, in M. Von Buch's experiments, was
strong enough to turn the needle round ; and, if
the position of the wire and needle in these
experiments be compared with the positions
degumfl from M. Oersted’s experiments, it will
be found that, in two of the cases, those pomted
out by M. Von Buch, it was necessary a half
revolution of the needle should take place to
bring it into a state of equilibrium with the
wire in those positions. '

300. M. Von Buch, also, appears to have
ascertained the effect of common electricity in

roducing magnetism without a previous know-
edge of what had heen done by others in that
way, and sueceeded in producing the effect hy a
smaller power than had hefore been used for that
purpese. He found that a strong discharge was
not necessary, nor even a Leyden phial; but,
fixing a helix between the prime conductor of a
machineand another insulated conductor, placing
a steel needle in it, and then drawing sparks
from the latter conductor, the needle became
magnetic. Oune single turn of a machine, with
two discs, eighteen inches in diameter, was suf-
ficient to make the needle evidently magnetic.

301. In Italy, many experiments relating to
magnetism hy electricaty had been made, and
which, though new at the time to those who
made them, had been previously made by others.
A series was made by M.M. Gazzeri, Ridolfi,
and Antinori, at Florence. The results are as
follows: needles placed in helices connected
with the poles of the battery received their full
magnetisation in one minute. Needles on the
outside of the helices would receive no magne-
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tism, unless there was one or more also within,
and then they became magnets with their poles
in opposite directions to the poles of the mner
magnet, The helix was changed into a square
form, by having its wire wrapped round a paral-
lelopiped ; the magnetising effect remained the
same, A needle and a long wire of platina were
wrapped in a sheet of tin-foil, and that part
which contained the needle introduced into a
spiral of copper wire ; the circuit was then made
by the platina wire without the copper spiral ;
being in connexion with either pole, the needle
‘became magnetised. A spiral of copper wire,
with a needle in it, was placed on the surface of
a basin of mercury, and the mercury then made
part of the cireuit : the needle became feebly mag-
netic. Sparks from a common machine, taken
through a helix containing a steel needle, male
the needle magnetic. These philosophers ap-
pear to have found that the connecting wire
placed in other parts of the battery than from
end to end would not magnetise needles. There
was however, probably, some mistake in this.

392. M.la Borne, in repeating Arago's experi-
ments, varied the use of the helix, by making it
of iron, and putting it round the straight wire,
through which an electrical discharge was made.
The helix in this case became the needle to be
maguetised, and it was found to be a strong mag-
met, the poles being in the positions so often re-
ferredto. Such a magnet is flexible and elastie,
and may be doubled, lengthened, or shortened :
on bringing the two poles together, its action on
-a magnetic needle was much diminished.

393. M. Berzelins described an experiment,
which consisted in placing a thin leaf of tin,
eight inches long and two inches wide, parallel
to, and in the plane of, the meridian, and in that

osition connecting it with the elements of a

‘oitaic circle. A magnetic needle brought near
the lower edge of this plate was thrown 20° from
the magnetic meridian. On moving it slowly
upwards, it took its natural position, when level
with the middle of the plate, except that it was
raised at one end, and depressed at the other;
-and, when near the upper edge, it moved 20°
from the magnetic meridian in the opposite di-
rection to what it did below. When the needle
was moved up and down on the opposite side of
the plate, the same deviation and effects took
place, but in opposite directions. A small por-
tion of the upper edge of the leaf was cut, and
turned upwards, forming a projection above the
edge. The needle, brought within equal distance
-of this projection and the edge, was more affected
by the former than the latter,

304. Then, using a square plate of tin, and
forming the connexion at opposite angles, it was
found on examination that the intervening angles
acted more powerfully on the needle than an
other parts—* a circumstance which proves,’ M.
Berzelius says, * that the magnetic polarity of the
current goes 1o opposite extremities, as happens
with electric pl}l'&rll}', and in artificial magnets,

305. The tin band, or leaf, placed iu a hori-
rontal |:t|:.'|.|1el and in the magnetic meridian, acted
on the needle just as a wire would have done.
The greatest deviation of the needle was imme-
diately under or above the middle of the leaf,
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and the edges acted as in the former position.
The positions assumed by the needles in these
experiments was exactly what would be expected.
The experiments received all their interest from
the way in which their maker applied them to
support his partieular opinion, and apart from
that had not much new in them. M. Berselius
thought that a round wire, when made the con-
ductor, presented a more complicated case than
when a square one, or a paralle npiEed, was used.

306, In 1823 a paper was published by Sir
Humphry Davy on the subject of electro-mag-
netism, which 13 of too important a character to
admit of abridgment. He says, ‘ Immediately
after Mr. Faraday had published his ingenious
expeniments on electro-magpetic rotation, | was
induced to try the action of & magnet on mercury
connected in the electrical circuit, hoping that,
in this case, as there was no mechanical sugpen-
gion of the conductor, the a pearances would be
exhibited in their most simple form ; and I found
that when two wires were placed in a basin of
mercury perpendicular to the surface, and in the
Veltaie errcuit of a battery with large plates, and
the pole of a powerful magnet held either above
or below the wires, the mercury immediately be-
gan to revolve round the wire as an axis, accord-
ing to the common circumstances of electro-
magnetic rotation, and witha velocity exceedingly
increased when the opposite poles of two magnets
were used, one above, the other Lelow.

307. ¢ Masses of mercury, of several inches in
diameter, were set in motion, and made to revolve
in this manner, whenever the pole of the magnet
was held near the perpendicular of the wire;
but, when the pole was held above the mercury
between the two wires, the circular motion
ceased, and currents took place in the mercury
in opposite directions, one to the right, and the
other to the left, of the magnet. These circum-
stances, and various others which it would be too
tecious to detail, induced me to believe that the
passage of the electricity through the mercury,
produced motions independent of the action of
the magnet; and that tﬁ?! appearances which I
have described were owing to a composition of
forces.”

308, SBir Humphry says, T endeavoured to as-
certain the existence of these motions in the
mercury, by covering its surface with weak
acids ; and diffusing over it finely divided matter,
such as the seeds of lycopodium, white oxide of
mercury, &e.; but without any distinet result.
It then oceurred to me, that from the position of
the wires, currents, if they existed, must occur
chiefly in the lower, and not the upper surface of
the mercury: and I consequently inverted the
form of the experiment. I had two copper wires,
of about one-sixth of an inch in diameter, the ex-
tremities - of which were flat and carefully
polished, I|m_~mc-d through two holes, three inches
apart, in the bottom of a glass basin, and perpen-
dicular to it ; they were cemented into the basin,
and made non-conductors by sealing-wax, except
at their polished ends ; the basin was then filled
with mercury, which siood about a tenth or
twelfth of an inch above the wires. The wires
were now placed in a powerful Voltaic circuit.
The moment the contacts were made, the phe.
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nomenen, which is the principal object of this
paper, oceurred : the mercury was immediately
seen in violent agitation ; its surface became ele-
vated into a small cone above each of the wires;
waves flowed off in all directions from these
cones ; and the only point of rest was apparently
where they met in the centre of the mercury
between the two wires.  On holding the pole of
a powerful bar-magnet at a considerable distance
(some inches) above one of the cones, its apex
was diminished and its base extended : by lower-
ing the pole further, these effects were still fur-
ther increased, and the undulations were feebler.
At a smaller distance the surface of the mercury
became plane ; and rotation slowly began round
the wire. As the magnet approached, the rota-
tion became more rapid, and, when it was about
half an inch above the mercury, a great depres-
sion of it was observed above the wire, and a
vortex, which reached almost to the surface of
the wire.

309. “In the first experiment which I made,
the conical elevations or fountains of mercury
were about the tenth or twelfth of an inch high,
and the vortices apparently as low ; but, in the
experiments made at the London Institution, the
mercury being much higher above the wire, the
elevations and depressions were much more con-
siderable, amounting to the fifth or sixth of an
inch. OF course the rotation took place of either
pole of 2 magnet, or either wire, or both together,
aceording to the well-known circumstances which
determine these effects.

400. ¢ To ascertain whether the communication
of heat diminishing the specific gruvity of the
mercury, had any share in these phenomena, I
placed a delicate thermometer above one of the
wires in the mercury, but there was no imme-
diate elevation of temperature; the heat of the
mercury gradually increased, as did thit of the
wires; but this increase was similar in every
of the circuit. I ved the same thing more
distinetly, by making the whole apparatus a ther-
momeler terminating in a fine tube filled with
mercury. At the first instant that the mercury
became electro-magnetic, there was no inerease
of its volume.

401. * This phenomenon cannot be attributed
to common electrical repulsion ; for, in the clec-
tro-magnetic circuit, similar electrified condue-
tors do not repel, but attract, each other ; and
it is in the case in which conductors in opposite
states are brought near each other on surfaces of
mercury that repulsion takes place.

402. “Nor can the effect referred to that
kind of action which oceurs when electricity
passes from good into bad conductors, as in the

henomena of points electrified in air, as the
ollowing facts zeem to prove. Steel wires were
substituted for copper wires, and the appearances
were the same in kind, and only less in degree;
without doubt, in consequence of a smaller quan-
tity of electricity passing through the steel wire:
and by comparing the conducting powers of
equal cylinders of mercury and steel in glass
tubes, by ascertaining the quantity of iron ﬁFmgs
they attracted, it was found that the conducting
powers of mercury were higher that those of
steel; the first metal taking up fifiy-eight grains
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of iron filings, and the second only thirty-
seven.

403. “Again, fused tin was substituted for mer-
cury in a poreelain vessel, into which wires of
copper and steel were alternately nd and
fixed ; the elevations were produced as in the
mereury, and the phenomena of rotation by the
magnet: and it was found by direct experiment,
that the conducting powers of the tin, at and just
before its point of fusion, did not perceptibly
differ, and that they were much higher than those
of mercury. Lastly, the communication was
made from the battery by two tubes having nearly
the same diameter as the wires, filled with mer-
eury, so that the electricity, for some inches be-
fiore it entered the basin, passed through mereury ;
and still the appearances continued the same,

404. ‘From the rapidity of the undulations
round the points of the cones, 1 thought they
would put in motion any light bodies placed
above the mercury ; but I could not produce the
slightest motion in a very light wheel hung on an
axle; and when fine powders of any kind were
strewed upon the surface, they merely underwent
undulations, without any other change of place ;
and fine iron filings, strewed on the top of the
cone, arranged themselves in right lines at right
angles to the line joining the two wires, and re-
mained stationary, even on the centre of the cone.

The effect, therefore, is of a novel kind, and in.

one respect seems analogous to that of the tides.
It would appear as if the passage of the electri-
city dimilum the action of gravity on the mer-
cury. And that there is no change of volume of
the whele mass of the mercury, appears from the
experiment ; and this was shown likewise by
enclosing the apparatus in a kind of manometer
terminating in a fine tube containing air enclosed
by 0il; and which, by its expansion or contrac-
tion, would have shown the slightest change of
volume in the mercury: none, however, took
place when the contacts were alternately made
and broken, unless the circuilt was uninter-
rupted for a sufficient time to communicate
sensible heat to the mercury.’

405. We may now direct the reader’s attention
to professor Barlow's admirable collection of ex-
Fen'men.ml illustrations. of this science. Mr.

Jarlow published a very interesting Treatise on
Magnetic Attractions in 1823, but a new edition
has since appeared.  We shall only advert to the
last zsection of the third part, referring our readers
to the work itself for the fullest information on
the subject.

406. We may commence with the most simple
experiment, and show Mr. Barlow's mode of
magnetising a steel bar. Take a piece of steel
wire, as for example a sewing needle, and dip
its ends first into steel or ron filings, in order
to ascertain that it has no magnetism already in
it, which will be the case if the particles of iron
do not adhere to it ; if they do, another needle
must be Aried, till one is found free from every
species of magnetic action; this being done,
comnect the ends of the battery by the conduet-
ing wire, C Z and place the needle, N 8, across
it, fig. 10, plate 1L, drawing the latter backward
and forward a few times, and it will be found

to have acquired the magnetic property ; for, en
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immersing its extremities again in the filings,
they will found to adhere to it, in the same
manner as to a needle magnetised in the usual way,

407. This v interesting  experiment i
strictly conformable to professor Bmlnw’sl!}{pa—
thesis ; for, according to this, the action of the
galvanic particles in the wire, being tangential,
will act upon the latent magnetic particles in the
needle, in the direction of 1ts length, and cause
a displacement of them, precisely in the same
manner as would be done by a magnet; and
also, as in that case, the cohesive power of the
steel preventing the return of the tluids to their
natural state, the needle will remain magnetie.

408. This experiment was performed nearly
at the same time by Sir H. Davy, and M. Am-
pere ; but Sir IL Davy also succeeded in effect-
ing the same with the common electrical machine,
'm% showed that the magnetism might be excited
at considerable distances, and consequently not
only without rubbing the needle on the wire as
we jl'mve described, but even without the contact.
It requires, however, to effect this at the distances
here alluded to, a very powerful apparatus.

409. If the needle be made a part of the gal-
vanie circuit, or if it be placed lengthwise of the
wire, no perceptible permanent maguetic powcer
will be developed, which is also consistent with
the hypothesis ; because, in this case, the action of
the wire will be transverse of the needle, which is
the least favorable direction for the development
of the magnetic power; the tendency of the
action being to place the poles transversely, in-
stead of lengthwise.

410. To ascertain the polarity of needles mag-
netised as in the last experiment, the wire and
needle being placed as in the last figure, that is,
the needle being above the wire, and Z denoting
the zine end of a battery of two ﬁlatm only, it
will be found that the extremity N will attract
the south end of a compass needle, and the ex-
tremity S the north end ; in short, that the north
poles of the latent magnetic particles have been
carried towards the left hand, and the south to-
wards the right hand.

411. Let the needle now be placed under the
wire, instead of being placed over it, and in other
respects the process deseribed in the last example
repeated, and it will be found that the polarity of
the needle will be exactly the reverse of that in
the last experiment, which ought to be the case
according to the principle of the preceding experi-
ment ; beeause by this the north polarity is always
carried to the left hand of the observer, who con-
ceives himself to form the galvanic cireuit, his
head being towards the zine end, and his face
towards the magnet; for thus, his positien being
now the reverse of what it was in the preceding
:J‘mriment, the polarity cught to be the reverse

50,

412. If we wish to etise a needle b

lacing it in a spiral condueting wire, let Z(:
f-ﬁm 11) represent a condecting wire bent into a
spiral form, and let the needle us be placed either
maked in the spiral, or enclosed in a glass. tbe,
6r in a tube of any other matter ; make the con-
nexion with the battery, and in an instant it will
be found that the needle s has become strongly
magnetic, having its poles pesited, as shown in
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the figure, viz. having its north end towards the
zine extremity of the battery.

413. This 15 of course precisely similar to the
first experiment, the only difference being that,
by means of the slpiral form given to the wire,
the action upon the needle is repeated as many
times as there are spires of the wire covered by
it; the power excited is therefore proportionably
stronger, and the magnetism more quickly com-
municated. The explanation of the effect pro-
duced is exactly the same as in the last experi-
ment. If the direction of the contact be changed,
by supposing £ to communicate with the copper
side of the battery, the effect will be in all re-
spects the same, except that the dpc-Iari.ly of the
needle will be reversed. The end towards Z, in
this case, becoming the south instead of the north
pele. Or if a spiral, having its spires turned
the contrary way, as shown in fiz, 12, be used,
and Z be supposed to communicate with the
zine side of the battery, the polarity will also be
the reverse of that in the first case ; viz. the poles
will have the direction marked in the figure;
and if here again the contact be changed by con-
necting £ with the copper side, the poles will be
onee more inverted, sl have the same direction
as at first. These facts, as we have stated above,
are explained exactly in the same manner as
those for the single wire.

414. In performing this experiment, Mr. Bar-
low employed a glass tube about five inches in
length and half an inch in diameter; and it was
ohserved, when the needle was placed in it, so
that one half of it projected beyond the end,
that the moment the plates reached the acid, the
needle was dreawn instantly to the middle of the
tube, and while the contact was continuod it was
held suspended in the centre of the tube when
the latter was held vertically, the suspending
power of the spiral exceeding the power of
gravity.

415. This effect is very curious, because the
needle here remains suspended in the open space,
directly in the axis of the tube, and not attached
to either sides as in the usual cases of suspension
by attraction.

416. To examine the effects of a spiral con-
ducting wire on a floating magnetised needle, let
a wire be wound about a glass tube of about half
or three-quarters of an inch dinmeter, and hang
it within a basin of water, as shown in fig. 13, so
that the surface of the water rises to about the
axis of the bore; then having pierced a small
pieee of cork with a needle previously mag-
netised, so as just to preserve it from sinking
when immersed in the basin, make the con-
nexion with the battery. The needle will in-
stantly be agitated, and will soon arrange itself
in front of the spiral in a direction parallel to its
axis, and then swiddenly dart into the interior of
the tube with a force nearly sufficient to carry it
to the other extremity; it then returns again
towards the other end, and at length becomes
stationary in the middle of the axis, arranging it-
self exactly parallel to it.

417. If the spirals have the direction shown
in the ficure, and Z communicates with the
zine side, the needle, if placed near the extre-
mity of the tube A, wiﬂ enter with its south
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end ; if placed near the other extremity it will
enter with its north end ; but, if the direction of
the spiral be changed, the needle will enter in
both cases the reverse way, as it will also if the
direction of the spires remain the same, but the
contact be changed. This experiment will suc-
ceed equally well if the tube be Rlaced upright
i the water; the needle will then dive like a fish,
and remain below till the contact is broken.

418. This entertaining and instructive experi-
ment is due to Mr. Faraday; the explanation of
it by the previous hypothesis is obvious, for the
north pole of the particles of the needle being car-
ried to the left of an observer conceiving himself
coinciding with the direction of the wire, and
with his head towards Z, all the effects ought to
take place precisely as above stated, M. Am-

re had assimilated a spiral wire of this kind
with an actual magnet, and Mr. Faraday insti-
tuted the above experiment to prove that there
was not that identity which had been assumed ;
for, by suspending a);mlluw cylindrical magnet in
the same way, the needle was always attracted to
the nearest extremity of its edge, and indicated
no tendency to enter the tube.

419. To show the effect produced by a gal-
vanic wire on steel or iron filings, we must strew
a quantity of iron dust or filings on a table, and
bring the connecting wire near to them, when
the filings will immediately be affected Ly the
action of the wire, some few flying towards it,
and adhering to it as a magnet; and, if the wire
be brought into actual contact with them, a very
considerable quantity may be taken up by it,
exactly the same as at the extremity of a bar
magnet; but the moment the contact is broken
the filings fall.

420, In order to produce the best effect in
this experiment, the wire intended to be operated
upon should be smaller than the conducting part
of the circuit. This latter, in all cases, is the
better for being stout, at least three-sixteenths of
an inch in diameter: but in this, as in several
other experiments, it is best to have the extre-
mities of the wires terminated by a much smaller
wire, wound round the former as a spiral, or by
simple contact; for by this means, the transmis-
sion being made through a smaller space, the
intensity of action is proportionably increased.

421. This experiment is due to M. Arago, and
it seems at first sight somewhat at variance with
Mr. Barlow’s hypothesis ; because we have here
an appearance of actual attraction between the
iron and the wire, whereas we have supposed
that there is no attraction between them. A
little consideration will, however, show, that in-
stead of contradicting, this fact will serve to con-
firm the hypothesis in question.

422. Let us, for example, conceive W, fig. 14,
to denote the section of our conducting wire de-
scending vertically from the zine end of the bat-
iery ; then, the first and direct action of this wire
will be to excite magnetism in any small particle
of iron, n s, according to the direction indicated
‘oy the letters in the figure.

423. After which, the action of the wire will
be to urge the point n in the line an, ruqmn-
dicular to W, and the point s, in the line ss,
perpendicular to sW; and, in consequence of
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the combined action of these forces, the particle

n s ought necessarily to approach the wire in the

same way as it would do by a direct attractive

force. This effect is therefore still consistent

;'It!l our hypothesis, and strongly confirmatory
it.

424. We have seen that, by giving the con
ducting wire a spiral form, its power of mag-
netism is much increased ; and in the same way
the power of the wire on the iron filings may be
rendered very great. The best form for the
spiral, however, here, is that in which the wire
lies all in one plane, as was shown in a previous
figure,

425. This, being connected by its two extre-
mities with the poles of the battery, will take u
an astonishing quantity of filings, which, by their
reciprocal attraction towards each other, exhibit
the most pleasing appearance.

425%. To exhibit the rotation of @ magnet round
a galvanic wire, let ABED, fig. 15, represent a
cup of glass, wood, or any other non-conduetor,
and N5 a small magnet, having a hole drilled at
3, whereby it may be fixed by a short piece of
silk 5S¢/, to the copper wire ¢’ é, passing through
the foot of the cup, and let mercury be poured
mnto the latter till the needle floats nearly vertical.
Conceive, also, Z2' to be part of the conducting
wire, descending from the zine side of the bat-
tery, and slightly immersed in the quicksilver,
If now the contact be made at C with the copper
side of the battery, the magnet NS begins to
rotate about the wire Z 2/, passing towards the left
hand of the observer. This rotation will be
greater or less according to the power of the bat-
tery, and will continue while #here is sufficient
force in the latter to overcome the resistance of
the quicksilver to the motion of the magnet. If
the descending wire proceed from the copper
side of the battery, the motion will take place in
a contrary direction, that is, from left to right.

426. Or, if the contact remain the same, and
the magnet inverted, then also the motion will
be reversed ; but if the contact and magnet be
both reversed, the rotation will be the same as in
the first instance. This highly curious and impor-
tant ex gerimr:nt, whichisdueto Mr. Farada uPthe
Royal Institution, is immediately ex 'Im'neg by the
same hypothesis; according to which, the extre-
mity N of the magnet is always acted upon by
two forces, one being the galvanic foree, which 1s
tangential to the wire, and the other the tension of
the silk 8¢, in the direction of the needle, Let
this latter be resolved into two forces, one ver-
tical and the other horizontal, and we shall find
the extremity N under the influence of two hori-
zontal forces, one always central and the other
tangential. The result of which must be a rota-
tion of that point about the wire; and it will be
made with the position and arrangement shown
in the figure from right to left.

427. To exhibit the rotation of a galvanic wire
about the magnet, let ABDE, fig. 16, be a cup
or vessel of wood or glass, and NS a magnet
passing tight through its foot; Zz a conducting
wire descending from the zine side of the battery,
and rendered free to move by the chain con-
nexion at g. Let mercury be poured into the
vessel till the extremity of the wire is slightly
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immersed in it. Then the contact being made
at C (which, by means of the wire DU, com-
municates with the quicksilver) the wire gz will
immediately assume a rapid rotatory motion,
much greater than ih the former case, the resisi-
ance being very considerably diminished by the
maode of suspension.  The direction of the mo-
tion, according to the arrangement in the figure,
being from left to right, to a person coinciding
in position with the maguet. It may, however,
be reversed by reversing the magnet, or by
changing the contact, as in the preceding cases.

42!!—.']?[hi51 experiment is also due to Mr. Fa-
raday, and its explanation is the same as the last;
for since when the magnet is free, it will, as we
have seen, revolve about the wire from right to
left, it follows that, when the magnet is fixed
and the wire free, the latter will revolve in an
opposite direction (the action and re-action be-
tween the wire and the magnet being reciprocal),
which is still, however, towards the left of a per-
son supposed now as eoinciding in position with
the magnet, and his head to the north.

420. The resistance being very inconsiderable

in this experiment, it may be exhibited in a
more simple manner, For instance, instead of
iercing the foot of the cup, as in the figure re-

erred to, it will be sufficient to use a tea-sauncer,
or any other shallow vessel, and to bring a strong
magnet as near to it as possible under the table ;
when the motion will take place precisely in the
same manner as above.

430. By this means also we may establish a
most important fact, viz. that it is indifferent, as
to the result of the experiment, what may be
the position of the magnet; that is to say, if we

the extremity of it as nearly as possible
under the centre of the vessel, we may hold it
either vertical or horizontal, or incline it in any
angle, and at any azimuth, without greatly
changing the rate of the rotation ; it being always
understood that the magnet should be of consi-
derable length, in order that its other pole may
not affect the motion of the wire.

431, The machine for the exhibition of these
motions, according to Mr. Faraday's construc-
tion, is shown at fig. 1, plate III. ABCD is
a stand of wood, EF a brass pillar, FG a fore
arm or projecting piece of brass, through the ex-
tremity of which passes the wire LHK; at L
there is a sort of ball and socket joint; the
socket being in the upper part, and the ball fit-
ting it, on the small wire Lm. Both the socket
and ball are amalgamated, and a piece of silk
fixed to the hall, or head of the wire, passes
through a hole drilled in the wire LH, and’ by
which the smaller wire is suspended, therehy
prmnrin¥ the contact, and leaving to the latter
a perfect freedom of motion: ab iz 2 glass cup
having a hole through its foot, into which is in-
serted a copper tube, soldered to a copper dise
just the size of the bottom of the glass, and
which disc is cemented to the foot of the
latter.

432. The wire Z z is also so.dered to another
copper disc, upon which the glass rests; and hy
which the contact is carried on from Z to the
quicksilver in the cup, and thence to the wire
m L ; lastly, a small magnet ms is inserted mto
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the copper tube, passing through the stem of
the glass above mentioned.

433. The foot of the cup ed is pierced, and
discs of copper applied as in the cup a b; but
the wire passing through the foot is solid, and
to it is fixed, by a short string, the small magnet
ns, which is thus free to revolve about the de-
scending wire Il K; quicksilver, as in the pre-
ceding cases, being poured into the cup, till the
wire HK is slightly immersed in it at K. The
contact with the battery heing now made at %
and ', the motions will take place as deseribed
in the last two experiments ; viz. that the magnet
ns in the one cup will revolve about the wire
K, while the wire Lm will at the same time be
revalving about the other magnet uns.

434. If the cup ed be placed where the cup o b
is represented, then the magnet and wire being
both free, they will revolve about each other,
and thus produce a pleasing variety in the expe-
riment.

4335. A section of this machine is shown at fir. 2.

436. Mr. Farmaday also deseribes another ap-
paratus, which requires a less galvame action
than the former to produce the rotation. This
is shown at fig. 3; it consists of a picce of glass
tube, the bottom part of which is closed by a
cork, and through it is passed a small piece of
soft iron wire, so as to project above and below
the cork. A little mercury is then poured in, to
form a channel between the iron wire and the
glass tube. The upper orifice is also closed by
a cork, through which a piece of platinum wire
passes, being terminated within by a loop;
another piece of wire hangs from this by a loop,
and its lower end, which dips a very little way
into the mercury, being amalgamated, it is pre-
served from adhering either to the iron wire or
the glass. Things being thus arranged, a very
minute galvanic power being applied by contact
with the lower and upper end of the apparatus,
and the pole of a strong magnet being applied to
the external end of the lower iron wire, the move-
able wire within begins rapidly to rotate round
the temporary magnet thus formed; and which
rotation may be inverted either by changing the
contact or by inverting the magnet. Mr. Fara-
day states that this instrument is so sensible that
a rotation has been produced in it by two plates,
each only one inch square,

437. To exhibit the rotation of a maguet on
its axis by the effect of a galvanic wire, let
ABIDE, fig. 4, represent a cup of glass or wood,
N'S a magnet, having at its lower extremity a
fine steel point, inserted in the agate a; beisa
thin slip of brass or ivory, having a hole through
which ie magnet passes freely, and by means
of which it is kgvt perpendicular: at the upper
extremity N of the magnet is a thin cylinder, as
a piece of quill, forming a eup or reservoir 2 to
receive a small quantity of quicksilver; and into
this is inserted the wire &, amalgamated at its
lower point; and Ce is a stout wire passing
through the side of the cup into the guicksilver.
Then, the contact being made at C and Z, the
magnet will begin to revolve on its axis, with a
very astonishing velocity, and continue in mo-
tion while the power of the battery lastz.

438. This pleasing experiment is due to M.

h
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Ampere, who eniploys ouly a piece of platinum
attached to the magnet, to produce, by its slpe-
rior gravity, a vertical pos.umn_uf the lfn_:l.er in
the IEFCUTY ; the upper wire hEil'lg then inserted
into the quicksilver in the cylinder z, and the
other wire into the cup C, the motion is pro-
duced exactly as above described : the great-
est freedom of motion is, however, given by the
apparatus shown in the figure. The explanation
of this rotation is very obvious according to the
hypothesis we, have adopted, for the tangential
force of the wire, acting upon the magnetic par-
ticles on the surface of the magnet, must neces-
sarily produce the rotation in question.

439, To exhibit the rotation of a galvame wire
on its axis by the action of a_magnet, !e_t NS,
fig. 5, be a magnet, represented as broken :I.nlt:e
figure, but which is fixed, in the experiment, in
a foot, in order to keep it vertical, and let abed
b & light hollow copper or brass eylinder, hav-
ing a steel point passing downwards into the
agate cup f, fixed to the upper end of the mag-
net, and let e be a small tube or quill fixed on
the wire passing through the top of the cylinder,
holding a little quicksilver, and receiving into it
the descending conducting wire Z. AB is a
piece of wood turned to fit on the cylindrical
magnet N 8, which has a hollow groove on its
upper surface to receive a quantity of quicksilver,
into which the lower edge of the cylnder ad is
slightly immersed, the surface being covered with
weak dilute nitric acid. AC is a wire passing
into the quicksilver. Itis obvious that thus (the
contact being made at Z and C) the gaivanic
circuit is carried from Z through the cylinder
a bed, thence to the quicksilver, and hence again
through the wire A E, to the other extremity of
the battery, whereby the cylinder abcd 15 made
to become a part of the conducting wire; and
it will be found to revolve on its axis with a
great velocity, fully equal to that of the magnet
in the last experiment ; the direction of the mo-
tion, with the arrangement shown in the figure,
being from left to right, to a person coinciding in
position with the magnet.

440, To exhibit a quicksilver vortex by means
of a galvanic wire and magnet, it is only neces-
sary to take any shallow non-conducting vessel,
and put into it a quantity of pure mercury, into
which is to be inserted the conducting wires
Z, C, proceeding respectively from the zine and
copper gides of the battery. And if now the
north end of a strong magnet be brought under
the vessel, the quicksilver round the wire C will
bezin to revolve about the same, forming a beau-
tiful vortex; the direction of the motion bein
from left to right. If the magnet be remove
under the other wire, the same Lind of motion
will be pmn;'l!.me:l, but its direction will be re-
versed : and the same change of motion will
take place, of course, in each case, by changing
the end of the magnet.

441. The explanation here is precisely the same
as in the last eXperiment ; the moveable part of
the conductor in this case owing its mobility to its
fluid nature, whereas in the former itis dueto the
peculiar mode of suspension.  This very elegant
experiment was, as we have stated in another
place, first made by Sir H. Davy.
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442. To exhibit the rotation of the galvanic
wire, independently of the galvanic battery, we
must em]ﬁlay the apparatus exhibited in fig. 6,
where ABCIV is a small copper vessel about
two inches and a half high, and the same in
diameter; ‘abed is another small cylinder of
copper, of the same height, soldered to the for-
mer vessel at its lower end d ¢, a hole being left
in the bottom of the former to receive it. The
cylinder a b ¢ d 15 therefore open, and will admit
a cylindrical magnet to be passed up; and it
will, at the same time, hold a quantity of dilute
acid within the space AD, dabe, BC: 22 is a
zinc cylinder, very Light, of rather less altitude
than the copper one.  To the eylinders a b and
22" are soldered two copper wires, as shown in
the figure, the upper one having a steel point
proceeding from E downwards, and resting in a
small metal hole at F; and consequently the
cylimder z z* will be free to move upon its
puint of suspension at F.

443. The apparatus being thus arranged, and
the acid placed in the cell as above described,
insert through the interior cylinder the north
end of a strong eylindrical magnet, and balance
the whole apparatus upon it, when immediately
the zine cylinder will begin to revolve with a
greater or less velocity, according to the strength
of the acid, the freedom of motion, and the
power of the magnet. Mr. Barlow has fre-
quently produced, with this simple apparatus, a
motion, amounting to 120 rotations per minute.
The enly difference between this and the other
rotations we have described is, that the galvanic

ower is here produced by the apparatus itself,
instead of having recourse to the Eattﬂ:.n

444, Tor it is obvions that the wire from ZZ°
to E, may be considered as a conductor proceed-
ing from the zinc ; and the wire from a f1o T,
as one from the copper side of the battery ; and
consequently, the same effect is o be expected
here as in the preceding cases. Itis unnecessary
to add, that, with the north end of the magnet
upwards, the motion is from left to right, and the
contrary with the magnet reversed. This expe-
riment 15 due to AL Ampere.

445. A very pleasing addition has been
made to this apparatus by Mr. J. Marsh. It
consists in having a second point descending
from F, which is made to rest in an agate cup,
fixed on the top of the magnet, fig. 7, and upon
which the whole machine 15 balanced, having a
perfect freedom of motion ; and, to preserve this
balance. the magnet iz placed vertically in a foot.
The machine being now charged with acid, a
compound motion takes place, the zine cylinder
revolving in one direction, and the copper ves-
sel in another, producing thus a very pleasing
effect ; the latter, however, is by no means so
rapid as the other, in consequence of the weight
of the acid ; and, in fact, that of the whole ma-
chine being supported on the lower point. ;

446, To show the effect of a horse-shoe mag-
net on a freely suspended galvanie wire, let Z z,
fiz. 8, denote a part of the galvanic wire, freely
suspended by the chain connexion at o, proceed-
ing from the zinc end of a battery, its lower ex-
tremity being amalgamated, and slightly im-
mersed in a reservoir of pure mercury, having a



ELECTRO-MAGNETIS M.

eonnexion at C with the other extremity of the
N S is a horse-shoe magnet, posited as
shown in the figure.

447. The contact being now made at C and
Z, the hanging part of the wire, 0z, will be
thrown out of the mercury into the position 0 #;
the contact being thus broken, it falls by its own
gravity into the mercury ; by which means, the
contact being renewed, it is again projected, and
so0 on with an extraordinary rapidity ; and if the
position of the magnet be reversed, or the con-
tact be changed, the direction of the motion will
be changed also, but the effect will be the same.

448. This singular motion may be still ex-
plained by the hypothesis that has been ad-
vanced ; for the wire having a tendency to pass
round the north end of the magnet to the right
hand, and round the south end to the left hand,
is urged by equal forces directly in a line with
the open space of the magnet, the equality of the

two IPpEme:g. preventing the rotatory motion about
either, but both conspiring to give to the wire
the rectilinear motion which has been described.
This experiment is also due to Mr. J. Marsh.

440, If we wish to exhibit a wheel and axle
rotation by means of a horse-shoe magnet, the
machine represented in fig. 9 will produce this
motion. A B is a rectangular piaﬂeﬁrhurd wiood ;
CD an upright wooden pillar; D E a piece of
stout brass or copper wire ; and ab a somewhat
smaller wire, soldered upon it at E, on the lower
side of which the wheel W, of thin copper, turns
freely ; A f is a small reservoir for mercury, sunk
in the wood ; and g ¢ a narrow channel mnning
into it. HH is a strong horse-shoe magmet.
Mereury being mow poured into the reservoir
S till the tips of the wheel are slightly im-
mersed in it, and the surface covered with weak
dilute nitric acid, let the connexion with the
battery be made at i and D, and the wheel W
will immediately begin to rotate with great ve-
locity. If the contact be changed, or if the
magnet be inverted, the motion of the wheel will
be reversed ; but, in general, the best effect is
produced when the wheel revolves inwards. The
suspension of the wheel is shown in fig. 10
This is a necessary consequence of the motion
deseribed in the last experiment, by which it
was suggested, and is explained on the same
principles,

450. The machine for exhibiting a eompound
wheel and axle rotation, with two horse-shoe
magnets, is shown in fig. 11. ABGD isa

rectangular piece of board, having two grooves
about half an inch deep, cut in it parallel to
its length. C p, Z g, are two wires, having cups
for connexion at & and C, and each Sing
into its respective groove, i b, cd, filled with mer-
cury, into which are slightly immersed the points
of the wheel: W W’; these being fixed on an
axle WW’, and resting upon the two supports
mn, s, brought to a fine edge at n and &, in
order to reduce the friction as much as possible,
and to give the greater freedom of motion. NS
are two horse-shoe magnets, posited as in the
figure, with the like poles interior and exterior
of the wheels.

451. The a p#rntushei z thus prepared, and
the contact e at Z and C, the wheels will be-
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gin to rotate, and in a very shori time will ac-
quire a velocity exceeding, very considerably,
any of the motions hitherto described.

452. It is unnecessary to say, that by changing
the contact, or by inverting the magnets, the di-
rection of the rotation will be also changed. The
usual precaution of covering the surfuce of the
mercury with weak dilate mitric acid, will in-
crease the rapidity of rotation; but it is not ac-
tually necessary in this casze.

453. To exhibit the terrestrial directive quality
of a galvanic wire, let A1, fig. 12, represent a
piece of wood fixed to any convenient support,
through which pass the two wires G, L, and
where they remain fixed. At their upper and
lower exiremities are soldered the small metal
cups, a, b, c,d.  DHIK, &e., isa part of the
conducting wire, bent into the form shown i the
figure, having small steel points soldered upon it
at cand d. These points are inserted into the
cups ¢, d, the upper one only resting on the hase
of its cup, the other being merely brought into
contact with d, by a little quicksilver placed in
it for that purpose, by which means the rectangle
has a great freedom of motion given to it, the
only solid contact being on the point e. Mer-
cury is also poured into the other cups, for the
sake of a more perfect and certain communica-
tion than that afforded by the mere juxta-position
of the wires.

454, The apparatus being thus prepared, the
two wires proceeding from the copper and zine
sides of the battery, are inserted into the cups
ay by and thus the connexion is established ; first
by means of the wire G with the cup ¢, thence
by means of the contact of the points with the
cup and mercury; it is carried forward from ¢
through the rectangle, to the cup o, whence it
proceeds to the cup a.

455. We have already seen that of this con-
necting wire, the part from ¢ to d has a perfect
freedom of motion upon the point at e, and will
therefore obey any exciting force. 'This force,
in the experiment in question, is the magnetic
influence of the earth; and in consequence of
which the rectangle, immediately the contact is
made, places its plane perpendicular to the plane
of the magnetic meridian ; and to which position
it will always return, after a few vibrations, if it
be drawn out of it by the hand or otherwise,

456. This arrangement of the moveable con-
ductors is perfectly consistent with our hypo-
thesis, as is obvious without any farther illustra-
tion than what has been given in several preced-
ing experiments.

457. A differently formed wire, and a more
simple mode of suspension, iz shown in fig. 13.
Here a brass or copper wire, A C, rests at its bent
end A, ina cup containing a little mercury, and
is very moveable in azimuth round this point.
The other end passes through the centre of a cir-
cular piece of pasteboard, and then forms spird
turnings in the plane of this circular piece. The
wire is attached by thread or silk o the paste-
hoard disc; and at the point B it tums and de-
scends till its extremity reaches the quicksilver
in the cup D). The communication being now
made at A and D with the battery, the spiral
will immediately arrange itzelf, as in the last

K2
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case, in a plane perpendicular to the magnetic
meridian. This experiment is originally due to
M. Ampere, but the mode of suspension de-
scribed is that of professor Van den Boss.

458. A needle, upon a different construction,
also due to M. Ampere, is shown in fig. 14.

459. The directive quality of the galvanic
wire has been since exhibited in a variety of
wiys, much more simple than that above de-
seribed, of which we shall only state the fol-
lowing :—

460. M. de la Rive's apparatus consists of a
small galvanic combination attached to a cork ;
the plate of zine is nearly half an inch wide,
and extends about one and a half, or two inches,
below its cork, its upper end passing through
the same ; the slip of copper is of equal width
to the zine, but passes round it, being thus op-
posed to both its surfaces, as in Dr. Wollas-
tons construction : its upper end also appears
through the cork. A piece of copper wire,
covered with silk thread, is coiled five or six
times, and tied together, so as to form a ring
about an inch in diameter ; and the ends of the
wire are connected by solder, one with the zine,
and the other with the copper slip above the
cork. See fig. 15.

461. When this small ap s i3 placed in
water, slightly acidulated with sulphuric or ni-
tric acid, the ring becomes highly magnetic, and
will arrange itself in a plane perpendicular to
the magnetic meridian, or it will at least indicate
a tendency to take up that position; but the
escape of the bubbles, arising from the decom-
position of the water, prevents it from preserv-
ing a fixed direction.

462. Tts magnetic qualities, however, are more
obviously shown by bringing to it a strong mag-
net. Mvr Baﬂo:}rused Ec;lindr'mnl une?nha;gu
three quarters in diameter, and eighteen inches
in length. This being applied at the distance of
several inches, the ring was immediately at-
tracted or repelled accordingly, as one or the
other of the poles of the magnet was presented,
or accordingly as one or the other side of the
wire was opposed to the latter. When the re-
sult of the application is attraction, the cork will
advance towards the extremity of the magnet;
and if the latter be held horizontally, and in a
line with the centre of the former, this will con-
tinue to advance till the pole of the magnet is
within the ring, and then proceed with consider-
able velocity till it reaches the middle of the
magnet, where it remuins perfectly stationary.
If now the magnet be withdrawn, and changed
end for end, n.nagnre-inlmducad into the ring, the
latter will go off from the magnet, turn itself
round when quite free from it; again advance,
and settle itself as before in the centre.

463. This very simple apparatus, which may
be made at the expense of about a shilling,
throws great light upon the natore of the electro-
magnetic action, and proves most satisfactorily,
that notwithstanding the intimate relation be-
tween the electro-magnetic, and simple magnetic
fluids, they are not identical ; for no possible
arrangement of simple magnets can be made
that would lead one of them beyond the pole of
another, to find its state of equilibrium in the
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middle of the latter. At the same time all the
above facts will be found E:fecl.l consistent
with the hypothesis that has been advanced; for
it will be seen, when the wire and cork are in
equilibrium, as above stated, that an observer
will have the north end of the magnet to his left
hand, and the south to his right, at equal dis-
tances; and acting therefore with equal and op-
posite powers; consequently the wire itself
ought to be in equilibro, and, when disturbed
from, it will have a tendency to regain it, and
hence be subject to all the conditions and motions
that have been described.

464. As the current of electricity, Lgmducai
by a Voltaic battery when passing through a
metallic conductor, powerfully affects a magnet,
tending to make its poles pass round the wire,
and in this way moving considerable masses of
matter, it was supposed that a re-action would
be exerted upon the electric current capable of
producing some visible effect ; and the expecta-
tion being, for various reasons, that the approxi-
mation of a pole of a powerful magnet would
diminish the current of electricity, the following
experiment was made :—The of a battery
of from two to thirty four-inch plates were con-
nected by a metallic wire, formed in one part
into & helix, with numerous convolutions, whilst
into the circuit, at another part, was introduced a
delicate galvanometer. The magnet was then put, in
various positions, and to different extents, into the
helix, and the needle of the galvanometer noticed ;
no effect, however, upon iteould be observed. The
circuit was made very long, short, of wires of
different metals and 1;1"(ii‘l'izrnﬂ.~nt diameters down to
extreme fineness, but the results were always the
same. Magnets more and less powerful were
used, some go strong as to bend the wire in its
endeavours to pass round it. Hence it appears,
that however powerful the action of an electric
current may be upon a magnet, the latter has no
tendency, by re-action, to diminish or increase
the intensity of the former.

465, M Prechtl has a very curious experi-
mental illustration of the effects of a spiral wire.
He coils round a glass tube or wooden cylinder,
steel-wire covering the surface as with a continu-
ous sheath, To one end of this eylindric spiral,
he applies the south or north pole of a magnet,
and crmws it along the cylinder in a straight
line, parallel to the axis. ‘fn this way a magnet
is formed, which possesses the following pro-
perties :—

{«) Along its whole length, it has on one side
the north, and on the opposite side, the south

e.
Puf:b] These transversal magnetisms are in every
point of the length of the wire-cylinder, equally
strong.

(;g]!m of its ends exhibit on the contrary
no particular polarity, and they have no other
magnetism than that which belongs to every in-
dividual point of the whole length. Thus the
transversal magnet is in the same condition 2s
the conjunctive wire of the Voltaic columm.

() If we hoid this transversal magnet over o
magnetic needle in the declination-plane, it re-
pels exactly like the conjunctive wire, the north
pole of the needle to the right or to the left, ac-
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cording as the effective north pole of its trans-
versal tism lies to the left or to the ri
hand ; and with greater or less force, according
to the strength of its magnetism, even to 90°.
(e) If we draw the one pole of a magnet
along this transversal-magnet, in a spiral diree-
tion, the wire becomes magnetised longitudinally;
the transversal magnetism disappears, the two
poles are found at the two extremities, and it
now resembles an ordinary magnetised steel wire,
The longitudinal and transversal magnetisms are
not compatible with each other, in their fuli ex-
hibition.
466. Besides this transversal magnetism, with
single polarity, magnels may be easily made,
sessing several transversal magnetisms. Take

pur magnetic bars, about a quarter of an inch

thick ; provide a small disc of wood, with an
aperture of about an inch diameter in its centre,
and four grooves, cut into one face of the disc,
leading from the circumference, inwards: in
these ves the magnetic bars are to be fixed,
with their narrow edge outwards, and their ends
projecting into the aperture. Let a north pole
alternate with a south pole in the circle, so that
the ends of the bars right opposite to each other
may be homogeneous; and adjust the whole, so
that they may touch the circumference of a steel
wire-coil, about half an inch diameter. We
then draw this spiral wire through the opening,
and between the four magnets, taking care that
the cylindric coil does not revolve on its axis,
but that the direction of each individual magne-
tic pole remainsin the same plane with the axis;
for otherwise the wire would acquire the longi-
tudinal magnetism. Instead of the wire-col,
we may take a massive cylinder of steel. This
will acquire, when treated in the same way, the
compound transversal magnetism, without its
extremities having a stronger magnetism than
each of its cross sections. These transversal
magnets with manifold polarities, have all the
above enumerated properties of the single trans-
versal magnets, but their phenomena are still
more in unison with those of the electrical con-
junctive wire ; for, under this manifold polarised
magnet, the deviation of the needle is the reverse
of that above the magnet.

467. In the following manner we may pro-
duce a section of a manifold polarised transver-
sal magnet ina | rod, and with a propor-
tionally greater number of poles. We take a
ring of steel wire, from four to six inches diame-
ter, and furnish it with as many poles as we can
apply to its circumference. Lay the ring flat on
a table, and apply to its outer edge the two

les of a horse-shoe magnet, that are as near
each other as pogsible ; then remove the magnet
and apply it in succession all around, at dis-
tances equal to the width of its own poles. 1In
this way it is to induce on a steel ring, of
about five or six inches diameter, from twenty to
thirty ul.:illafa;ite poles

468, This steel ring, which represents a section
of the manifold polarised transversal magnet,
eshibits, relatively to the greater extension and
smaller number of the existing magnetisms, the

mena which a conjunctive wire presents.
mevery part of it the magnetic needle, with its
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north end above, stands to the right hand ; below
it, to the left; and inversely. M. Prechtl thinks
that these direct results leave no further doubt
concerning the magnetical condition of the con-
junctive wire.

469. Although success had attended the ex-
eriments made to magnetise steel needles and
ars by ordinary electricity when in motion, yet

every atlempl to occasion the deviation of the
magnetic needle by a current from the machine
had failed, until 3. Colladon instituted his ex-
periments.  Conceiving that the quantities of
electricity operated with had been too small, he
used a battery of thirty jars, containing 4000
square inches of surface for the previous ac-
cumulation of the electricity, and operated
with a galvanometer constructed on Nobili's
principle, having 100 revolutions of wire. The
wire was covered with a double thickness of silk,
and the instrument placed in a room away from
that containing the battery. Two copper wires
covered with E'I'lk,l, and :'.l:ﬁpunl:h‘:d on silk mrd,
connected it with the electrical apparatus. A
very fine point was soldered on to each of these
wires, which were then named the extremities
of the galvanometer.

470. The battery was charged : one galvanome-
ter extremity was connected with the outer coating,
and the other approached towards a ball in con-
nexion with the inner coating. When at four or five
centimetres’ distance, (an inch and a half or two
inches) the needle deviated ; when at less than
half that distance, the deviation was 23° and,
ﬁldllﬂl]f diminishing, continued for five seconds,
The direction of the deviation accorded with the
course of the electricity, Every repetition of the
experiment gave the same result, and when the
points brought to the battery were changed, or the
charge of the battery itself was altered, the di-
rection of the deviation corresponded with it.
The quantity of deviation varying with the dis-
tance of the points was often 40°; and the re-
turn of the magnetic needle to its original posi-
tion, upon the cessation of the current, was in
every instance ascertained.

471. On making experiments with a Nairn's
machine, and also with a plate machine, no ac-
cumulative apparatus being used, deviations of
the needle, amounting to 3% or 4%, were obtained
in dry weather.

472, It was thus demonstrated that the eleetri-
cal machine could, like the Voltaic pile, produce
a current, competent to the deviation of the
needle, and that the elecirieity aceumulated in a
given time in a battery, or even in a conductor,
was a finite portion of that which eirculated in
the same time in a closed electro-motive circuit.
To establish this comparison in a more definite
manner, a wire of platina was soldered to the
two extremities of the galvanometer, one of the
junctions heated, and the other cooled ; at 1255
C. (268° F.) the needle of the galvanometer de-
viated 45° the same quantity which had been
produced by the battery. Hence it appears that
the galvanometer may, in certain cases, be a very
useful indication DF the quantities of ordinary
electricity.

473. The insulation of the ‘different turns of
the galvanometer wire appearing to be an im-
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portant point, M. Celladon prepaied an instru-
ment, in which the wire was covered with two
folds of silk, made 500 turns round the box, and
had each separated from the others by oiled silk.
With this instrument the effects were nearly ten-
fold what they were before, and as, in the former
tase, the deviation of the needle, by the current
from a machine, was only 3° or 4° now it
amounted to much larger quantities. When the
point was at the distance of—

1 decimetre (3937 inches) the deviation was 18°

2 ditto ditto ditho 10
4 ditte ditto ditto 5k
8 ditto ditto ditto 3
1 metre (39:371 inches) ditto i

so that it was rendered sensible at the distance
of a metre from the conduetor.

474. It should be remarked that the with-
drawing action of a point is sensibly %ﬁpmlinml
to its distance from the conductor. 15 15 Cons=
stantly the case with a cylinder machine, but
seemed to be interfered with in a plate machine
by the presence of four cushions. Experiments,
instituted to illustrate this point, proved the cor-
rectness of this conclusion. When the motion
of the cylinder machine was regular, the devia-
tion remained constant as long as the experiment
was continued.

Operating with the battery, and slowly ap-
proaching the point, a constant deviation of 30°
was obtained for sixty-five seconds. A jar, con-
taining only two halfsquare feét of surface,
deviated the needle 32°.

475. The ratios which these experiments estab-
lish between the action of currents produced by
electrical machines, and those of a I}ilE or a
thermo-electric arrangement, afford the means of
appreciating the absolute velocity with which the
electricity moves in a closed electro-motive appa-
ratus, when we know their electro-motive force,
or the tension which may be produced by the
contact of two metals, and the friction of cushions.
In fact, in electrical machines, this velocity of
circulation is determined by the motion of the
glass plate, by which the electricity is transported
to the conductors with a known velocity, If the
tension of this electricity is ten thousand times
stronger than the tension of a pair of Voltaie
plates, having the same surface as the cushion,
and nevertheless the effects produced by the
two currents on a galvanometer are the same, the
veloeity of eireulation of the electricity from the
Voltaic arrangement would be evidently ten
thousand times greater than that of the rubbed
part of the plate; for it is an acknowledged
opinion, that the deviation of the magnetic
needle is proportional to the quantity of elec-
tricity which passes in the current.

476. Comparative experifnents, made with
piles and thermo-electric circuits, prove that the
conductibility of metallic wires is not in the in-
verse ratio of their length. When the electro-
motive force is small, 2 metallic circuit of mode-
rate length 15 sufficient to stop the electric
current almost entirely, The intensity of the
current rapidly increases as the length of the
circuit is diminished to a certain limit, depen-
dent on the en of the electro-motive force.

477. M. Colladon observes also, that although
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bad conductors, as pure water for example, can-
not be made part of a Voltaic circuit without
stopping the motions of the galvanometer ; yet
a layer of air, of more than a metre in thickness,
does not always prevent this kind of action, and
that the results depend upon the energy of
the electro-motive force ; so that this hecomes an
important element, not to be neglected in ex-
periments on the conductibility of bodies.

478, Taking advantage of some stormy wea-
ther, M. Colladon was enabled to obtain devia-
tions of the magnetic needle by currents of
atmospheric electnicity, and has shown that the
instrument may hecome a very precise and use-
ful indication of the state of this agent in the
atmosphere. A metallic point being raised on
the observatory of the college of France, and
connected with the galvanometer, whilst the other
extremity of the instrument wire was communi-
cated with the stem of a lightning-rod, deviations
were obtained of 32°, 34% and 37°. The direc-
tion of the needle indicated negative electricity,
and by dismounting the apparatus, and using an
electrometer, this was ﬁ:-unc}]ta be the case. On
another occasion the deviation was from 10° to
22° and, during the twenty minutes that the
instrument was observed, the direction of the
current changed two or three times. Onanother
occasion the deviation amounted to 87°. These
results were obtained with the first and least
sensible galvanometer,

479, These experiments prove that the galva-
nometer may be very useful in researches on
atmospheric electricity.  If it should be demon-
strated that electricity contributes to the forma-
tion of hail, this instrument would be the only
one which could imdicate in a precise manner the
quantities of electricity withdrawn by points
more or less acute and elevated, and communi-
cating more or less with the soil.

480. M. Nobili's galvanometer is a curious ‘n-
strument. Its construction is founded upon the
fact discovered by Oersted, the deviation of a
magnetic needle by a wire conveying a current
of electricity ; and, as in most other instruments
of this kind, the wire is passed several times
round the frame, within which the needle is sus-
pended, that the effect may be proportionally
increased. It differs, however, from all made
before it, in the use of two needles instead ot
one: these are equal in size, parallel to euch
other, magnetised in opposite directions, ana
fixed on a straw, so that the contrary ends of the
two needles point in the same direction. Then
distance from each other on the straw is regulated
by the construction of the frame with its cove: -
ing wire, in and about which they are to move,
The frame of M. Nobili is twenty-two lines long,
twelve wide and six high. The wire is of copper
covered with silk, it is one-fifth of a line in thick-
ness, from twenty-nine to thirty-feet long. It
makes seventy-two revolutions about the frame,
The needles are twenty-two lines long, three
lines wide, a quarter of a line thick, and they
are placed on the straw five lines apart from
each other. An aperture is made in the tissue
formed by the turns of the wire on the upper
surface of the galvanometer, by thrusting them
from the middle towards each side; the lower
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weedle on the straw s introduced through this
aperture into the interior, in consequence of
whiich the upper needle remains a little above
the upper surface of the wire. The aperture is
retained open to a certain extent, to allow free-
dom of motion o the needles and straw, these
being suspended in the usual way from the upper
extremity of the straw. The graduated circle, on
which the deviation is measured, is placed over
the wire on the upper surface of the frame,
having an aperture in its centre for the free
passage of the needle and straw. The upper
needle is the index, the lower being visible ouly
from the sides of the instrument.

481. The sensibility of this instrament de-
Y;nds upon the addition of the upper needle.

ing magnetised inan opposite direction to the
lower one, it almost entirely neutralises the in-
fluence of terrestrial magnetism, leaving only so
much of direetive power as shall induce the
whole arrangement to return to 1 constant position
when uninfluenced by eleetrical currents, and
¥et combining with the lower needle, to cause
deflexion when an electrical current 15 passing
through the wire.

482. As an illostration of the delicacy of the

instrument M. Nobili observes, that it is well
known if Sebeck’s combination of antimony and
bismuth be attached to a common galvanometer,
and the point of junction be cooled, only a very
slight effect is observed on the instrument;
whilst, if attached to the new galvanometer, the
same influence is sufficient to make the needles
revolve several times.  If a piece of iron wire,
five or six inches long, be used to conmect the
extremities of the copper wire of the instrument,
by twisting the ends together, and one of the
points of contact he warmed by touching it with
the hand, the needle will move from 0% and in
the first oscillation extend to 90°.  Ewven the
mere approximation of the hand to the junction
of the metals will produce a deviation of 200,
_ 483. It is necessary for the delicacy of the
ma—nrurrimt that IEIE needles nsedd be mag;a«tised
as nearly as possible to the same degree, and two
indications ]g?;fl been observed as useful in point-
ing out when thisis the case ; the first is theposition
taken up by the plane of the needles, when left
to the earth’s influence, this should not be in the
plane of the magnetic meridian, but more or less
inclined o it ; the second is the manner in which
the system oscillates about its line of equili-
brium. These oscillations should be very slow
compared with those of a common needle. -

484. In consequence of the situation of the
graduated circle a » and not within the frame,
the folds of the wire may be brought much nearer
to each other than in the common instrument,
this renders it more compact, and, from the vici-
nity of the needle within to the wire, also more
powerful. When fixing the graduation the zero
should be placed 50 as to accord with the position
of the needles, when left to the earth’s influence ;
this will not be towards the true magnetic north,
but will not be far from it, and will always be
constant,

485. M. Nobili then offers’ a very curious il
lustration of the powers of the instrument :—* It
18 known, he says, ¢ that water usually retains
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itself at a lower temperature than the ambient
air, the difference being sometimes 2° and re-
sulting from the evaporation of the liqud. 1Ifa
bar {n-lg bismuth be made to join the two extre-
mities of the galvanometer wire, and one of the
points of junction be plunged into a cup of water,
the needle will immediatelydeviate several degrees;
proving that the in.-atnunemiscupaiﬂeﬂfmﬂnsuriug
the small degree of refrigeration produced by
the ewupumtim; of the I.i{luitl. I have actuaii:,r
submitted one of my galvanometers for fifteen days
10 an experiment of this kind, the deviation was
about 15% in the moming and evening, but more
considerable in the course of the day. This first
attempt has made me suppose that the galvano-
meter might become, in the hands of an attentive
and skilful philosopher, a kind of alwidometer.
If by means of a single couple of different me-
tals, bismuth and copper, a deviation of 15° has
been obtained, a much greater one would he
produced by employing several pairs, conve-
niently immersed in the same vessel of water;
and, perhaps, one might succeed by increasing
the scale of observation, in ascerlaining more
exactly the diurpal rate of evaporation. [ pro-
pose, also, to ascertain the effect of a current of
air, excited by any means over the surface of the
water used in the experiment ; it would, without
doubt, augment the evaporation, and, by increns-
ing the difference between the temperatare of the
air and the water, increase the effect on the in-
strument.

486. The theory of electro-magnetism remains
to be illustrated. The phenomena developed were,
at first view, not a little perplexing; and it
was not till afier repeated investigation, that, in
1820, any tangible view of the matter was fur-
nished. The conducting wire was found to exert
a magnetic force, not in a direction parallel
to the wire itself, nor even in any plane passing
through that direction, but in one that was per-
pendicular to it; and which, if circles were de-
scribed in this latter plane, having the point at
which it intersects the wire for their common
centre, would have the direction of tangents o
those circles. The following is another mode
of conceiving the same thing. Imagine a eylin-
der of any diameter to envelope the wire,—the
wire itsell’ being in the axis; and conceive the
surface of the cylinder to be covered on all sides
with an infinite number of short lines touching
the surface at different points, and situated trans-
versely, thal iz, at right angles to its length.
Suppose these lines to représent magnets, with
the northern polarity of each turned in one inva-
riable direction, as we follow them round the
cylinder. Then will these imaginary magnets
indicate the direction and nature of magnetic
forces, which emanate from the fire as long as
the stream of Voltaic electricity is passing
through it. The particulardirection of the trans-
verse, or, as it has been termed, tangential mag-
netie foree will of course depend on that of the
electric current in the wire, and may easily be
traced in all cases by the recollection of the fol-
lowing fact. Supposing the wire to be in a ver-
tical position—in which case the planes of the
tangential forces will be horizontal—and sup-
posing the stream of positive electricity to be
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descending along the wire, which of course im-
plies that the nezative electricity is ascending,
then that polarity which exists in the end of the
magnetic needle, which naturally turns to the
north, will he impelled round the wire in the
circumference of & circle in a direction similar
to the motion of the hands of a watch; that is,
from the north to the east, and then to the south
and west, The south pole of a magnet will of
eourse be impelled in the contrary direction. A
magnetic body in the vicinity of the wire will,
by the influence of this force, tend to assume a
position, shown in fig. 16, similar to one of the
tangential lines we have been describing as
placed onthe eylinder. But further, the tendency
of the electric current in the wire is to induce
magnetism in goft iron or other bodies capable
of receiving it; and the magnetism so reduced
has the precise direction already indicated as
that whicﬁ a bar previously magnetised would
assume by the influence of the wire. This di-
rection is shown in the figure, where N and 8
denote respectively the north and south poles of
steel bars, situated transversely with respect to
a vertical conducting wire, in which the current
of positive electricity is descending, as indicated
by the arrows.

487. Most of the facts which have been brought
to light by Oersted are the immediate con-
sequences of the above general law. Mr. Barlow's
enunciation of this law is as follows : he states
“that every particle of the galvanic fluid in the
conducting wire acts on every particle of the
magnetic fuid in a magnetised needle, with a
force varying inversely as the square of the dis-
tance; but that the action of the particles of the
fluid in the wire is neither to attract nor to repel
either poles of a magnetic particle, but a tan-
gential force, which has a tendency to place the
poles of either fluid at right angles to those of
the other ; whereby a magnetic particle, suppos-
ing it under the influence of the wire only, would
always place itself at right angles to the line let
fall from it perpendicular to the wire, and to the
direetion of the wire itself at that point.’

488. The transverse, or tangential action, which
we have been describing is one of so extraordinary
a nature, that it can be assimilated to no other
principle in nature, of which we have any know-
ledge. It is not, therefore, surprising that it
v.luﬁml the observation of former enquirers; al-
though in the keenness of research, they almost
stumbled upon the discovery. The fact which
occurred to Beecaria, of the production of
transverse magnetism in an iron bar, by the elec-
tric discharge of a battery, had, in fact, pointed
out the precise direction of this inductive force ;
and the hint, if pursued, would have infallibly
led to the discovery which Oersted made fifty
years afterwards. It is curious that a circumstance
extremely similar 15 on record, with regard to the
observation which eonducted Galvani to the dis-
covery of the science which bears his name;
namely, the convulsive movements of the mus-
cles of frogs, on taking sparks from a neighbour-
ing prime conduetor, charged with electricity.
The very same fact had been noticed by Du
Verney, about a century before, as appears from
a memoir in the History of the French Academy
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of Sciences, for 1700; but was deemed of ne
1m (&

489. The relation which this new magnetic
power bears to the electrical, was also very singu-
lar and enigmatical. Considered as a magnet the
conducting wire acted differently, according to the
side to which magnetic bodies were presented to
it. What was attracted by the one side was re-
pelled by the other ; and, if the power were con-
ceived to be derived from the impulse of a fluid,
that fluid must be circulating perpetually round
the wire in a kind of vortex, of which the wire
is the axis. The consequence of such a verti-
ginous motion, as Dr. Wollaston has termed it,
in the magnetic fluid, would necessarily, under
certain circumstances, produce rotatory motions in
the parts of certain combinations of magnets and
of wires. The suggestion thus thrown out by
Dr. Wollaston was soon after realized, by Mr.
Faraday's discovery of the rotatory movements
which Ead been predicted, and which we have
already pretty fully described. Byplnyl:g
mercury as of the Voltaic circuit, a

aced so as to allow of perfect freedom of motion
in the conducting wire, or in the magnet, accord-
ing to the nature of the experiment, and so as to
obtain the action of one pole only, Mr. Farada
sueceded in effecting a variety of rotations, ho
in the magnet and the wire, in conformity with
the law above stated. [If the positive electric
current be descending along the wire, the north

le of a magnet in its vicinity will revolve round
it in the direction indicated by the arrows. As
action and re-action are equal and contrary, the
wire was seen to revolve round a fixed maguet, in
a direction contrary to that in which the magnet
would have moved, if the wire had been sta-
tionary ; but, since these motions are to be esti-
mated on opposite sides of a common centre, the
direction in the circumference will remain the
same. Thus, as a north pole revolves round a
descending positive electric current in the direc-
tion of the hands of a watch, a wire in which a
similar current is descending, will revolve in the
same circular direction round a north pole placed
in the centre of its motion.

490. The experiments of Mr. Faraday and

rofessor Barlow, confirmed and extended asthey
ave been by Barlow, Biot, and others, appeared
to have cuni’unted us to the most general fact
belonging to the science ; namely, the tendency
to a transverse rotatory motion in the magnetic
and electric fluids, when acting freely on each
other. This fundamental principle once admit-
ted, all the phenomena that had hitherto been
discovered appeared 1o be easily explicable, and
most of them were the immediate and necessary
consequence of that principle. There was, in-
deed, one particular fact, for the discovery of
which we are indebted to M. Ampere, to which
it was less directly applicable, ancre which might
not, perhaps, have been deduced as one of its
results. This distinguished philosopher observed,
that when two conducting wires were so arranged
as that one or both of them were allowed a
certain freedom of motion, they either attracted
or repelled each other, according as the electric
current which they transmitted wasmoving in the
same or in opposite directions in the two wires,
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If, for example, two wires, which are transmit-
ting currents of electricity, be situated within
a certain distance, and parallel to each other;
and if we suppose the currents of positive elec-
tricity to be passing from left to right in both the
wires, they will manifest an attraction for each
other. The same tendency of attraction will also
appear when the positive currents are both mov-
ing in the contrary direction, that is, from right
to left. Butif the current in one wire is moving
in a direction opposite to that of the current in
the other wire, in that case a repulsive action will
take place beiween the two wires, These were
found to be constant and invariable effects of
the transmission of electricity along conductors;
and they were manifested equally, whether the
two currents were obtained from separate Voltaic
batteries, or were only two portions of the same
current in different parts of its course.

491. To understand Ampére’s theory, let us
conceive a slender cylinder of iron imersected
by an infinite number of planes, perpendicular
to the axis, so as to divide it into as many cir-
cular discs, successively applied to each other,
as represented in the engraving, at fig. 17: let
us now imagine that, in consequence of some
unknown action among the particles composing
these circles, a current of electricity is perpe-
tually circulating in their circumferences, as if
l]:iE_F had mem&d a Voltaie ecircuit. Lot us
suppose the direction of these eurrents to be the
same throughout the whole series of circles: the
eylinder thus consututed may be considered as
a magnetic filament; that extremity in which,
when uppermost, the current of positive electri-
city is moving in a direction contrary to the
hﬂ.mla of watch, heiug the ope which has the
northern polarity, that is to say, which will,
when suspended as in a cempass-needle, point to
the north, [t is of course to be understood that
the current of negative electricity revolves in the
opposite direction. A magnet, then, is supposed
to consist of an assemblage of similarly-consti-
tuted filaments ; and, if these postulates be once
granted, all the phenomena of magnetism will
flow from them as corollaries: the magnetic

ower will be resolved into the electrical, and
¢ henceforth erased from the list of original
physical powers.

492, The facts belonging to the science of
electro-magnetism may be classed under five
heads :—the first relating to the reciprocal
actions of two eleetric currents when traversing
a conducting substance : the second, to the mu-
tual action occurring between electric currests
and magnets: the third, to the magnetic action
of the earth on electrical currents: the fourth,
comprising the actions of magnets on each other ;
the fifth, the action of the earth on magunets.
These two last divisions of the subject consti-
tuted what was properly the province of the
seience of magnetism ; the three former havin
sprung up in consequence of the discovery o

ersted, and being of an intermediate character,
had received the mame of electro-magnetism.
Ampére proposes to comprehend them all under
the title of electro-dynamics.

493. Setting out, then, from the primitive
fact, that parallel currents attract one another
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when their directions are the same, and repel
one another when opposite, we have to study
the law of modification which these forces un-
dergo when the currents deviate from strict pa-
rallelism, and are inclined to one another at
various angles, and in different planes. It is
evident that the whole action of the currents
mnst be the combined result of the actions of all
their parts; and that in order to obtain the
former, in every possible case, with mathema-
tical precision, it 15 necessary to ascerain the
simple law which governs the action of those
elementary portions.

494, It is evident, in the first Fluiuce, that the
action will be in proportion to the intensities
of the currents from which that action is de-
rived ; and it has been also determined, that the

uantity of each action in each element, follows
the same law as that of gravitation—uamely,
that it is inversely proportional to the square of
the distance. The action, estimated in the di-
rection of the line drawn from the one ele-
mentary portion of electric current to the other,
and which, for the sake of convenience, we shall
termn the line of junction, will be diminished by
any obliquity in the direction of either of the
currents—in the proportion of the radius to the
sine of the angle which such direction forms
with the line of junction, If, again, we consi-
der the effects of a current, of which the direc-
tion deviates from the plane that passes through
the line of junction, and through the direction
of the other current, and iz situated in another
plane, also passing through the line of junction,
we shall find that, from being at a maximum
when these two planes coincided, it will be re-
duced to the proportion of the cosine of the
angle they form between them. Taking all these
considerations, then, into account, and com-
bining them in one formula, we obtain the fol-
lowing, in which e and b denote the respective
intensities of the two elementary portions of
each current; o their sbsolute distance from
each other, measured of course on the line of
junction; a, 3, the angles which their respective
directions make with the line of junction, and y
the angle betweem two planes, each passing
through the direction of the respective current
and the line of junction. Then the action of the
two currents on each other, estimated in the di-
rection of the line of junction, being expressed
by A, — ;:.:.f (sin. a. sin. f. cos. .}

495, In the course of this investigation, Am
Efre found reason to conclude that the formula

us obtained was still only an approximation
to the true law; for portions of the same, or o

ditferent currents, that were moving at very ob-
lique angles, or even in the same contin line,
were observed to exert a certain degree of re-

pulsion on each other: he therefore introduced
another term in the formula; and, as he was
at first unable to ascertain the amount of its in-
fluence, prefized to it the co-efficient k, the value
of which was left for future determination. The
whaole formula will then stand thus: —

hzg.? (sin. a. sin. B. ¢os. y. + k. cos. a. cos. .
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406. Ampere at first regarded the value of k as
exceedingly small, and thought it might safely be
neglemncﬁ Subsequent researches have led him
to conclude that it was equal to—4, so that the
whole of that term has a negative value when
the cosines of the two angles are themselves po-
sitive.

407. The forces of electro-dynamical action,
determined by the law above stated, are subject
to the same laws of composition and resolution
as all other mechanical forces, and afford, there-
fore, equal facilities for mathematical investiga-
tion. Many consequences important to the
theory of particular facts are deducible from this
consideration. Thus the action of a small por-
t'on of conducting wire, bent into any number
of flexures and contorted forms, provided they
do not extend to any great space, upon a distant
current of electricity, will be equivalent to that
of a similar wire proceeding in a straight course
between the two extreme points of the contorted
wire,

498. Another corollary deducible from the
ﬁ&neml law is, that the total action of a con-

ucting wire of infinite length upon any pottion
of an electric current, moving in a direction pa-
rallel to the wire, is in the simple inverse ratio
of the shortest distance intervening between the
two currents—that is, of the line drawn from
one to the other, which is perpendicular to both.
This consequence had been already dedueed by
Laplace, and was verified by direct experiment
by Biot, as well as by Ampere.

499, Setting out from the simplest case, where
a simple attractive or repulsive power is mani-
fested, namely, that in which two currents are
rectilineal, and in parallel directions, and in
which the action iz at its maximum in point of
degree, we proceed to consider the variations
which a change of inclination will produce.
Let us first suppose one of the rectilinear cur-
rents, or wire which conveys it, to be inclined,
as is shown at fig. 18, at a certain angle, and
in a plane which does not lpass through the
other wire, or channel in which the other current
is moving. In this case, a compound force, or
at least one that may be resolved into two forces,
is called into action. Let us snppose a line mn,
fig. 18, drawn between the points, in each wire,
which are the nearest to each other; a line
which will, of course, be perpendicular to both
the wires, and which may be called the line of
junction: the points m,n, where this line meets
the wires, will divide each wire respectively into
two portions. Those portions of the wires, as
a and b, or ¢ and o, in which the currents are
both moving, either towards those points or from
ﬂmm, will be attacted towards each {;lher,—u.n_
action which will at first tend to turn them on
the line of junction mn, as an axis, in planes
perpendicular to that axis, so as to diminish the
angle which they form, and to bring them into
the parallel positions indicated by the dotted
lines; and will also tend to make the two wires
approximate. The former portion of this foree,
wﬁcli produces a rotatory action, may be termed
a directive force; the latter, which tendz to the
approach of the wires in the direction of the line
of junction, may be termed the approximate
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force.  This last force commences when the
two wires are at right angles, and attains its
maximum when they are brought by the direc-
tive force into a parallel position. When the
corresponding portions of the wires, on the con-
trary, ﬁrm an obiuse angle, the approximative
force is negative, and is so in the greatest degree
when the wires are parallel, with their current,
moving in opposite directions.

500. This action will be considerably modi-
fied if, instead of supposing the two currents
to be of equal length, and crossing one another
at the line of junction, we take only a very
limited portion of a rectilineal current, situated
wholly on one side of the other current, which
is itself of indefinite length; and we may now, -
for the sake of greater simplicity, assume them
to be both in the same plane. If we analyse
the forees which act on each side, and on each
part of the limited portion of the current, the
one set being attractive and the other repulsive,
we shall find that the resultant is a force which
will impel it in a direction perpendicular to itself,
in the plane common to the carrents, and so as to
preserve its parallelism; and this will happen,
whatever be the angle of inelination of the less cur-
rent to the greater. Indeed wemight show by ex-
periment the direction in which the shorter wires
will tend to move by the action of the current in
the lower wire, supposed to be of indefinite length.
The direction of this progressive tendency will
be determined by that of the currents. When
they are paraliel to each other, they tend to ap-
proach or to separate, according as the direction
of the currents is similar or dissimilar. When
at right angles to each other, and the positive
current in the shorter wire is receding from the
longer wire, the shorter wire will be urged for-
wards in the same direction as the positive cur-
rent is moving in the longer wire; and, vice
versil, it will be urged in the opposite direction
when the current of positive electricity is moving
towards the longer wire. Such then would be
its motion were 1t free 1o move in all directions;
but, if its motion be limited, in that plane, to a
movement of rotation round one of its extremi-
ties, the same forve will Fmducu its continunl
revolution, with a uniformly accelerated veloeity
round this axis; because the force itself is in-
dependent of the angle of inclination of the
currénts, and is, therefore, uniformly exerted
during the whole period of its revolution. Tt
is to be observed, however, that the two cases
we have here supposed, in which the effect of a
straight current of indefinite length can be
limited to a small portion of another current on
one side only, are such as are not easily realised in
practice. The difficulty lies in disposing of the
remaining portions of the current, so that they
shall not interfere with the effects intended to
be produced. The only mode of obtaining this
object is to provide for their subdivision and
branching off in different directions, at the end
which is nearest to the current whose action we
are studying; so that these different portions
shall act in opposite ways, and thus neutralise
each other's effects.  This object may be accom-
plished most conveniently and effectually by
allowing the ends of the smaller portions of
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wire to dip in mercury; which will not only
carry off the stream of electricity in various
directions, but also allow of perfect freedom of
motion.

501. Let us now investigate the action of
currenis moving in the circumference of acircle,
which may be examined by means of a con-
ducting wire bent into such a form, that its ex-
tremities come very near each other, but are
prevented from touching by being covered with
silk, or other insulating substances. The force
acting on such a wire, while it is transmitting
electricity by the influence of a rectilineal cur-
rent in Ifle vicinity, will tend to bring it into
such a position, as that its plane shall eoincide
with that of the rectilineal current, and so that
the direction of the currents in the adjacent por-
tions may be the same. In this position, these
adjacent portions attract each other, while a re-
pulsion is exerted between the straight current
and that in the remoter part of the circle, which
moves in the opposite direction. These two
forces are, therefore, opposed o each other; but
the attractive foree Frevails, on account of the
greater vicinity of the attracting than of the re-
}}eiling portions, That portion of the original
orce which made the plane turn upon itself, so
as to bring it into parallelism with the straight
current, must be regarded as the directive force.
It is here composed of two forces, the one attrac-
tive, the other repulsive, but which, acting on
cﬁensite sides of the axis of rotation, concur in
their effect. Thus while the approximative force
is the difference of the two forces, the directive
force is equal to their sum.

502. It will be easily understood, that forces
of a similar kind are the result of the action of
the circular current on the straight wire ; and that
the latter is urged to assume a position in the
same plane with the former, and so that the ad-
jacent currents may be in similar directions.

503. The action of a circular current upon a
small portion of a straight current at richt angles,
or otherwise inclined to the plane of the former,
and lying wholly on one side of it, will be some-
what modified. If the direction of the straight
current, when prolonged, pass near the centre,
the forces which act upon it will be nearly
balanced, and no re-action will result; if it be
near to the circumference the action of the ad-
jacent portion will predominate, and we shall
obtain results analogous to those which we have
traced with regard to straight wires. Hevolving
motions will result either in the straight wire or
in the eircular one, according to their positions,
and according to the direction of the fixed points
which may limit their movements. The direction
of the motion is determined by the circumstanees
of the approach or recession of the current to or
from the same point, as we have before ex-
plained,

504. Having considered the action of a ¢ircu-
lar on a rectilineal current, we may now siudy
the reciprocal action of twe circular currents,
When the eentre of the one lies in the plane of
the other circle, a directive force will operate,
“ténding to bring its whole circumference into
that plane, and to assume a new position ; and
when, in this position, the resultant of all the
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forces which are in operation will be an attrac-
tion or a repulsion, according as the cur-
rents in the adjacent portions of the circum-
ferences are moving in the same, or in opposite
directions.

505. Lf the two circular currents be situated
opposite to each other, so that the centre of the
one be in a line perpendicular to the plane of
the other, and passing through its centre, similar
phenomena will take place with respect to the
directive and approximative forees ; which will
produce, in the first place, a tendency to paral-
lelism, and then either attraction or repulsion.
For each position of the centres intermediate to
the two former, we shall find a pirliful;]: Pug.j_
tion of equilibrium in planes inclined at a cer-
tain angle, whose intersection is exterior to the
circles themselves, This position of equilibrium
is determinate, and excludes the possibility of
any continued rotatory or revolving motion,

506. It is an important preliminary to the
study of Ampére’s theory to obtain correct ideas
of the action of the two circular currents upon
one another, because such currents are supposed,
in his hypothesis, to be the elements of all mag-
netic action, This magnetic action may be re-
garded as the resultant of the forces exerted by
every part of the circular currents; and as con-
stituting two forces emanating from its centre,
and being of an opposite species on each side of
the plane of the circle. If we suppose the circle
to occupy a vertical plane passing nearly through
the eye of the observer, placed without the circle,
and the current of positive electricity to be pass-
ing downwards on the side next to the spectator,
and upwards on the remoter side, then the force
exerted on the side to the right of the plane, con-
sidered as a magnetic force, will correspond to
the northern polarity, or to a polarity belonging
to that end of the compass which tumns to the
north. The force extending to the left, will, of
course, correspond to the southern or opposite

larity, When two circular currents are

rought together on the sides where similar
lirities reside, they repel each other, becanse the
two currents are then moving in opposite direc-
tions in each ; but, when the dissimilar polarities
are presented to each other, attraction takes
place, because the currents are then similarly
directed.

507. The intensity of all these forces is much
increased when the powers of several circles are
combined, which may be obtained by bending
the ‘conducting wire 50 as to compose a spiral ;
the successive coils of which will conspire
together in producing the respective polarities on
each side : spirals thus constituted act exactly as
magnets whose poles might be supposed to be
situated in the centre of each disc.

508. But the imtation of magnetic bodies is
rendered still more complete, when the turns of
the wire are made, not in the same plane, but
on the surface of a cylinder, 5o as to form a helix
instead of a spiral. If the wire, after having
formed a helix, be bent back so as to return in
a straight course in the interior of the cylinder,
with the usual precautions against contact, we
obtain a very perfect accordance with the theory
already examined.
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509, We come now to the subject of terres-
trial magnetism. If we assume that the action
of the solar rays on successive of the torrid
zone, from east to west, produces currents of po-
sitive electricity in that direction, and which may
be regarded as collectively circulating in what
may be called the magnetic equator ; attended,
as they must always be, by counter-currents of
negative electricity in the same equator, but in
the opposite direction; and also that these cur-
rents have the same properties and modes of ac-
tion with all other electrical currents,—then there
must result, as a necessary consequence, a two-
fold pelarity, apparently belonging to the earth,
and directed to the poles of this magnetie
equator.

510. Tt is to be observed, that as that polarity,
which is situated near the north pole of the
earth, results from a current moving in a direc-
tion similar to that of the hands of a watch, it
will have the properties of a southern Eolarit}',
in the sense in which we have invaria 'IF used
the term; that is, it will attract the north pole
of a magnet, and repel the south pole; while
actions the reverse of this will take place in the
southern hemisphere. It is unnecessary to re-
mark, how exactly this theory aceords with all
the known facts relative to the action of the earth
on magnets. The directive t‘]Ju:nwur which acts
on magnets on the surface of the earth, is the
result, not of any real influence proceeding from
that part of the earth to which their poles point,
but of the action of the currents at the magnetic
equator, and the tendency of the currents in the
magnet itself to turn it, so that they shall attain the
position of equilibrium we have already adverted
to, in considering the mutual action of two cir-
cular currents. This position is precisely the
plane which is perpendicular to the line of mag-
netic direction ; that is, to the axis of the di
ping needle: for as the electric currents in the
needle are at right angles to its axis, it follows
that when they arrange themselves in conformity
with the equatorial currents of the earth, that
are circulating east and west, that axis and the
whole needle will point to the north and south
—as we find they actually do.

511, The nature of this influence is more
clearly discernible when it is exhibited in its sim-
plest form, on a single circular current, which,
as we have seen, may be regarded as the ele-
ment of a magnet. A conducting-wire bent into
the form of a cirele, when free to move, always
assumes, by the electro-magnetic action of the
earth, a position in a plane descending to the
south, intersecting the horizon in a line passing
east and west, and inclined to it at an angle
which is the complement to the dip; that is, in
a plane which is perpendicular to the magnetic
meridian. Its northern and southern polarities
are equally real with that of 2 magnetic needle ;
but appertain to an imaginary axis passing
through the centre of the circle and perpendicu-
lar to its plane. The direction of the currents
on 1ts south side, or that nearest the equator, is
similar to those in the earth's equator—that is,
from east to west (the positive current being
always understood as defining the direction).
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All these circumstances are sufficiently illus-
trated in the theory we have been endeavouring
o explain, and of which we shall furnish expe-
rimental data in referring to the a s cons
trived by Mr. Barlow, and employed in the
theatre of the London Institution.

512. The same phenomena are observed, if
the course of a moveable wire be that of a pa-
rallelogram ; or, indeed, any plane figure which
returns into itself, as well as if it were a circle.
By varying these forms, we are enabled to ob-
serve and distinguish the effects of the earth's
influence on wires which are parallel to the direc-
tion of the dip, and on such as are at right angles,

513. The action of the éarth on spiral con-
dueting wires is precisely similar in kind to that
of single circles, but it is more powerful jn de-
gree. Helices are, in like manner, found to obey
the terrestrial influence, just as magnets do when
placed in similar circumstances as to freedom of
motion, provided the electrical currents which
they convey are of sufficient intensity. Conti-
nued progressive, or even rotatory motion may
be obtained by the same influence, in condue-
tors whose motions are limited to certain planes,
either in parallel directions, or round an axis,
So that, in fact, every experiment that has been
tried, and @ great variety has been devised by
the ingenuity of numerous experimentalists, has
served but to confirm the correctness of Am-
pere’s views of the theo;g‘lof magnetism. [t is
easy to distinguish whether the motion of any
part of a Voltaic circuit is the effect of the influ-
ence of the earth, or merely of the other portions
of the same circuit, by reversing the communi-
cations with the ends of the pile or battery em-
ployed : in the former case, the direction of the
motion is immediately reversed by this change ;
and in the latter case, the action continues the
same as before.

514. Ampére is far from supposing that the
suecessive action of the solar rays on the equa-
torial regions of the earth is the sole cause of the
electric currents that circulate in them. Internal
changes, taking place in the earth itself, must
also concur in producing them; for it would
otherwise be impossible to account for the ob-
served variations in their effects. The diurnal
variations may, however, fairly enough be attri-
buted to the alternate changes of temperature
occurring in different parts of the torrid, and
even of the temperate zones.

515. The phenomena of magnetic induction,
whether effected by currents of electricity passing
through a conducting body, or by a magnet in
which such currents are assumed to exist, are
also in perfect conformity with this hypothesis.
A conducting wire tends to the determination of
currents in the same direction as those which it
conveys itself, in all the magnetisable bodies in
its vicinity : these currents continue to circulate
with more or less permanency, after the removal
of the current which originally determined them.
In soft iron they soon disappear: in steel they
continue to maintain themselves, and give rise to

rmanent ts. The polarities thus in-

uced will have transverse directions with respect
to that of the current to which they owe their
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origin, for the reasons we have already so fully
explained.

516. Numerous facts have induced Ampére to
conclude, that the circulation of electric currents
peculiar to magnets takes place round each par-
ticle of the magnetic body; he has also adopted
the opinion that these currents pre-exisied, in the
bodies susceptible of tism, before this pro-

was imparted to them; but, as they were
moving in every variety of direction, they neu-
tralised each other, and could produce no exter-
nal effect. It is only when a determinate
direction has been given to them, either by
another magnet or by a Voltaic current, that
they become capable of exerting any magnetic
action.

517. By a very curions experiment, Ampere
has proved, that a powerful electric current has
a tendency to excite similar currents in neigh-
bouring bodies, not generally susceptible of
magnetism. A copper wire of considerable
length wis rolled round a cylinder, so as to form
a coil, all the turns of which were separated from
each other by silk riband. Within this spiral
coil a ring of brass was freely suspended by a
fine metallic thread, sing through a small
glass tube, which was placed between the threads
of the copper coil. The circumference of the
ring, in every part, was thus brought very near to
the copper wire, throngh which a powerful Vol-
taic current was made to Under these
circumstances the brass wire was attracted or re-
};;elled by a magnet, in the same way as it would

ave been had 1t formed part of the same Voltaic
cireuit. The action, indeed, was but feeble, and
Ampére, in his first trials, failed in his endeavours
to render it sensible ; but, on persevering in the
attempt, his success, at last, was complete and
unequivocal.

518. A simple cireular current, or what will
act still more powerfully, a spiral coil, when
presented to a magnet exhibits phenomena pre-
cisely analogous to those afforded by the ends of
magnets; acting as north poles on one side, and
as south poles on the other. If the currents in
these spirals be reversed, the polarities on each
side are in consequence immediately reversed ;
what was hefore a north, now becomes a south
pole; and vice versi.

519. But the simple circular conducting wire
or nng exhibits, in consequence of the vacant
space in its centre, phenomena which neither the
spiral coil, of which the turns occupy the whole
disc of the circle, nor any magnetised iron can
produce. M. Dwe la Rive contrived, upon this
principle, a very pretty and instructive experi-
ment, which is noticed in another part of this ar-
ticle. A floating conducting ring being placed
80 as to encircle a magnet, but in such a way as
that the currents in each did not accord, was re-
pelled along the magnet till it reached its end ;
when it spontanecusly turned half round, and
was then attracted by the magnet, again encircled
it, and proceeded to settle itsell round the mid-
dle of its length, where it remained in equili-
brio.
520. A still more perfect aceordance with
magnetic phenomena is presented by the helia-
cal arrangements which we have denominated
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Voltaie magnets. These possess lar poles at
both ends ; the one bein Puﬂmtﬂu, lhmeg::tlmrpsuuth:
which poles are immediately changed into the
opposite kinds, by merely reversing the course of
the current.  They obey the action of magnets
which are presented to them, are attracted and
repelled, and assume determinate positions with
respect to the magnet, Lust as if they were ordi-
nary magnets: of which, indeed, they possess all
the essential properties, and for which they may
be substituted in almost every form of expen-
ment.

521. The phenomena of revolving motions,
effected either in magnets or in wires, by their
mutual action, as first discovered by Mr. Fara-
day, and as afterwards extended by Ampere,
Barlow, Savary and others, and which haveieen
regarded by most philosophers as indicative of
the rotatory tendency being an ultimate fact, will
be found, on attentive examination, to be not
only in strict accordance with, but to be direct
consequences of Ampere’s tl:euriy. Instead of
constiluting ohjections to that theory, as was at
one time supposed, they have pmvﬁ, in faet, to
be amongst the stron confirmations of s
truth. It would extend this article 10 too great
a length were we to engage in the detail of the
circumstances of each experiment, so as to follow
all the particular applications of the theory, and
trace their agreement with the observed results ;
but the general principles on which they are to
be accounted for have already been sufficiently
explained. It is also to be remarked, that Am-
pere asceriumed, by suitable variation in the
experiments, that these rotatory movements,
although strictly deducible from his own theory
of the constitution of magnets, where the action
of the portion of conducting wire was alone
taken into account, were generally, in a much
greater degree, the effect of electrie currents
taking place in the mercury, into which the ex-
tremities of the wire were immersed, and the
re-action of which on the wire produced a con-
siderable repelling force.  He found it, indeed,
as impracticable in mechanism, as it was impos-
sible in theory, to produce rotation without em-
{.Jlaying fluid conductors in some part of the

oltaie eireuit.

522. To take one of the simplest cases of elec-
tro-magnetic action, let us suppose a vertical
conducting wire, in which the positive current is
descending, presented to a magnetic bar sus-
pended by its centre, 5o as to meve freely in a
horizontal plane, and which has assomed its
usual position in the magnetic meridian by the
influence of the earth.  In this position, all the
currents contained in the magnet are ascending
on its western, and descending on its eastern side.
The former will therefore be repelled, and the
latter attracted by the wire, and the magnet will
so arrange itself that the middle of its attracting
side shall be opposite to the wire.

523. When two magnets, on the other hand,
are presented to each other, end to end, it will
depend upon the direction of the currents being
similar or dissimilar at the adjacent ends, whe-
ther attraction or repulsion w':IJI take place; the
former happens when the north and scuth poles
are opposite to each other: the latter when simi-
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lar poles front each other.  The first case may
be illustrated by two watches laid the one above
the other, so that the dial of the one may be in
contact with the back of the other; the hands
will then, in both watches,.be moving in the
same direction. The second case is represented
by their being laid face to face, when it will be
seen that the motion of the hands are now in op-
site directions,

524. But the attractive or repulsive forces
are not merely produced by currents at the ends
of the mangets; they are the result of the action
of- all the currents from one end to the other of
each magnet. We must regard the total action
as composed of the attraction or repulsion of one
whole side of the one to one whole side of the
other; and of a similar attraction or n;-pu]sit:n
hetween the two other sides: while the contrary
action is excited between those respective sides
which may be differently grouped. Thus, call-
ing the east and west sides of a magnet the sides
which face those points, when its axis is in its
natural position in the magnetic meridian, the
east side of the one will attract the east side of
the other, and repel the west side: the west side
will, in like manner, attract the west and repel
the east. The tendency of this action is to bring
the two ecastern sides parallel, and as near to
each other as possible: when this position has
been attained, the north pule of each magnet will
be adjoining to the south pole of the other, and
the attractive action will be at its maximum,
The same must be understood, mutatis matandis,
of ihe rﬂPulsivc action, which is greatest when
the east side of the one is parallel and adjoin-
ing to the west side of the other; in which case
the two poles of the same name in each magnet
are adjoining to each other.

525, The attentive consideration of these com-
binations of forces will explain a difficulty which
at first might be apt to startle us. When the
north end of one magnet is directly opposed to
the south end of another, the adjacent currents
run in similar directions, and there is, therefore
no difficulty in understanding how attraction
takes place: but if the one magnet be moved a
little to one side, and brought in a parallel di-
rection, till the two adjacent ends have just
past one another, we then find that such a
coincidence of adjacent curreénts no longer takes
place: on the contrary the eastern side of the
vne, where the current is descending, is close io
the western side of the other, having an ascend-
ing current. Repulsion therefore, as it would
seem, should now take the place of attraction :
whereas we find that, under these cirenmslances,
the two poles still exert a powerful attraction.
The reason, however, will appear when the ac-
tions of all the other currents, besides those that
are immediately adjacent, are taken into aceount.
It will then be found that the repelling posi-
tions belonging to the two magnets are, in con-
sequence of the great obliquity of their actions,
much less powerful than the attractive portions,
which act at a greater angle.

526. Mr. Buxton has published a new theory of
electro-magnetism in a work of Mr, Partington’s,
o which it may be advizable briefly to call the
reader’s attention.  He says, T have at all times
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been particularly averse to the basis upon which
the present theory of electro-magnetism is
founded, where there i3 su to exist a
strong analogy, if not a comple identity, be-
tween the electric and magnetic fluids; and also
to the many unnatural modifications which have
been resorted to in order to support the above

sition. 1 allude to the various routes which
the electric fluid has been supposed to take in its
transmission through a conductor connected with
the two {l:ulas of a galvanic battery, in order to
account for the deflection of a magnetized needle
exposed to its influence, while it is a well-known
fact that electricity invariably takes the most di-
rect and shortest route in its transmission through
any conducting substance.

527, ¢ Naturam expellas furcd tamen usque re-
curret,” says Horace ; and in this instance it is ve-
rified. For evenwith the assistance of these assump-
tions, and many others, which are notonly irrecon-
cileahle with the known and established laws of
nature, but even incongrucus to each other, we are
unable to account for many of the most interest-
ing phenomena of the science. It would be
wrong to reject any hypothesis without giving
some grounds of objection, and I shall therefore
endeavour to show, that though these two pro-
perties may, in an unqualified sense, be made
to agree and to possess similar attributes, yet nei-
ther of these argues a physical identity, or even
analogy. It is true, they may be made to agree,
but this only in a bare definition, iummucﬁm:s
they may both be defined to be properties of
natural bodies; but this must not be taken as a
general definition, as it would lead to the pre-
sumptionof a co-existence of these two properties
in all bodies, whilst, in fact, the metallie ies
are those only wheremn they are found in combina-
tion: the non-metallic bodies, though evidently
possessing the electric principle, seem destitute
of the magnetic. Hence we draw our primary
distinction, that electricity is a general physical
property of all bodies, and that magnetism is a
particular property of metals,

528. ¢ If electricity and magnetism were iden-
tical, their phenomena should be similar, and
should be exerted under similar circumstances.

5290, ¢ Electricity is capable of exerting attrae-
tions and repulsions, and magnetism possesses
the same attributes ; but this parity exists merely
in the unqualified ideas of mere attraction and
repulsion, without adverting to the particular
circumstances under which these phenomena are
made sensible, or the particular objects upon
which their influence iz exerted.

530. ¢ Electricity appears to attract all bodies,
but repels itself. Thus, when a body in its na-
tural state of electricity is brought within the
influence of another gu:ly which con'sins a
quantity of the electric principle redundant to
its natural eapacity, the Ers‘r. hody will abstract
the fluid from the second, and be attracted by
it until they both become similarly electrised,
when they will be repelled.

531. ¢ From these premises, we draw the con-
clusion that the attractive and repulsive qualities
of electricity are dependent upon the different re-
lative proportions of this principle in each contain-
ing body, with respect to its capacity, and to the
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different relative proportions contained in both
bodies with respect 1o one another.

532. ¢ Butin magnetism these qualities are ex-

“erted under a complete dissimilarity of circum-
stances ; for, on two magnetic bodies being
bronght within the sphere of each other's action,
we find that the different parts of the several
bodies act differently upon each other; hence,
that part of the magnetised body which we de-
nomnate the north pole, attracts that part of a
similar body denominated the south pole, and,
¢ converso, any two of these similar and corre-
sponding parts in different bodies repel each
other. From this we may infer, that the attrac-
tions and repulsions exerted by magnetic bodies
are dependent upon different modes of action,
being exerted in different situations in similar
budies, and not from any difference in the rela-
tive proportions of the magnetic principle existing
in the different bodies, as is the case in electricity.

533, ¢ The dissimilar modes of action employed
by electricity and magnetism, in exerting their
attractive and repulsive qualities, may be eluci-
dated by the following experiment: [f a piece
of steel, highly magnetised, be brought within a
short distance of another piece of steel n ils
natural state, the latter will be powerfully at-
tracted ; and, until being drawn into close con-
tact with the former, they will both exhibit a si-
milarity of magnetic phenomena, and remain in
that situation until disturbed by some extrinsic
agent. Whereas, in order that these properties
of atrraction and repulsion exerted by magnetism
should «coincide in their modes of action with
electricity, a mutual attraction should at first take
place between the two bodies until both become
equally magnetic, when they should be mutually
repelled.

534. ¢ 8o far I have merely mentioned those
properties of electricity which, from a too hasty
observation, might appear also to obtain generally
in magnetism ; but I might adduce many proper-
ties in each of these which are not found in the
other. This might, however, lead to a disquisi-
tion which would form an octavo volume, and 1
must therefore refrain from tréespassing on your
valuable pages.

535. ¢ Though the renouncement of the princi-
ple of identity of electricity and magnetism is a
sufficient denial of the presen{ theory, it will be
found that, even with the admiss.on of this prin-
ciple, it would be incapable of accounting for
many of its most brilliant phenomena.  Among’
these are the interesting experiments of the at-
traction of two parallel galvanised wires, when
the route of the electric fluid is similar; and
their repulsion, when the electric fluid in each
passes in acontrary direction. Another peculiarity
which iheorists have been unable either to recon-
cile or smother, is the fact, that if a piece of soft

iron be placed in a tube of glass, and herme-
tically gealed, the whole being enclosed in a
spiral condueting wire, on the galvanic stream
passing through the spiral, the enclosed piece of
1ron will become strongly magnetic ; if we admit
this as the immediate effect of electricity, we must
deny the impermeability of glass by the electric
nﬂﬁ, and with it the theory of the Leyden jar, and
in faet endanger the whole science of electricity.
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536. ¢ The admission of an analogy exisling he-
tween electricity and magnetism, seems the eflect
of a too saperficial observation and hasty con-
clusion, and the notion seems first to have arisen
from the circumstance that lightning has been
known sometimes to destroy the polarity of mag-
netised needles, at others to have magnetised
pieces of steel which had not before any sen-
sible magnetie properties. Afier the observi-
tion of these facts, and when the identity of
lightning and electricity was afierwards estab-
lished, it was presumed that common electricily
would necessarily produce the same effects : this
is found to be the case, and steel may be mag-
netised either by the Voltaic pile, or by the elec-
tric machine.

537. ¢ But, though electricity is thus capable
of exciting magnetism in iron and other metals,
still this property is not confined to electricity,
for the same effect is produced by filing, drilling,
twisting, and several other mechanical means.
Electricity ought, therefore, merely to be consi-
dered as one of the various means which nature
employs to excite the latent magnetic properties
of metals.

538. ¢ Having so far premised, I shall now en-
deavour to show that the phenomena of electro-
magnetism are merely some of the most simple
operations of nature, and that they involve no
difficulties but what are easily explained by her
most simple laws,

530.¢ F;“_E admit of magnetism being an essen-
tial property of metals, as no magnetic pheno-
mena are sensible to our observation, except under
particular circumstances, we must necessarily
infer that this property exists in a latent state,
which must arise from the natural disposition of
the parts of the metal being unsuitable to the
circulation of the magnetic fluid ; a necessary
precedent to any magnetic phenomena.

540. ¢ That some metals are more easily mag-
netised than others 1sa well-known fact, and this
frequently obtains in similar metals which have
been differently operated upon; this must be
ascribed to the above canse, viz.:—to the differ-
ent organisation of different metals. Thus the
latent magnetic principle in steel may not only
be brought into action by means of electricity,
but the same may be effected by a blow, twist-
ing, &e., and by being rubbed upon an already
excited magznet; whilst, to excite the latent mag-
netic principle inherent in gold, silver, brass,
and other metals, the transmission of an electrie
stream across the metal seems invariably neces-
sary : this, by disturbing the mutual cohesion of
the parts of the metal, and by opening a free
passage for ils own circulation, at the same time,
effects a similar arrangement for the circulation
of the heretofore latent maznetic fluid. -

541. ¢ If the electric force thus employed be but
small, and the parts of the metal through which it
has been transmitted not sufficiently removed
without their mutual sphere of attraction, the
magnetism excited will be but temporary ; for,
immediately upon the discontinuance of the elec-
tric stream, the parts of the metal by ther
natural attraction will resume their original
arrangement, and the magnetic principle will
again become quiescent.  If, however, the elee-
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tric stream, transmitted through the metal be
sufficiently strong to effect a total alteration of
the relative situation of its parts, the circulation
of the magnetic stream will remain constant.
However, the permanence of the cireulation of
the magnetic stream does not seem so much to
depend upon the intensity of the électric stream,
as to its direction, with respect to the internal
structure of the metal through which it has been
transmitted.

543. ¢ Under the impression that all metals
contained the magnetic principle in some degree,
and also that the conducting wire, connected
with the two sides of a battery, is actually mag-
netic during the transmission of the electrie
fluid, as is demonstrated by several indubitable
experiments, [ was led to suppose, that the de-
flection of a magnetic needle, and the other

henomena of électro-magnetism, were not the
immmediate effects of electricity, but of the tem-
porary magnetism excited in the condueting
:—in_-ed, during the transmission of the electric
uid.

543. < With this view, T undertook a series of
experiments with different conductors of galvan-
ism (avoiding the metals as being capable of
magnetic excitation), supposing that as these
non-metallic conductors were incapable of ex-
erting magnetic influence, they would produce
no disturbance in the needle during their trans-
mission of the electric fluid; and these expec-
tations were very satisfactorily realised; for on
attaching any of these conductors to the poles
of the battery, and presenting the needle, not the
least sensible deflection was produced ; but, on
removing these, and substituting metallic con-
ductors, a deflection of 90° immediately ensued.

544. “In applying this position to electro-
magnetism, it will not be pecessary to recapitu-
late the experiments which have not only
appeared in most of the journals of science, but
have alse appeared compiled in a volume.
Neither will it be necessary to apply it minutely
to any of the experiments, as from its simplicity
the experimenter may, by substituting artificial
magnets upon a wire, instead of exciting its
inherent magnetism by means of the transmission
of the electric finid, perform several of the most
pleasing experiments; and this would obtain
universally, were he capable of adjusting his
magnets with as much precision as is effected
by electricity.

545. ¢ It will, however, be necessary to men-
tion one uliarity which takes place with
respect to the direction of the route of the mag-
netic fluid, in a piece of metal during the trans-
mission of the electric by which it has been
exeited ; the direction of the route of the mag-
netic fluid seems to be at right angles, or nearly
so, with the direction of the route of the electrie:
thus, when the electric fluid is transmitted in the
longitudinal direction of the metal, the magnetic
will move at right angles with it, and conse-
quently transverse of the metal; but if the
electric stream take its course transverse of the
metal, as by means of the spiral conducting
wire, the magnetic stream will still move at right
angles with the electric, and consequently in the
longitudinal direction of the metal, each extre-
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mity ol which will possess a different magnetic
ole.”

b 546, Whentwo electrified spheresare made gra-
dually to approach each other, and when there
does not exist between the species and the quan-
tities of electricity which they possess, the
ticular relation which would be mhlishedpaﬁ;
their contact, the thickness of the electric stra-
tum at the points nearest each other, on the two
surfaces, becomes greater and greater, and in-
creases indefinitely as their distance diminishes,
It is the sume with the pressure exerted by the
electricity against the mass of air intercepted
Petween the two spheres; since the pressure, as
we have mEntioanahove, is always proportional
to the square of the thickness of the electric
strata. 1t must at last then overcome the resis-
tance of the air, and the fluid, in éscaping under
the form of a spark or otherwise, must pass,
previous to the contact, from the one surface to
the other. The fluid thus sceumulated, before
the spark takes place, is of a different nature,
and of nearly equal intensity on each of the
spheres. If they are electrified, the one vitre-
ously and the other resinously, it is vitreous in
the first and resinous in the second ; but when
they are both electrified in the same manner,
vitreously for example, there arises a decompo-
sition of the combined electricity upon the sphere
which contains less of the vitreons fluid than it
would have in the case of contact; the resinous
electricity, resulting from this decomposition,
flows towards the point where the spark s pre-
paring, and, on the contrary, the other sphere,
which contains more vitreons electricity than it
would have after the contact, remains vitreous
over its whole extent.

547. The phenomena are no more the same
after the two spheres have been brought in con-
tact together, and are then removed, however
Iitile, from each other. The ratio which then
exists between the total quantities of electricity
with which they are charged, causes to disaprzar
in the expression of the thickness, the term which
before becanre infinitely great for a distance in-
finitely small, and no spark takes place. The
electricity of the points nearest each other upon
the two spheres is then very feeble, for
small distances, according to a law which
culation determings, and its intensity is nearly
the same on both spheres; but, when they are
unequal, this electricity is vitreous on the one,,
resinous on the other ; and it is always upon the
smallest that it becomes of a nature contrary to
the total electricity, which is conformable to the
observations related above.

548, In general, all the varieties of these phe-
nomena depend on the relation which we esta-
blish between the radii of the two spheres, and
also between the quantities of electricity with
which they are charged. We may even deter-
mine these proportions in such a manner, that,
at a certain distance, the thickness of the electric
stratum on the small sphere may be almost con-
stant, o that this sphere may remain near the
other, almost as if it were not ex to any
action, not from the weakness of the electricity
on the other sphare, but in consequence of & sort
of equilibrium which is then established between
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s action u the smallest, and the re-action of
this upon itself. In this case, the electricity
diffused over the large sphere is vitreous in cer-
tain parts, resinous in others, and its thickness
in different points presents very considerable
variations, M. Poisson has determined the
proportions of volume and of electric charge
necessary to produce these phenomena; and in
this respeet, as we have formerly observed, his
analysis has anticipated the observations.

549. To complete the case of two electri-
fied spheres, placed in presence of each other,
M. Poisson has calculated the changes which the
greater or less distance produces on the state of
the points most distant from those where the
contact takes place. In this respect, he has
found, that, in proportion as the two spheres ap-
proach each other, the thicknesses of the electric
stratum in these points tend more and more to-
wards the values which they would have at the
instant of contact. As they arrive at this limit,
however, but very slowly, it hence follows, that
even at very small distances, they differ yet
much from what they would be, if the contact
or the spark actually took place. Hence we
conclude also, that the spark, when it takes
place at a sensible distance, changes suddenly
the distribution of the electricity over the whole
extent of the two surfaces, from the point where
it is produced, even to that which 1s diametri-
cally opposite,  This re-action is easily verified
by experiment : we have only to fix, at certain
distances from each other, a long and insulated
conductor, c-:ru;pieﬂ of linen threads, with pith-
balls suspended to them, and to communicate to
this conduetor a certain quantity of electricity,
h‘y which the threads may be made to diverge;
if we then draw successively, several sparks by
the contact of an insulated sphere, whose vo-
lume is not too small, all the threads will he
observed to be disturbed, and shaken in a man-
ner by each explosion, in whatever part of the
conductor it is produced.

550. For the particular case in which the two
electrified spheres are removed to a great dis-
tance from each other, in relation to the radius
of any one of them, M. Poisson has discovered
formule, which express in a very simple manner
the thickness of the electric stratum, in any point
of their surfaces. We shall here state these
formule as they enable us to explain distinetly
w‘:?' conducting bodies, when they are electri-
fied, seem to attract or repel each other, although
from the manner in which electricity is distri-
buted among them, and from its mobility in
their interior, we cannot suwose that these phe-
nomeni indicate any sensible affinity which it
has for their substance, Let r, #, represent the
radii of the two spheres; call ¢,¢,the thick-
nesses of the strata which the quantities of elee-
tricity they possess would form upon their sur-
faces if they were left to themselves, and exempt
from all external influence; eall a the distance
of their centres, and place them so far from each
other that the radius #* of one of them be very
amall cumparu:l with a, and with & —r. Lastl:,r,
1ot u, %', denote the angles formed with the dis-
tance a, by the rad i drawn from the centre of
each sphere to any point on their surfaces, then
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the thicknesses E, E', of the -electrie stratum in
these ]i,mms will be expressed approximately by
the following formule :—
. &'r’ e r? (o — rl)
ke ar 1 (@=2arcos. u+r)
2 5 :
it ars (1—3 cos. "u’)

551. Here,as in the experiments of Coulomb,
the angles , ', are reckoned from the points A
and &, in which the surfaces of the two spheres
would touch each other, if we brought them to
the point of contact. The difference of symme-
try in these expressions is owing to this, that the
approximation from which they arise supposes
the radius # of the second, very small com-
pared with the distance a—r, which separates
its centre from the surface of the other.

552, If it is required, for example, from thesc
formul® to determine the state of an insulated,
but not electrified sphere, which we present to
the influence of another sphere charged with a
certain quantity of electricity, we have only to
suppose ¢ nothing in the equation of the second
sphere, and it will then become

p_ —der? : Sy Sr
| L e [ms.u 4 (3 eos?u 1)‘5“]

553. At the point o, on the line A a, between
the two centres, the angle «' is nothing. In this
point then we have

e AT o
cos.u=1; and E'=—— (H'Bu

554. The thickness E', then, has always a con-
trary sign to that of ¢, that is to say, that the
electricity on this point, in the sphere of which the
radius is ', is of a nature contrary to that which
covers the sphere of which the radius is r.

555. At tge point &, diametrically opposite to
the preceding, the angle o' is equal to 180°,

which gives
g (1
it at 3
556. This value of E' has always the same
ar,
sign with thatof e; for the factor o B8 frac-

i 5y

cos. ' =—1;and E

tion far smaller than unity, since the distance «
i3 supposed very great, compared with the radius
3 I.E&n the electric stratum will be in this point
of the same nature as wpon the other sphere.

557. Thus we see arising out of the theory
the important result which we have until now
only established by experiment, but while
a sphere ¢, not electrified, is placed in presence
of another sphere C, electrified vitreously, for
example, the combined electricities of ¢ are
partly decomposed ; the resinous electricity that
results flowing towards the part of ¢ which is
nearest to C, and the vitreous electricity towards
the part which is farthest from it. ;

558. The thicknesses of the stratum in these
two points are to each other in the ratio of

5y 5¢ .
1 -E_ﬂ- - ol 3a’

they are nearly equal, then, since a is supposed
very great in relation to . )

559. Hence it may be conceived that there
must be upon the sphere ¢ a series of points, in
which the thickness of the electric stratum s

-
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nothing, and which form a curve of separation
between the two fluids. The locus of these
points will be found by putting the general ex-
pression of the thickness E' equal Lo zero, which
gives the condition

0= cos. i + (3cos.? u'—'l}%{f -

560. If the distance ¢ were altogether infinite,
compared with the radins ¢, the second member
of this equation would be reduced to cos. u';
eonsequently, this cosine would be 0, which
would give &' = 090°. The line of separation of
the two fluids would then be the circumference
of the great circle, of which the plane is per-
pendicular to the line of the centres.

561. But if a is not infinite, it is at least very

great relatively to r.  Thus, the factor E will

still be a very small fraction, and the true value
of cos.w will be equally so. We may, there-

fore, in caleulating, neglect the product of ;—:

by cos. o/, compared with the product of this
same quantity by unity. With this moditication
the equation resolves itself and gives

5r
CW.H'_..E:'

In this case the line of separation of the two
fluids is stll a circle whose plane is perpen-
dicular to the line of the centres; but the
distance of this plane from the centre of the
sphere, in the ]Jlﬂ.l:[: of being nothiug, is equal to

'

"':“ , this distance being taken from

¢ to a, towards the electrified sphere C.

562. In considering only the degree of the
equation which determines generally cos. u', there
would seem to be two values of this cosine which
would satisfy the conditions of our problem ;
but it will clearly appear, that one of those roots
should necessarily be greater than unity, and,
eonsequently, will not have here any appli-
cation, a5 it would correspond to an are W,
which 15 imaginary.

563. When we now consider how warious,
how delicate, and how detached from each other,
are the phenomena this theory embraces; with
what exactness, also, it represents them, and fol-
lows, in a manner, all the windings of experi-
ment, we must be convinced that it is one of the
best established in physics, and that it bestows
on the real existence of the two electric fluids
the highest degree of probability, if not an ab-
solute certainty. But what is not less valuable
for science, it teaches us to fix, by exact defini-
tionz, the true meaning which we must attach
to certain elements of the electrical phenomena,
which are too often vaguely enunciated, or even
confounded, with others ; although the know-
ledge of each of them, individually, is indispe
sable to form a correct and general idea of the
phenomena.

SG4. The first of these elements is the species,
vitreous or resinous, of the electricity which
exists at the surface of an electrified body, and
at every point of this surface, This is deter-
mined by touching it with the proof plane, and
presenting this to the needle of the electroscope,

v cos. o or
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alrendy charged with a known species of elec-
tricity.

565. The second element is the quantity of
this electricity accumulated on every point, or,
what comes to the same thing, the thickness of
the electric stratwm.  This we still measure by
touching the body with the proof plane, and
commupicating the electricity aequired by this
contact to the fixed ball of the electric balance;
the moveable one having been previously charged
with electricity of the same nature. The force

‘of torsion necessary to balance the electric re-

action communicated by the plane to the fixed ball,
is at equal distances proportional to the quantity
of electricity which it s, or, what is the
same thing, to the thickness of the electric stra-
tum on the element of the surface which it has
touched.

566. The third element which it is of impor-
tance to econsider in the phenomena, is the af-
tractive or repulsive action exerted by each ele-
ment of the electric stratum upon a particle of
the fluid situated at its exterior surface or beyond
this surface. This attraction or repulsion is
directly proportional to the thickness of the
electric stratum on the superficial element which
attracts or repels, and is inversel proportional
to the square of the distance which separates
this «;'Iement from the point attracted or re-

lled.

FE.E—ET, In fine, the last element to be considered,
and which is a consequence of the preceding
ones, i the pressure which the electricity exerts
against the external air in each !}uint of the sur-
face of the electrified body. The intensity of
this pressure is proportional to the square of the
thickness of the electric stratum.

568. By adhering strictly to these denomina-
tions, there will ke no risk of falling into error
from vague considerations ; and if we also keep
in mind the devel t of electricity by in-
fluence at a distance, we shall then find no diffi-
culty in explaining all the electric %l:ﬂnn-mﬂm.

569. To place this truth in i full light, we
shall ﬁppiy it to some general phenomena which,
viewed in this manner, can be conceived with
perfect clearness, but which, otherwise, do not
admit but of vague and embarrassed explica-
tions. These phenomena consist in the motions
which electrified bodies assume, or tend to as-
sume, when they are Flal:ed in presence of each
other, and in which they appear as if they really
acted upon each other by attraction or by repulsion.
But it is extremely difficult to conceive the cause
of these movements, when we consider that, ae-
cording to the experiments, the attraction and
repulsion are only exerted between the electric
principles themselves, without the material sub-
stance of the body, provided it be a conductor,
having any influence on their distribution or
their displacement. 'We cannot hence admit,
that the particles of the electric principles, what-
ever they may be, really attract or repel the
material particles of the bodies. Tt is absolutely
neecessary, therefore, that the attractive and re-
pulsive actions of these principles, whatever
they are, be transmitted indireetly to the material
bodies, by some mechanism which it 15 of ex-
treme j|1'f11-:}rt:u1[:q‘. to discover, as it is the true
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key to these phenomena.  But we shall see that
this mechanism eonsists in the re-action produced
by the resistance which the air and non-con-
ducting bodies in general oppose to the passage
of electricity.

570. For the sake of greater simplicity, we
may first confine ourselves to the consideration
of two electrified spheres A and B; the one A
fixed, the other B moveable. Three cases may
arise which it is necessary to discuss separately.

1. A and B non-conductors.
2, A a non-conduetor, B a eonductor,
3. A a conductor, and B a conductor.

571. In the first case, the electric particles
are fived upon the bodies A and B, by the un-
known force which produces the non-condue-
tibility. Unable to quit these bodies they divide
with them the motions which their reciprocal
action tends to impress upon themselves.

572. The forces then which may produce the
motion of B, are, (1.) The mutual attraction or
repulsion of the flmd of A upon the fluid of B.
2.) The repulsion of the fluid of B on itself.

ut it is demonstrated in mechanics, that the
mutual attractions and repulsions exerted by the
particles of a system of bodies on each other,
cannot impress any motion on its centre of

vity ; the effects of this internal action then
estroy themselves upon each of the spheres;
there cannut result from it any motion of the
one towards the other; and the first kind of
foree, therefore, is the only one to which we
need pay any attention. If the electricity is
distributed uniformly over every sphere, each of
them attracts or repels the other as if its whole
electric mass were collected in its centre. Thus,
if we call a the distance of their centres; r,r’,
their radii ; e, ¢, the thicknesses of the electric
strata formed upon their surfaces by the quanti-
ties of electricity introduced into them; the
electric mass of each of them will he 47 e,
4 w ¢, = being the semi-circumference of
which the radius is equal to unity, and the at-
tractive or repulsive force will be expressed by
16 7 Kr¥ r'ee
a®
expresses the intensity of the force when the
quantities a, €, ¢’, are each equal to the unity of
their species. This force transmits itself di-
rectly to the two spheres, in consequence of the
adhesion by which they retain the electric par-
ticles. We see, from this expression, that the
force must become nothing, if € or ¢ be nothing,
that is, if the one of the two spheres be not pri-
mitively charged with electricity. During the
motion it suffers no alteration but what arises
from the distance, because the two spheres being
supposed of a perfectly nuu-conmmting sub-
stance, their reciprocal action produces upon
them no new development of electricity.

573. In the second case, where A is a non-
conductor, and B a conductor, the sphere B
suffers a decomposition of its natural electrici-
ties by the influence of A. The opposite elee-
tricities which result from this decomposition
unite with the new quantity which has heen in-
troduced, and dispose themselves together ae-
cording to the laws of the electric equilibrium.

K being a co-efficient which
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Here the motion of B towards A may be re-
garded under two points of view.

574. Suppose, first, that without disturbing
the electric equilibrium of B, we extend over its
surfiice an iusulaﬂng siratim, Etﬂlrl, without
weighty and which may reman invariably at-
tached to it. The electricity of B, unable to
escape, will press as it were against this stratum,
and, by this means, transmit to the particles of
the body the forces by which it is urged. The
forces which then act upon the system will be,
€1.) The mutual attraction or repulsion of the
fluid of Aon the fluid of B. (2.) The repulsion
of the fluid of B upon itself, a repulsion, how-
ever, which cannot produce any motion upon
the centre of gravity of B. (3.) The pressure of
the fluid of B upon the insulating envelope, a
ressure, again, which being exactly counterba-
anced by the resaction of this coating, produces
still no motion whatever, The first force, then,
15 P.I'.'Il_l the u:nl]r one to which we need Ly any
attention.

575. When the distance a of the two sphems
is very great, relatively to the radii of their sur-
faces, the decomposed electricities of B, are dis-
tributed almost equally over the two hemispheres
situated on the side of A, and on the opposite.
In that case the actions which they suffer on the
part of A are nearly equal, and destroy each
other ; all the force then is produced by the quan-
tities of external electricity, d=rfe, 4717 intro-
duced into the two spheres, which, acting as if
they were wholly collected in their centres, the
167" Krtr e,

@’

576. When the two spheres are very far from
each other, the co-efficient K may be considered as
constant, and the attractive or repulsive foree va-
ries not but in consequence of a change in the
distance a. But this is only an approximation ;
for, to consider the matter rigorously, the electri-
cal state of the conducting sphere B varies in
proportion as it approaches A, on account of the
separation which this produces in its natural
electricities. Hence also the reciprocal action
of the two spheres onght to vary in a very com-
plicated manner, and it is probably to this that
we must ascribe the error which appears in the
experiments of Coulomb, at very small distances,
when calculated by the simple law of the square
of the distance.

577. The supposition ofan insulating envelope,
without weight, serves here merely to connect
the electric fluid with the material particles of
the body B, and we may always regard as such
the little stratum of air with which bodies are or-
dinarily enveloped, and which adheres to their
surfaces.  Yet the same result may be obtained
without the aid of this iutummc]i:iry; but, in
that case, we must consider .the pressures pro-
dueced upon the air by the eleetricities which
exist at liberty in 3. These electricities, in effect,
as well those that have been introduced, as
those that are decomposed on it, move towands
the surface of B, where the air stops them by its
pressure, e prevents their eseape; they dif"
poze themselves then under this surface, as their
mutual action and the influence of the I'I:-u-rl_!r A
require, resting, for this purpose, !l?ﬂ;ﬂ“ the

foree hecomes still
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xir, which prevents them from expanding. But,
migmlig, they press this air from within out-
wards, and tend to fly off with a force propor-
tional to the square of the thickness of the elec-
tric stratum in every point. Decompose these
pressures in the direction of three rectangular
axes of the co-ordinates z, ¥, 2, the one x being in
the direction of the straight line already alluded
to, joining the centres of the two spheres, and
add together all the partial sums; it will then
be found, as we shall show presently, that, in the
direction of the co-ordinates y and z, they amount
to nothing, and there only remains, therefore, a
single resulting force, directed in the straight
line C ¢, that is, towards the centre of the sphere
A. When the spheres are very distant from
each other, compared with the wadii of their
surfaces, the decomposed electricities of B press
the externul air, in opposite directions, with a
force nearly equal, and their effects destroy each
other almost exactly. There only remains, then,
the effect of the quantities e, €, introduced into
the two spheres, and from this there resulis
an excess of pressure in' the direction of the lines
E-%r-, K heing
a constant quantity for the two spheres, that is,
exactly the same as was obtained by the other
method. It is evident, besides, that this expres-
sion is subject to the same limitation, since the
pressures produced by the electric stratum
against the external air, ought to vary with the
quantity of natural electricity decomposed on B:
by the influence of A, in proportion as the twe
spheres approach each other,

578. The third case in which A and B are
both conductors, is resolved exactly upon the
same principles, either by imagining the two
electrified surfaces covered with an insulating
envelope, and ealeulating the reciproeal actions
of the two fluids which are transmitted by means
of this cover to the material particles ; or in con-
sidering the pressures produced on the external
air by the two electric strata, and ealculating the
excess of these pressures in the direction of the
line which joine the two centres; only, in this
case, the attractive or repulsive force of these
two spheres will vary in proportion as they ap-
proach each other, not only by the difference
which thence arises in the intensity of the elec-
iric action, but still farther by the decomposition
of thie natural electricities which will be going
on in the two conducting bodies A and B,

579, To render the mathematical exactness of
these considerations evident, we shall, for the
oreceding case, gn through the calculation of
she pressares exerted against the air byithe quan-
+ities of eleetricity introduced or developed on
the two spheres. For this purpose take, first,
en the sphere A, amy point whatever which
we may denote by M.. The
at this point against the air, depends on the
thickness of the eleetric stratum: there. In
this manner; the pressure for any point of either
sphere calentated for the unity of the surface,
will be represented by kE? upon the first, and
k E* upon the second, E E being taken from the
previous formule. We shall now develope,
successively, these two expressions.  In the first
}'n'l-_'u.*u, a8 the pressure L E? varies from one |"|:'I-i!1|

of the centres, and expressed by

ressare exerted
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to another with the thickness of the electric stra-
tum, we cannot suppose it the same, but in a
very small spaceall round the point M, a space
which must be considered as a superficial ele-
ment of the sphere, and which we shall call w;
thus the expression K E? being caleulated for
the unity of surface, the pressure npon the small
superficial element w will be K w 2. This pres-
sure acts perpendicularly to the spherical surface
A, in the direction of the radius C M; decom-
pose it then into three others, parallel to three
axes of the rectangular co-ordinates x, y, z, which
have their origin at the centre C; the first, 1,
being in the direction of the straight line, Ce,
which joins the centres of the spheres, and the
two others perpendicularto this lime. To effect
this decomposition, we must multiply the normal
pressure K E? by the cosines of the angles which
the radius C forms with the co-ordinates
¥

r?

mula of p. 84, we have relprescntw] by r the va-
lue of the radius CM of the sphere A. We
shall thus have the three following component

parts
parallel to the co-ordinatesx ; K ;&' E?

. r Z . .
x,u, 2 ; that is, by = - since,in the for-

parallel to the co-ordinates y ; K g w E?

parallel to the co-ordinates z ; K }z' w E?

But we must observe, first, that it is absolutely of
no use paying amy attention to the two last, be-
canse the efforts which each of them makes, on
the whole extent of the surface, mutually destroy
each other, on account of the symmetrical dis-
position of the electricity relatively to the axis
of the co-prdinates r, whieh joins the two cen-
tres,  If we consider, in effect, the force, for

example, Rf:-u E? for the point M, situated in

the figure under the plane of the co-ordimtes x, v,
weshall find above this plane, another péint M’ si-
tuated quite similarly, and of which the co-ordi-
nates r, ¥, 7, will consequently be the same,
with this only difference, that z will there be
negative, on account of its opposite situation rela--
tive to the origin of the co-ordinates.  For this
second point, the element w, and the pressure K E3,
will be also absolutely the same; w on account
of the symmetry of the surface of the sphere
A; E? on account of the symmetrical disposition
of the electricity round the axis of the co-ordinates
x, which joins the centres of the two'spheres A
and B ; but the componentforce whiclr proceeds

parallel to-the co-ordinatesz, will be — K { w E7,
on'account of the negative sign of z; this force
and its analogous one + K E-u E? being equaky

and in opposite directions, will mutually destroy
each other, and a similar equilibrium will be
equally obtained, in this kind of pressure, for alt
the other couples of points M, M. which cor-
respond on the two sides of the plane of x, .
581, A similar process of reasoning will prove

that the forces hi"-.u E2will destroy each other two
s
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and two, upon corresponding pointz, taken on
two sides of the plane of #, 2, and of which the
co-ordinates will be 4 r, 4 vy, + £ for the one,
and 4 &, —y + z for the other.

582. It remains, then, to consider the com-
ponents of the pressures, taken parallel to the
co-ordinates r; that is, parallel to the straight
line which joins the centres Ce, of the two
Sl.ﬂ'lereat; and, indeed, from the s:ll'l‘nml?!ril:':ﬂ diz=

ition of electricity round the straight line, it
1s evident that it cannot have any motion but in
this single direction ; and, consequently, these
components alone must produce the tendency of
the two spheres towards each other.

583. To obtain, in the simplest manner, the
sum of all these components, it must be remarked,

that their general expression K ;*—Tw E? contains no
variable but r ; for cos. u, which enters into the
value of E?is equal to :—; it hence follows

that their intensities are equal in the points re-
latively to which the co-ordinate r is the same,
and which are consequently situated upon one
small circle, parallel to the plane of the co-ordi-
nates y, =, Besides,as all these points are equally
distant from the line of the centres, it is clear
that the total result of the equal forces which are
applied to them will be in the direction of this
line; consequently, this will also be the direc-
tion of the general result of all the efforts of this
kind exerted uwpon the whole surface of the
sphere A.

584, To obtain now, easily, the sum of all these
forees, parallel to the line of the centres, which is
here that of the co-ordinates r, letus begin by join-
ing together the values of x which are equal and
contrary ; for the thicknesses E, of the eleciric
stratum on the two hemispheres of A being al-
most equal, from the supposition that the two
spheres are very distant, the pressures cor-
respondding to opposite values + r and — x,
must be almost equal alsa ; and, as the compo-
nents which they give parallel to the co-ordi-
nales r are m a con direction, their sum
must be reduced to a very small quantity. To
introduce this circumstanee, call E, what E be-
comes when we change 4 rinto— x; then the
expressions of the corresponding components
parallel to the co-ordinates r will be,

Un the side of the l s _ Tendiog to move
ositive co-0f- » 4 KmwE? the air in the
inates r, $ 5 direction A B

{In the side of the s _ Tending to move

negative m—nr—} — K—wE? the air in the
dinates—r, 4 direction B A

585. We preserve the superficial element w
always of the same value, as it is exactly alike in
the two cases, on account of the symmetrical
form of the sphere on the two sides of the plane
of the co-ordinates y, z; adding these two com-
ponents to each other, with their actual sign, their
sum will express the element of the total result-
ing force, which tends to carry the air in the di-
rection A B.  Ths, then, will be

K .:":".. (E*— E3), or, what is the same thing,

K=o (E + E) (E—E).
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586. But, from the preceding formula, we have
generally
E = ks ertla=r") -,
= ar r{u*—2ar cos. a 4 ) 2
To change 42 into —x, + cos. u must be-

.r :
come — cos. u, because cos. u=—; for this se-

cond case, then, we shall have
Be—rpik e & r'ifa*—r") ,
G ar  rl@42ercos, n - 3
consequently, by subtracting these equations from
each other, we have

- N T 1
E—B= r ;f‘a’-}-?w l‘:mi.u-{-r’}g
1
— K]
(o — 2ar cos. u 4 ?)°
or, what is the same thing, and is better adapted
for approximations,

3

o s

E—=E= : ( L a
ar

1
2r R
S _)}
( ucus "‘+“-; i

587.Since we suppose the two spheres very dis-
tant from cach other, compared with the magni-

1
t(l+?-runs.rr+::: £

(1] L

tude of their radii, :T will be a very small frae-

tion ; hence we may develope this expression for
E—E into a converging series of the ascending

powers of —, this will be effected by the binomial

theorem ; and taking only the first power of E,

which, in the case we are considering, will cor-
tain an infinitely great proportion of the tota
result, compared with the other powers, it will
become

ert

! 3
E-E=— i l—tm. e ] e €08 26 }
I a

oar
or by reduction E—F = —ﬁ-r”-:;ms. &
This value of E—F must now be multiplied by
E + E, to form the factor E*—E? which enters
into the expression of the total mullm;: force;

Al vy
but since E—F. is already of the order —, it is

evident that, in E 4+ E we must confine our-
selves to the terms which are not divided by a;
this limitation reduces the value of F. 4+ E to2e,
and employing this to multiply E—E, there
results

it 2
H’—EP‘:_-'IEICI;.,_.,"!;?.I_IHlr

588, 1t only remains to substitute this value in
the expression of the resulting force parallel to
the co-ordinates x, which we have found equal to

K*o (B2 E?) for the superficial element w;

r

and by putting for }{-its value cos. u, the ex-

0%, b

pression will become
12K 2

w cos.2 .
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589, Each of these partial results is propartional
to the superficial element w, and to the square of
the cosine of the angle, whit.'{l thezse elemonts form
with the axis of the co-ordinates r. But, if we
compare them together upon different spheres,
this angle will always be expressed by the same
values ; for the equal values of &, however, the
superficial element w will vary in magnitude pro-
portionally to the square of the radius r of the
sphere.  Consequently, the sum of all the va-
lues of the factor w cos.? w, extended to every
sphere, will only vary from each other in the
ratib of the square +¥; it may be represented
then by K%, K’ being a constant and numerical
co-efficient which may be found, and which, in
reality, is found by the processes of the integral
calculus, Supposing it known then, the toal
result of the pressures parallel to the co-ordi-

— 12K K e s
12K R ee )

nates o will be e .
it will be directly pr-;;partional then to the quan-
i:l.ies 47", 4=r% of external electricity whiﬁh
they possess, and inversely proportional to the
a:lu::tre of the distance of l;i{t_‘:]:wupzenlres. When
the quantities of electricity given to the two
spheres are of the same nature, whether vitreous
or resinous, the values of e and of ¢ must be con-
sidered as having the same sign. In that case
the expression (1) is negative; that is to say,
according to whut has been previously admitted,
that, in this ease, the air which surroands the
sphere A, is more pressed in the direction B A,
than in the direction A B. It will not then press
equally the sphere A, as it did before it was
electrified ; it will press it less on the side which
13 most distant from the other sphere, since it 1s
in that direction that the electric reaction is the
strongest. Consequently, if the sphere A is at
liberty to move, and deprived of its weight, orif
its weight be sustained by a thread of suspension,
it will put itself in motion from the side where
the atmospheric pressure has become the weakest,
that is to say, that it will recede from the other
sphere B.

590. The contrary would happen, according to
our formula, if the quantities ¢, ¢, of electricity in-

" troduced into the two spheres were of a different
nature, for then it would be necessary in the cal-
culation to give to them different signs. The for-
mula (1), which represents the total result of
thke pressures exerted against the air parallel to
the line of the centies, will then become ]kmsi-
tive ; that is to say, according to what has been
already agreed on, the external air will be more
pressed in the divection A B, than in that of BA ;
the sphere A will move then in the direction in
which the external pressure will have become
the weakest, that is towards the sphere B, agree-
:1.1:1_1; to observation.

531.We have hitherto only considered the effect
of the pressures round the sphere A, but the same
reasonings and caleulations will apply to the
other sphere; only we must then employ, in-
stead u}) E and E, the expressions of the elec-
tric strata which correspond to them, and which

we have seen to be
» Jer? T o
F=¢ = — O3 I - —IU.—:; LOE, "N :t.
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It mnight be shown for this case, as well as for the
other, that there cannot be any inequality of
pressure but in the direction of the co-ordinates
r; then comparing the points of the surface,
which correspond to the two sides of the plane
of the eo-ordinates v, z, we shall find that the
element of the resulting foree of the pressures
parallel to the co-ordinates r, is in general ex-
pressed _h}rik:—”{E"-—E"} in representing by
E’ what E' becomes when we change + r into
—u, that is 1o say, 4 cos. u into —cos. i, the
angle o beih]g here reckoned fsom the point a,
situated on the side of A upon the line of the
centres. By next considering the spheres as
very distant, we shall obtain in the same manner
the value of E—E’. Approximating no farther

than the first power of s this will give E'—=E’
u-—-ﬁl"}"t

= 3

cos.#/. We have then only to take

E 4+ E’' = 2¢, and putting these values in the
expressions of the mtialareaulting force, it will
become —12]:{.68;?::! e uf. It may be de-
monstrated as above, that the sum of the factors
w’ cos.? u will be proportional to the square of
the radius of the sphere I3, and may besides be
represented by K'r#; K’ being the same nume-
rical co-efficient we have already employed. For
the total resulting force then, the expression will

_HK:.:gﬂ, that is, exactly

the same which we have obtained for the other
sphere, which ought to be the case, since in
these sort of phenomena action and re-action are
always equal, Here, as in the example imme-
diately above, the positive sign of the expression
will signify that the resulting force of the pres-
sures exerted against the air round the sphere B,
is directed towards the other sphere, and the
negative sign will signify that this resulting force
is directed the opposite way. The first case will
take place when the electric charges e¢' are of a
contrary nature ; in that case, the sphere B will
advance from the side where the atmospheric
pressure is weakest, that is towards A ; the other
case will happen when the electric charges ¢ ¢’ are
of the same nature, then B will recede from A.
592, The common expression for the result of
the pressures vanishes for both the spheres, when
eor ¢ is nothing, that is, when one of them is in
the natural state. This seems to indicate that
they would then neither approach nor recede
from each other, while, in reality, we know that
in this case they always approach. This ap-
parent contradiction is owing to the degree of
approzimation at which we stopped our de-
velopment of the above expression. We have
supposed our two spheres very distant from each
other, compared with the radii of their surfaces;
the result of this is, that whatever be the quan-
tity 4sre, dar’ of external electricity which
wi have introduced into each of them, it will
distribute itseli almost uniformly over the two
hemizpheres, anterior and posterior ; so that the

finally become
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difference of the pressures exerted against the
air by these two hemispheres, which is the only
cause of motion, will ‘11:5: very small ; and it 15
to this degree of minuteness that we have con-
fined our approximations in developing E*—E".

593. If, however, the one of the two spheres, B
for example, is only electrified by the influence of
the other, which we always suppose very distant,
the development of its natural electricities will
be still very feeble, and of the same order of
minuteness with that to which we have confined
our approximations; but this weak -electricity
still dividing itself between the two hemispheres
of B, in a manmer nearly equal, as in the ex-
ample immedidtely above, the difference of pres-
sures round the two hemispheres will become
very minute in a still lower degree—will become
a niunm“r of the second order of minuteness,
and, consequently, cannot be found in our de-
velopments, such as we have limited them. To
obtain it complete, we must not, in the caleula-
tion of E' 4+ E’confine ourselves to quantities,

independent uf;-i, but take its whole wvaluo.

We shall then have, first of all,
R [ , . Bertr s
E=e¢ — —3- C08. 4 +_2_E" (1 —3cos u)
then changing + « into — r, or 4 cos. u' into
— cos. o, we shall have,
Serfcos.u’  Ser’r

E=¢+ e e {1—3 cos.* ')
then adding these two expressions,
S5erir

E+E=2¢+ ——(1—3cos’w)

594, This complete value of E' 4+ E ' will now
no more vanish when ¢ is nothing ; but it will be
seen that the terms which remain are of the
onder of those which we have neglected in our
firstapproximation. Making, then, here ¢’ equal
to nothing, it remains,

E' + E':%{l—a c0s. ")
we alsa find, as before,
00 T, L

i

cos. o'

with these values, the expression of the paitial
resulting force

K2 oipe B4, or K o (E*—E%) cos.

rf

becomes ﬂw w' cos?u'(1 —3 cos2u’).

595. It only remains to take the sum of it over
all the extent of the surface of the sphere B ; but,
in this operation, the variable factor, " cos? o
(1 — 3cos? u’), will give a result proportional
to the square of the radius #* of the sphere B, and
which we may consequently represent by K" r,
K" being a constant numerical co-efficient dif-
ferent from K°; thus, the lomliresulting force

. - o :- |‘i ",

willlak bk Be .i{:lhi er

506. This foree, then, will be an order of mi-
nuteness, much inferior to that which we obtained
itt first, when ¢ was not supposed to be nothing,
since the radil there are divided by the fifth
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power of the distance of the centres of the twa
spheres, instead of the simple square which we
had in the other approximation. It iz obvious,
that experiments of this kind, made with the
electric balance, by charging only one of the
balls, might produce an error as to the true law
of the phenomena, if the theory did not throw
light upon them ; for one might be led to con-
clude from them, that the apparent attraction de-
termined in this case i1s not reciprocally as the
square of the distance of the centres of the two
spheres, which nevertheless would be contrary to
the trath : c:ausm:k!uentl_f, when it is meant to put
this simple law of the square to the test, the balls
must not be allowed to approach so near to each
other, that the electricity developed by their re-
ciprocal influence, may bear any sensible pro-

ortion to the quantities of external electricity
introduced into them; and this is the reason that,
in these experiments, it is always more certain
to employ, instead of balls, small eircular discs
of gilt paper; for, on account of the thinness of
these dises, the quantities of vitreous or resinous
electricity developed at their surfaces, having
scarcely any room to separate from each other,
their actions on the exterior bodies must be
always nearly alike, and cannot, therefore, alter
the results any more than if their development
had not taken place.

597, The theory, which we have thus explained
in regard to spheres, applies equally well to bodies
of any form whatever; but here the difficalty of
the analysis prevents us from anticipating any
thing but the general effects which the different
pressures pruSuc&. without our being able to
reduce them to numbers. Iere it will suffice
to have established the general mode of reason-
ing applicable to all the, questions of this kind,
and to have followed out the whole develop-
ment for the single case, which analysis has
been able as yet completely to  surmount.—
We shall add, that before the theory had ac-
quired its actual precision, it could not be clearly
conceived how the auractions and repulsions,
which in reality only take place between the elec-
trical principles themselves, were communicated
to the materal particles of the electrified bodies ;
and philosophers were reduced to the necessity
of denoting this effect by the vague word fension,
which represented the electricity like a kind of
spring placed between the bodies and tending
to make them approach or recede. A few mis-
cellaneous illustrations, including the latest and
me:sr.l important discoveries, must conclude our
aruecle,

New Garvanic Batrery Fok MEDICAL
PURPOSES,

598. The ebject of this battery is to imcrease
the galvanic power, ad libitum, and to continue
it for a great length of time, without any fresh
excitation. These most desirable results are of-
fected by a metallic and a semi-metallic sub-
stance, combined with another less oxidable
metal, the surfaces of which are acted on by one
or two mineral acids diloted with pure water. -
The power and duration obiained by these means
are very great, though contraryto the hitherto
acknowledged laws of galvanism, which require
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two dissimilar metals and one interposed  fluad
to develope the galvanic influence. is appa-
ratus is design

for Lﬁhilﬂﬁ-ﬂphiﬂnl experiments
on animals, and for the use of an operator in
full practice. It is not only capable of increased
power, but, by a simple contrivance, it perpe-
tuates its action to almost any length of time for
a succession of operations; these advantages
are obtained by the shape and position of the
plates; for, instead ofbeing square and stationary,
as in the common battery, they are cirenlar and
made to revolve on an axis at the will of the
operator.  As only one serment of the circle is
used at one time, several different operations may
be effected in each revolution of the entire cirele,
without the trouble of wiping any part of the
circle. A coustant stream of galvanic fluid may
thus be exhibited almost ad infinitum, and the
unpleasant effluvia arising from the frequent
addition of acid, as in the common mode, is pre-
vented. The apparatus being concealed from
view, in a handsome covered box, ecannot give
alarm to the most timid patient. The greatest
facility is afforded in removing the oxide from
the surfaces of the plates by a few revolutions
round its axis, and the virtue of the acid solution
in the cells remains in full strength for a very
long time. !

599, M. La Beaume's portable galvanic bat-
tery consists of a box containing four series
of plates, and four divisions made with pieces
of glass and baked wood, which are inter-
posed to divide the box for the plates; the
ends of each series are connected by a hole in
the plates, so that a connecting wire is not re-
quired. There is also a space for a bottle of
acid. The inside of the box cover contains the
apparatus necessary for the galvanic operation.
By a few simple directions the battery may be
preserved in good order for some months, or even
years. The cover, after the apparatus is taken
out of it, is placed on the box, and, sliding into
a groove, is fastened by a pin.

G600. Another ll:}rt:ll}]:c galvanic battery for
suspended animation.  This apparatus possesses
a very great galvanic power in a small compass,
and its action can be perpetuated for as long a
time as may be necessary, which is accomplished
by the combination of different metals. [t con-
sists of 300 or 400 plates in a box about three
feet long, three imﬂes deep, and three inches
wide ; the eircular plates are about the size of
half a crown, and when the apparatos is taken
out, the box is filled with ﬂi[l:lmd nitric acid,
and the row of stringed plates is placed horizon-
tally on the two supports of the battery.

601. A third portable ‘galvanic bateery in-
tended to be used in suspended animation from
drowning, &c., is contained in a walking-stick,
for the convenience of town or country ‘practi-
tioners, when no conveyanee can be immediately
obtained for a larger battery. This galvanie ap-
paratus is contained in a hollow stick, with three
divisions ; the first division contains a bottle of
acid, salt, and linen rag, covered by a meial cap
affixed to the handle of the stick, and which s
o be used as a cup to mix the acid with water.
The second division is composed of two parts,
one sliding on the other by means of a groove;
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when opened, it forms a pair of galvanie batte-
ries of 300 or 400 plates of combined metal,
which are connected together by an arched wire.
The third division, which is the smaller end of
the stick, contains a small lancet, the conducting
wires, &c., and is also held by the hand during
the operation. This stick contains all that is
necessary for the galvanic process except water,
which can be obtained on the spot. c'ﬁlpe power
of this battery is rendered equal to the following,
by the combination of the plates, the strength
of the acid, and the horizontal position of the
plates, which ts the eircuit of communica-
tion being formed by the expressed moisture of
the inte cloths, which must result from a

dicular position of the pensile pile, as in-
vented by protessor Aldini, and improved by
Dr. de Sanctis.

602, The most poitable battery consists of a
series of plates of the foriu and size of a shilling
or a sixpence ; each pair being intersected by a
giece of cloth, on the prineiple of professor Al-

ini ; and this battery is more Enwurfu‘! than his,
becaunse the semi-metal is combined with one of
the other mietals. This battery consists of 200
or 300 plates, and may be conveyed with per-
fect ease in the pocket.

ELEcTRICITY DEVELOFED 1N CAFILLARY
ATTRACTION.

603. M. Becquerel is said to have demon-
strated, that there is a sensible development of
clectricity during the ascent of liquids n capil-
lary tubes. He first obtained this result by in-
creasing the se:nsihili:inf Schweigger's galvano-
meter, He placed three of these instruments
together, so that the magnetic needle of the
middle one deviates from its ordinary direction,
by the lateral effects produced upon each of its
poles by the contrary poles of the two other
needles, From this arrangement it follows, that,
when an electric current passes into the apparatus,
tending to h;li:? the needle into the plane of the
magnetic meridian, the middle needle will be as
much less retarded in its process as the poles,
opposite to its own, of the other two needles are
more remote from it, consequently, the oscilla-
tions will have a wider extent than if there were
only one galvanometer,

604. In order to observe the electricity of ca-
pillary action, M. Bacquerel could not employ
glassg, as it is not a conductor of electricity ; but
he employed sponge of platinum, aud small
pieces of charcoal. Pure hydrochloric acid,
much diluted with water, is poured out into the
platinum dish, which communicates with one
of the ends of the wire of the galvanometer ; and
into the dish is plunged sponge of platinum,
which is fixed at J:::: other end of the wire. At
this contact there is produced an electric current,
which goes from the sponge to the acid, and the
direction of which is contrary to that of the cur-
rent which wounld have been obtained if the acid
had been attacked by the metal. As the inter-
stices of the sponge are filled with the fluid, the
current  diminishes, and it ceases when the
sponge has absorbed all the liguid whizh it can
contain, Somaelimes the current takes another
direction, but the cause of that is not known.
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“The same effect 15 produced with nitrie acid, but
it is less marked. saume result was obtained
with a small piece of charcoal, nted from
rouching the platinum by a band of papier
Joseph.

FLECTRICITY DEVELOPED 1IN SOLUTIONS AND
MisTuRes,

605. By means of the same apparatus, M. Bee-
querel has discovered that an electrical current
goes from the acid to the water, when sponge of
plativum, that has imbibed distilled water, is
plunged into the dish of platinum, containing
‘hydrochlorie acid.

606. In order to observe the electricity of so-
Iutions of alkalies in water, he fixed in the pla-
tina pincers a fragment of hydrate of potassa or
soda, enveloped in papier Joseph, and then

lunged it into distilled water in the platina cup.
current was thus produced from the water to
the alkali.

607. M. Becquerel also found that electricity
was developed during the mixture of sulphuric
and nitric acids.

Evreerricarn Ereeer.

G08. The following effect is attributed by Mr.
Fox, who observed it, to electricity. A piece of
iron pyrites was fastened with a piece of brass
wire in a moss-house, the moss being damp.
On the following day, the wire was found broken
and excessively brittle, and, in those parts in
contact with the pyrites, much corroded. On
one occasion, after the brass wire had been
fastened once or twice round a piece of iron
pyrites, and had remained for some days en-
veloped in damp linen, the constituents of the
brass wire were separated, and it was converted
into copper wire coated with zinc.

Coxpucrion o Evvciriciry ny Amanou,

G609, Tt i3 remarked, in a late number of the
Journal de Physique, that the effect of a piece
of amadou, in drawing off electricity from
charged surfaces, is equal to that of a metallic
point.  For this purpose, it requires to be dry;
and, it may be observed, that at the time a num-
ber of fibres rise up and point towards the elec-
trified surface. For the rapid abstraction of
clectricity, it requires, however, that besides
offering points, the boedy should possess a high
conducting power, which was not previously
®nown to belong to this substance.

Errecr o Vorrate Erecrriciry vrow Are
AN

610. M. Lindersdor produced an ethereal
fluid by the action of the Voltaic pile upon aleo-
dwol 3 and, by continued electrisation, a mixtore of
equal parts of wleohol and liguid ammenia lost
s inflammability, and acquired a bitter flavor,
wellow color, and nauseous odor.

JMPROVEMENT UPon TuE bRy DPlae op Lam-
ROMI.

611. In constructing the dry galvanic pile of
Zamboni with tinned paper amd black oxide of
manganese, M. Zamboni recommends the use

of tinned paper, which, when disposed alone in
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the pile, has the same pl}].[l.ﬁ? as when it is em-
ployed along with oxide of manganese. The
reason of this is, that a pile of tinned paper has
electrical poles. DBut, whatever be the kind of
paper which is used, the pile always increases in
energy, and its polarity always coincides with
that of a pIi.::nuf tnned paper and oxide of man-

nese, w the r has been imy rated
ﬁai'tll. a solution nfp:lﬁ:rhnte of zine, :’E:Eglaﬂm-
wards dried. In preparing the paper, M. Zam-
boni avails himsulFOIPa dry season. He spreads
the solution of sulphate ungme over the face of
the paper which is not covered with tin, and
having dried it, but without taking away from
the paper its own natural humidity, he covers
this face with very dry oxide of manganese,
The pile being thus constructed, it is carefully
defended from the air.  If the paper is not fine
and unsized, a little aleohol should be added to
the solution of sulphate of zine. The best man-
ner of preserving the pile, as Zamboni has ascer-
tained by long experience, is to enclose it in a glass
tube, whose diameter is somewhat greater than
that of the discs, and to run into the intermediate
space a moderately warm cement of wax and
turpentine. A pile of 2000 dises, constructed in
this manner, gives a spark visible in day-light.
M. Zambom recommends the perfect insulation
of all the parts of the pile that require to be in-
sulated.

Teermo-ELECTRICITY,

612. It was proved, by professor Sebeck,
that antimony, brought into contact with another
metal, and unequally heated, would cause the
magnetic needle to deviate from its meridian.
With 2 view to ascertain this fict, and to in-
vestigate whether this property was restricted
to antimony, or extended to other metals, the
following experiments were made.

613. (1.) A parallopiped of antimony was

rocured, about fifieen inches long, and one
inch square. This bar was prepared by treat-
ing crude antimony with sulphate of potassa and
tartrate of potassa. A slip of copper was at-
tached to both ends of the antimony. It was
kEpl. in close econtact with the unlimon:,' h}r
means of copper rings. This bar was laid in
the direction of the mﬂ.gmrti:r meridhan. A
needle was placed on the antimony, and the
ends of the bar were successively heated by a
spirit-lamp.  When the heat was thus applied
to the sonth end, the magnetic needle 1mme-
diately, and strongly, deviated to the east. The
extent of this deviation depends on the length,
maobility, and strength of the needle. Tt has been
seen as much as 68°.  When the heat spreads
more uniformly through the metal, the deviation
decreases, and the needle gradually returns to
the magnetic meridian,

614. Supposing the deviation to the east at
its maximum, the lamp burning under the end
facing the south, if it then be removed, and
placed under the end facing the north, the devi-
ation to the east will decrease, and it will l;'llange
into a deviation 1o the west,

615. In general, if the heat is applied under
the north end of the bar, the needle will deviate
o the west,
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Proresson Cummine’s Tanis oF Tnermo-
EvLEcTRICS,

616. In the following table of thermo-elec-
trics, by professor Cumming, each substance is
positive to all below, and negative to all above
it, two being used together. i

Bismuth, Caobalt, Brass, Charcoal, E
Mercury, } Silver, Copper, Plumbago,
Nickel, Tin, Gnﬁtﬂ i Iron,
Platina, Lead, Zinc, Arsenie, }
Palladium, Rhedium, s Antimony,

Axarocy perwees ToHE Prexosmesa oF Gar-
VANISM AND THOSE OF FERNEHT.’LTIUN-

617. M. Schweigger has observed this analogy
in the following points ;—

618, (1.) Gﬂ.ﬁ:mm piles, like fermentable
mixtures, exhibit their effects only by the reci-
procal action of three different bodies.

619, (2.) The products of galvanic action are
two, an oxidated body, and a hydrogenated body.
The same happens with the products of fermen-
tation, which are alcohol and earbonic acid.

620. (3.) The presence of electro-negative
bodies favors the decomposition of water, whilst,
aceording to Dobino, a similar effect goes on in
fermentation.

Exrerivexts ox e loxition or Wine.

621. The following experiments on the igni-
tion of wires are very interesting. Being con-
nected with the phenomena of calorie developed
in the action of the galvanic battery, they may be
acceptable as a contribution towards that mass
of facts which will at some future period assume
a more scientific form.

622. In these experiments, Mr. Murray used
four porcelain troughs, each containing ten cells,
and each cell supplied with one and a half
fluid ounce of the strongest mitrous acid, being
filled up with water to the depth of two-thirds,
and properly mixed with a glass rod. Nitroas
acid, in this proportion, he has ever found best
calculated for the development of galvanic ac-
tion. Fifteen to eighteen inches of fine platinum
wire may be readily ignited. e of course used
the triad (four inches sgquare), for which we are
indebted to the sagacity of that ingenious and
profound l;lhilas«ulphl:r, Dr Wollaston.

623, When su phuriﬂ acid 18 empl:ufe;d, a4 is
done most injudiciously by some, in mixture
with the nitrous acid, the vapor is perfectly in-
tolerable, and much of the action 15 no doubt
lost and expended in vapor, and in the great tem-
perature developed at the same time.

624. In connexion with the subsequent detail,
it may be proper to mention, that a riband of a

latinum foil, was suspended from one of the con-

ductors, and brought in contact with the mer-
curial surface (that metal being contained in a
shallow glass-basin), while the other one is
plunged into the mercury, deflagrates with great
brilli:um{, and oscillates like a pendulum.

625. We may now state generally, that steel
and platinum wires may be intensely ignited, in
aleohol, ether, and its vapor, oil of olives, naph-
tha, and sulphuret of carbon. Mr. Murray has
not succeeded in igniting these in water, and
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concludes that it is owing to the superior con-
ducting property of that fluid. The degree of
ignition, all circumstances being the same, will
correspond with the .elations in which the me-
dium containing the wire stands to conduction.

626. Platinum and steel wires may be ignited

in carbonic acid gas, hydrogene, cyanogene, and

olefiant gas.

62T. EISM wire was wrapped round platinum
in all its extent; and this double wire placed as
the uniting wire between the conducting rods.
It was ignited throughout, and the fusion of the
gold wire supervened, the gold being collected
mto little spheres of a prolate form, at equal
distances, and appearing like a row of beads.

628. Steel wire was, in like manner, entwined
with gold wire. It also was ignited in its whole
extent; the gold wire was fused, and exhibited
the bead-like form.

629. Platinuom was woven with ¢ wire.
The platinum wire was ignited throughout ; the
copper wire not undergoing fusion nor even
ignition.

630, It may here be remarked, that, in the
ignition and combustion of steel wire, for in-
stance, the fusion is primarily confined to the sur-
face, and the fused seale or film may, perhaps,
not penetrate more than one-third the diameter
of the wire, while the remaining part may not
have undergone the least physical change. The
fused matter formed itself into spherules, with
regular intervals. This appears to be a curious
phenomenon ; and it will also be observed that,
when the calorific heat is short of ignition, the
steel wire will be blued in patches.

631. Steel wire was doubled for one-half its
f::ttegd; the single and denuded part was alone
1rmebed.

EEEEE, Platinum wire was doubled for one-half
its extent; and that part only which was single
could be ignited.

G33. Steel wire was partly enveloped in gold
wire; only that portion of the steel wire which
was void of the gold wire could be ignited ; the
part encased in the folds of the gold wire was
partially blued, and was rendered magnetic.

634. Copper wire was twisted round platinum
wire, for half the length of the latter. The un-
covered platinum was alone ignited. Copperwire
was twisted around steel wire in the manner of
the preceding ; the naked steel wire was ignited
alone. Steel wire was twisted round platinum
wire, for one-half its length; only that portion
of the platinum wire excepted from the steel
could be ignited.

635. Peculiar phenomena are connected with
these exhibitions. When the second wire is
carried through the whole extent of the uniting
wire, ignition is superinduced throughout; but
when only partial, tre ignition is confined to the
denuded portion.

G360, Cnp , platinum, and copper wires,
were linked together, and made the communi-
cating chain. The platinum placed between
the copper wires was ignited alone.

637, Platinum, copper, and platinam wires,
exhibited, on the tract of either platinum wire,
ignition, while the intermediate copper wire re-
mained dark and umignited.
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438, In the case of sieel, copper, and steel
wires (so linked er), the steel wire on each
side was ignited, while the copper wire remained
unaltered.

639, In the chain of platinum, steel, and pla-
tinum wires, the platinum wires were exclusively
ignited, and the steel unignited.

640. In that of steel, platinum, and steel, the
intermediate link of platinum was ignited, and
the steel wire on each end remained without
ignition.

G641. In a chain of gold, steel, and gold, the
gold wires on each end were ignited and fused,
and the intermediate steel was not ignited.

642. In one formed of steel, gold, and steel
wires, the central one of gold was exclusively
izmited.

643. Mr. Murray next fried spiral coils of
platipum and steel, of various diameters, and
found that they were ignited, though curvilinear,
in the same manmer as if the wires were not
curved.

644. The preceding experiments scem to
prove, that the caloric developed in galvanie
action, has no relation with the medium in
which the ignition takes place; and that it is
evolved in some inverse ratio of the conducting
properties of the uniting wire.

G45. The phenomena of ignition in links of
varions metals united iuto 2 chain, seem con-
nected with the passage of a maderial agent
through them, displaying its ti!mwem in grealer
or less ignition, according as the passage is in-
terrupted, or its fire more or less retarded, and,
of course, as the amount of the resistance.
The agent or agents, therefore, developed in
transite from pole to pole, will swell into igni-
tion, if the conducting power of the medium
iraversed is low, or even burst its metalline con-
fine, and expend its impetus in all the brillianey
of an intense combustion.  The gold, platinum,
and copper wires, were Jfth of an inch in dia-
meter; and the steel the finest harpsichord wire,

Descarrrion asp Use oF A VERY SENSIRLE
ELECTROMETER, FOR INDICATING THE KixNp
oF FELECTRICITY WHICH IS AFPLIED T IT.

646, Some years back, M. Behrens published
the Description of an Electrometer, which in-
dicates the kind of electricity that is presented
to ity but it appears to have been forgotten, with
the dry eleetrical eolumns, which formed an es-
sential part of the apparatus. The electrical
perpetual motion of Emuhmli is similar to this
electrometer, and M. Butzengeiger was employed
o execule one of them, which we may proceed
to deseribe.

647. A cylindrical vessel of glass about two
inches and a half in diflmeter, and three and a
haif high, has fitted to it a brass cap, from which
two =mall dry eleltrical columns descend inte
the vessel, and are attached to the cap by screws,
5o that the one has its positive and the other its
negative pele, making a slight projection above
the cap. Each column is composed of 400
dises of gold and silver paper, glued together,
amd three lines in diameter, so as to fill two
tubies of varmished glass. Each of these tubes
i« terminated below by a ring of brass, projecting a
fittle, and rounded, which 15 in electrical com-
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munication with the discs. When the brass eap
is in its place, the columns descend verticallr,
and the lower ring is one-fourth of an inch dis-
tant from the bottom of the glass. The axes of
the columns are one inch and seven lines dis-
tant, but may be brought nearer one another.
From the centre of the cap rises a tube of glass,
varnished within and without, and within the
tube is a brass wire kept in the axis by a cork,
but touching the tube no where else, At the
lower end of the brass wire is suspended a piece
of gold leaf, two inches and a half long and
three lines wide, exactly in the middle of the
interval between the two columns, and parallel
to their axis, if they are accurately vertical. At
the upper end of the brass wire i3 a small brass
ball, upon which may be serewed one of the discs
of a condenser, as in the electrometer of Volta,
Bf this arrangement, the electrical eolumns
which Belirens had placed without the glass,
which defends the gold leaf from the agitations
of the air, are placed within the glass, so that
their position is not only better preserved, but
they are defended zo completely from mois-
ture, dust, &e., that they relain the same elec-
trical intensity.

648, This electrometer is used in the following
manner :—The cap of metal is put'in commu-
nication with the ground by means of a metallic
wire, and by touching the brass ball, any acei-
dental electricity is discharged, which may be-
long to this part of the apparatus, If the skin
is dry, the touch of the finger is not suffi-
cient.  As the gold leaf is suspended between
the columns, at the level of the rings of metal
which terminate them, the one positively and
the other negatively, the gold leaf is attracted
equally on both sides, and remains quietly in
the middle in its ordinary state ; but if, by
means of the metallic wire, we communicate 1o
it the weakest degree of electricity, the lower
extremity of the gold leaf is attracted by the
ring which possesses an electricity opposite to
that which iz communicated. Having come incon-
tactwith this ring, it is successively repelled and
attracted by the opposite ring. This oscillatory
motion continues till the gold leaf attaches itself
to one of the columns, from which it may be casily
detached by touching the brass wire, o as to dis-
sipate its electricity, and by shaking the instru-
ment.  In order to determine the nature of the
electricity, the upper ]pnlﬂs of the two columns
which project above the brass cap have the signs
+ and — upon them, and the electricity re-
quired is that which is indicated by the sign of
the column towards which the gold leaf first
moves, or which it first touches, when the elec-
tricity is stronger.

649. By this electrometer, strong and weak
degrees of electricity may be equally well ex-
amined. Tn the first case, the electrified hmly
is made to approach slowly and at a distance
the ball of the electrometer, till the gold leaf is
put in motion towards one of the columns. I,
for example, we bring an excited stick of
sealing-wax to the distance of about three feet
from the hall, we shall observe a motion of the
gold leaf towards the column marked —. If
we bring it to a less distance, it will strike the
column, from which it may be easily detached,
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Ly bringing the wax still nearer.  In the second
case, the electrified body must be moved much
nearer the ball, and bronght into contact with
it, if necessary, till the gold leaf is put in action.
This degree of electnecity is so weak, that it
would be absolutely insensible in the ordinary
electrometer of Bennet.

650. When ﬂuu_le'l.elcl:'ilt:ilj' is ﬂﬂ fecbjjr, l‘i:g
may advantageously employ a condenser ada
to lrhe ir:sln.ur.tﬂl:u.:‘Fr Thg l::'irrﬂular ate, nnpihe
margin of which is serewed the ball of the elec-
trometer, replaces the cover of the comdenser,
and a plate of disc furnished with a glass
handle, and which is placed above the first, re-
presents the base, 'Fhesn plates are covered
with a thin coating of amber varnish on the faces
which are brought into contact. If we wish to
try a very weak electricity, we first touch, in
erder to rdl:':p:im it of its electricity, the inferior
plate, or the wire which carries the ball; we
then place above it the other plate, and afterwards
touch the lower plate or its wire, with the body
whose electricity we wish 1o examine, touching,
at the same time, the upper plate, in order to
deprive it of its clectricity. upper dise is
then removed by its glass handle, and we observe
towards which of the two small columns the gold
leaf is carried, and the sign marked upon this
column will indicate the kind of electricity. If,
for example, we put in contact with the lower
surface of the lower plate of the condenser a
small dise of zine, about three-fourths of an
inch in diameter, and press it against this plate,
without touching the plate with the finger, and
if we touch at the same time the upper disc of
the condenser, to deprive it of its electricity,
and if we afterwards remove the disc of zine
on one side, and on the other side the upper
plate, we shall observe the gold leaf approach
the column marked minus. gxﬁimila: ect will
be observed, if we put in contact with the dise
of the apparatus the metallic side of a piece of
silvered paper.

651. It will often be more convenient to put
the body we wish to examine in contact with
the upper and moveable plate, and touching
the inferior plate, to deprive it of its electricity,
proceding in other respects as we have already
described. 'The electricity, however, which the
instrument now indicates, will be opposite to
that which is communicated to the upper plate,
hecause, by this method, the plate united to the
mstrument forms the base of the condenser.

652. If the body which we examine cannot
be mmreniemlyu?ul in immediate contact with
the lower plate of the condenser, a communica-
tion with it may be formed, by means of a me-
tallic wire, with an inaulalingiandle, the rest of
the operation being the same as before.

Evecrro-smacyeric Errects oF Avganies,
Acips, axp Sarts, ny M. Yevis.

653, The magnetic needle used by M. Yelin
was nearly 1-5 inch long, and ‘008 of an inch
in diameter. It weighed little more than half a
grain, and was delicately suspended by a spider's
web, from a rod passing through the top of a
glass cylinder, so that it could be raised or low-
ered at pleasure.  The bottom of the instrument
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is a piece of card-board, on which cirches are
marked and divided, indicating the number of
degrees through which the needle may have
moved,

654. The conductor, whose state was to be
indicated by this needle, was sometimes a band
of tin 0r4 of an inch broad, and 24 inches long;
sometimes a brass-wire helix, which, being
brought up close beneath the needle, formed a
kind of condenser, and rendered the action more
sensible.

655. (1.) The tin band was placed under the
needle, being parallel to magnetic me-
ridian; a small glass was filled with muriatic
acid; the end of the band, towards the austral
pole of the needle, was plunged into the acid,
and, in a few moments nt!:er, the other extremity
was immersed; immediately the austral pole
went to the east. The experiment being re-
peated, except that the end of the band, cor-
responding to the boreal of the needle, was first
immersed ; the austral pole went to the west.
When, in place of muriatic acid, a solution of
ammonia, mineral alkali (soda), or sal-ammonia,
was vsed, the results were exactly the same ; but
ifa solution of vegetable alkali (potassa) was used,
the deviations were all in the opposite directions.
Pure water produced no effect, but ;l; of acid
made it acuve. All solutions of salts, or acid,
thus applied, produced an effect upon the needle.
It ap in these cases that, according as the
first contact i3 made to the right or left, an ar-
rangement of molecules is established in the fluid,
proper to form a species of pile of which the
two poles are very distinet, and that the whole
of this little pile is reconstrueted in the opposite
direction, wl?en the contact is made in the oppo-
site way.

656. Place the needle over the condenser, the
wires of the latter and the needle being parallel
to the magnetic meridian; hold a cylinder of zine
in perfect contact with each end of the wire of
the condenser, the arrangement will then be zine,
brass, zinej plunge the cylinder corresponding
with the austral pole of the needle into muriatic
acid, and then plunge the other into the same
acid, the austral pole of the needle will go to-
wards the east. Ilepeat the experiment with
nitric acid and fresh cylinders of zine; now the
austral pole of the needle will go towards the
west. and other results are the same,
whether the conductors are put in contact with
gig I;.netals before or after their immersion in the

LhiLe

657. The needle condenser and metal bars
(zinc), being as before, let the glass be filled with
a solution of potassa, then immerse the end of the
bar corresponding to the austral pole of the
needle, angc:lﬁerwards the other bar; the austral
pole will deviate to the east.  Take the bars out
of the solution, but without changing their posi-
tion in the hands, and, as zoon as the needli:] is
at rest, introduce them again, beginning with
the bar eorresponding to the boreal pole of the
needle; the needle (the austral pole) will now
deviate 1o the west. Take the bars out of the
fluid, and, without changing them from hand to
hand, turn them so that the ends which were before
immersed in the liquid, shall now be in contact
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_ with the extremities of the condenser wire, then
repeat the above experiments, and the same re-
sults will be obtained. Finally, if the bars,
h&inF well cleaned, are changed from hand to
hand, and the experiments again repeated, the
same results will be produced.

658. But now, preserving the a as it
was, change the solution of potassa for very pure
muriatic acid. The zinc bar, corresponding to
the boreal pole, being first immersed in the acid,
the austral pole will go eastward. Remove that
bar from the acid which was last plunged in, and
a little while after, the other bar, and without
changing them at all in the hand, wait till the
ueedle 1s quiet; commence by the bar corre-
sponding to the boreal pole; at the moment
when that which agrees with the austral pole
shall touch the acid, the needle (the austral pole)
will deviate towards the west, and it will go in
the same direction as often as the experiment is
repeated, whether: the operation be begun on the
right or on the left Im:]t].

659, If the bars be then well washed and
dried, and restored to the ends of the condenser
wire they were in contact with before, but with
that part which was before immersed, now in
contact with the wire, and the mersions and
experiment be rl}!:c—.amd, one of these two things
will happen : either the needle will constant
move Lo the east, whichever bar is first immersed,
or the action will be very doubtful or null.

660. If, instead of turning the bars, they are
changed one for the other, the needle will go
musl,aul':]y' to the west, whichever bar is firsi
immersed ; but the previous results may be at
any time restored by re-changing the bars, and
then the needle will go to the east.

661. The faculty thus acquired by the bars of
zine, of becoming positive or negative, accord-
ing as llul.;l,' Are |:||u1:|gu] githier first or last in the
acid, they preserve some time. They may be
washed, dried, and held in the hand, without
losing their state, and hence particular precau-
tions are required in making delicate experi-
ments with the metals.

6G2. This faculty is not eommunicated either
to the fluid or to the extremities of the condenser
wire. All the metals which become magnetome-
ters by muriatic acid, as well as all the aculs
which produce an electro-magnetic action with
homogencous metals, produce the same pheno-
meni.

663. These experiments may be compared,
with interest, with the observations of M. I;lelm
that a band of wet paper, making part of the
conductor of his pile, becomes charged with
electricities, which it preserves some time; with
that of M. Gautheret, who thought he remarked
something similar in the conducting wires of the
pile; and with that of M. Ritter on his secomdary
piles, the phenomena of which M. Volta attribu-
ted to the electro-motive action of the alkalies
and salts ioterposed. *A very decided electrie
charge may be remarked in the metals interposed
between the conductor and the fluid ; they are
both unipolar, i. e. charged each with a single
electricity, which tney retain for some time, and
this electricity is constantly positive in one, and
negative in the other, They form, therefore, the
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elements of a species of pile, of which the extre
mities may be detached without losing their elec—
tricity ; and, in consequence of this property, 1
call it a secondary pile, with muhi}u unipolar
extromities,

664. *1 have sometimes succeeded, with bars
of some length, in obtaining distinet poles at each
extremity, so that when the bars were turned,
opposite results were presented- by the needle ;
but [ have not been able to discover the condition
of this phenomenon, 50 as to be able to produce
it at pleasare.’

665. M. Yelin remarks, however, that he has
never yet been able to ascertain the existence of
free magnetism, or electgicity, in any of these
bars. Many other experiments are given in
tables, which we have not room to notice, though
they are of great interest. The bars M. Yelin
used were 275 of an inch in diameter, and 2:75
inches long.— Bib. Univ. xxiii. 38.

TerkestrRiaL MacNETISH.

666. The fullowing curious electro-magnetic:
experiment was exhibited by Dr. Birkbeck, at
the London Institution. A hollow globe of wood,
fificen inches in diameter, was first aceurately
turned, and, from the equator towards each ex-
tremity of its axis, grooves were cut parallel to-
the equator, at the distance of 4}° from each
other, like parallels of latitude, and another,
rather deeper, groove from one pole to the other,
along a meridian half-round.

G67. Beginning now at the equator with the
middle of a wire, about ninety feet in tength,
and one-tenth of an inch in diameter, which just
fitted the grooves, it was carried round in the
successive circles towards each pole, making an
abrupt turn from one circle to another along the
meridian groove above-mentioned.  From the
point where the wire arrived at the poles, it was
carefully bourd with silk, and retumed back
arain to the equater along the same meridian.
The two ends of the wire being thus brought
together, they proceeded to a litile distance from
the globe, where they terminated. By this means
the effect of the short abrupt turnings of the wire
along the meridian towards the peles, is coun-
teracted by wire returping back agaiiv from the
poles w the equator, leaving thereby only the
parallel wires active when the two extremities
are connected with the battery,

668. The globe being thus far formed, it is
covered with zones, in the usual way, so as 1o
exhibit to appearance a common fifteen-inch ter-
resirial globe, the wire being completely hidden.
But this coveripg is so laid on that, instead of
the terrestrial pole coinciding with the poles
formed by the wire, the latter is brought into Jat,
75° N., and long. 76° 40" W., which is the situ-
ation which Mr. Barlow conceives will best agree
with the observed bearings of the geedle in most
parts of the world. Things being thus adjosted,
the globe is placed on a large cup near the bat-
tery, o as to admit of its being placed in any

sition, or $0 as to bring any part to the zenith,
without the encumbrance of the usual brazen
meridian and horizon. A needle is now sus-
pended over the globe, leaving it free to take any
dip; while, by means of a silk suspension, it is
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also free to take any direction ; lastly, the needle
is msulated from the action of terrestrial mag-
netism, by opposing to it the north end of a small
bar maguet in the line of the dip, By this means
the needle retains its magnetic power, but is
under no magnetic influence.

669. The extremities of the curves being now
connected with the poles of the battery, the
globe immediately becomes slmngli; aetive upon
the needle, causing it to assume the same dip,
and the same direction, with respect to the arti-
ficial globe, as the actual needle does in the
corresponding part of the earth itself, at least to
a very considerable extent. Thus, if we bring
the Island of Ascension to the zenith, the needle
is found perfeetly horizontal, with a slight wes-
terly variation. If we bring London to the
zemth, we find the dip about 70°, and 24° or 25°
of westerly variation; if the globe is again
shified in position, so as to bring Cape Horn in
the zenith, the dip is about 60° the contrary way,
that is, with the south end below: and the
variation about 30° easterly, and so on with
various other places,

670. The purpose of this experiment is to
show, that what we have hitherto considered as
the magnetism of the earth, may be only modi-
fied electricity, and to illustrate, experimentally,
the theory advanced by M. Ampire, who attri-
butes all magnetic p{enamena o electrical
results,

Rousseau's Arparatus,

G71. M. Rousseau, who has been occeupied
several years in the construction of dry Voltaic
piles, has conceived the idea of employing those
mstruments to appreciate the different degrees
of conducting power of the substances arranged
in the class of conductors of electricity. For
this iurpm he has contrived the apparatus we
are about to deseribe. The dry pile, which forms
the prineipal part of it, is made of discs of zine
and tin-foil, separated by pieces of parchment,
soaked in a mixturs of equal parts of oil of pop-
pies and essence of turpentine; the whole is
covered laterally with resin, to prevent the eon-
tact of the air. The base of the pile communi-
cates with the ground.  Its upper extremity may
be connected by a metallic wire with an insu-
lated vertical pivot, carrying a weakly magnetic
needle, balaneed horizontally. Ona level with
the needle, and distant from the pivot, about
half the length of the latter, is a metallic ball,
also insulated, but communicating with the pile.
It is evident that, by this arrangement, the elec-
tricity accumulated at the upper pole of the pile
is communicated to the needle and the ball ; and
consequently repulsion ensues, tending to sepa-
rate the needle, which is moveable, from the hall
which is stationary. If we place the pivot and
the ball in the magnetic meridian, the needle
touches it, and remains at rest as long as the ap-

aratus is not connected with the pile; but the
instant the communication isestablished between
them, the needle is repelled ; and, after some os-
cillations, takes its position of equilibrium, de-
pending on its magnetic power and the energy of
the pile. These two quantities remain constant
for a considerable time, with the same apparatus,
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as may be ascertained by determining the angle
which the needle makes with the magnetic meri-
dian, after it has assumed a fixed position, by
means of a divided ecircle adapted to the caze
which covers it. A simple conducting needle,
suspended by a metallic wire of proper diameter
and length, might be substituted for the magnetic
one; but M. Rlousseau's apparatus is much more
convenient, and sufficiently sensible for the kind
of effect which it is his object to measure,

672. To use it for ascertaining different de-
grees of conducting power, it is sufficient to
place the substance submitted to experiment in
the electrical current, taking care that the thick-
ness which the electricity has to through be
always equal. If the flow of the quantity of
electricity necessary to produce the greatest de-
viation be not instantaneous, the time required
by the needle to assume its fixed position may
be taken as the measure of the degree of the con-
ducting JE'JW'“ of the substance employed.

673. To submit liquids to this kind of exami-
nation, M. Houssean places them in small me-
tallic cups, communicating by their foot with
the needle and the ball: he then places in the
liguid one of the extremities of the metallic wire,
covered with gum lac, that the same surface of
metal may always be in contact with the fluid,
and measures the duration of the needle’s motion
from the moment when the communication is
established with the pile by the other extremity.
of the wire.

674. By submitting the fixed vegetable oils
employed in the arts and in domestic economy
to this kind of proof, M. Rousseau has estab-
lished a very singular fact, which may be useful
in commerce; it is, that olive oil possesses a very
inferior degree of conducting power to that of
all other vegetable or animal oils, which never-
theless present, in all their physical properties,
the strongest analogies to that substance. For
instance, every thing being equal in both cases,
olive oil required forty minutes to produce a
certain deviation, while poppy oil, or the oil of the
beech-mast, required only twenty-seven seconds
to produce the same deviation. One-hundreth
part of any other oil added to oil of olives re
duces the time to ten minutes. It would, there-
fore, be easy to discover, by means of this instru-
ment, the smallest traces of any oil frandulently
mixed with oil of olives.

675. If the proportion of the foreign substance
be considerable, the difference of time necessary
to produce the maximum of effect would no
longer be sufficiently great, and could not be
measured with sufficient precision to indicate the
proportion of the elements, but the apparatus
might easily be modified so as to adapt it to this
kind of determination.

676. The solid fats are worse conduetors than
the animal oils, arising, no doubt, from the large
proportion of stearine contained in the former ;
for M. Rousseau is satisfied, by comparative
trials with stearine and -elaine, prepared by M.
Chevreul, that the conducting power of the latier
much exceeds that of the former. The fat of an
animal becomes a worse conduetor in proportion
to the age of the individual which affords it.

677. By means of the same apparatus, we
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may also observe a considerable difference between
resin, gum-lac, and sulphur, the most insulatin
of all known substances, and silk, crystal, a
common glass.

678. M. Rousseau has not found any differ-
ence in the conducting power of liquids, whether
spirituous or agueous, acid, alkaline, or neuter,

e time rg}uim{l by the needle to arrive at the
maximum of deviation being too short, in every
case, to ascertain the inequality of its duration,
But a modification of the apparatus, similar to
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