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NOTICE. *

Euvecrriciry is the branch of Natural Ihilosophy most closcly
allied to Chemistry. Hence, although in tho order of study
Chemistry comes after Natural Philosophy, a cortain acquaint-
anco with the primary facts of Chemistry will be of use in
facilitating the comprehension of wome portions of the present
subject, particularly Voltaic Electricity, Bofore entering upon
that department, tho teacher will find it advantageous to state,
and illustrate by a few familiar examplesy the pature of chemical
combination and decomposition, and to distinguish these from
mixtures and separations that aro not chemical.  Tho leading
propertics of chemical union are tho fixed proportions of the
combining substances, the giving out of heat (as in burning), and
the total diffcronce between the resulting compound and cither
of the individuals in their wholo aspect and propertics.  Thus &
certain weight of sulphur, combining with a fixed proportion of
copper filings, will produce heat while the union is going on, and
will turn into a black substance in which neither copper nor
sulphur could be recognised, and which could not aerve any one
of the special purposes of cither.

In this, as in the preceding Treatises, great pains have hoen
taken to render the arrangement as perspicuons, and the lan-
guage as simple and intolligible, as the subject would allow.

ALEX. Baln,
London, November 1848,
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ELECTRICITY.

OF POLAR FORCES IN GENERAL.

1, Tur force of gravity is always of one kind, and is the
same on all sides of a gravitating masrs. The earth, as a heavy
body, attracts all other heavy bodiex, w hutever be their shape
or position, Constant and unremitted attraction is the pecu-
liarity of this force. In like manner, the ordinary appear-
ances of cohesion and capillary attraction are uniforin under
all arrangements of the particles or surfaces in contact. One
drop of water is seen to attract another drop, a plate of glass
attracts a liquid surface, both after an unvarying fashion. In
the adhesion of the particles of a liquid among themaselves, it
is evident that each particle attracts the particle next it, what~
ever side it may present; for although we stir the mass about,
so as to make the particles turn round asmong each other,
they still show a mutual attraction, The whole surface round
m! round of an atom of water has un evenly-spread attrac-
tive power towards the whole surfuce of every other atom;
whatever points are brought together, the degree of attraction
will be equal, just as the earth will draw a body downwards
with the same force on any smde. In like wanner the
repulsion caused in bodies by beat, as in air (whose particles
nlfmund to fiy off from each other), is a constant repulsion.
No movement among the atoms, as by stirring them and
changing their places among each other, alters their repul-
sive tendency. [t is manifest in this case also, that each atom
of air is actuated evenly all round its body with a repelling
power towards every other atom. If we supposed any one
stom turned half round or quarter round in its place, it would
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ppose different points to the atoms next it, but the new
points would repel in exactly the same manner as the old.

2. But nature mnltea use of fortlzes t}:lat l}‘uve not the un-
varying character either of gravity, liquid cohesion, or gaseous
r:;\{hign. We find a kind of igrce inhering in atoms and
masses of matter that is repulsive at one side of each atom or
mass, and sttractive at the opposite side. If we bave two bodies
adbering to one snother by this force, and if we take one of
them and turn it about o 8s to place the opposite end next
the other, there will be no attraction ; on the contrary, there
will be a repulsion, and this repulsion will probably have the
same strength that the previous attraction had. In this case,
therefure, the mutual position of the bodies is an essential cir-
cumstance. Each mass has its power gathered into its ends,
but the ends have contrary actions. If the forces on two
opposite points were joined together, they would neutralise
each other, and cause perfect indifference on the whale. To
forces of this character the name POLAR is given; and bodies
actuated by them are called polar, or polarised, or are said
to have the attribute of polarity.

8. When bodies are crystallised, the force by which their
atoms adhere is & polar force. An atom of ice will not adhere
to another atom on any side ; a certain point of the one clings
to & certain point of the other; and if one of a pair of adjoinin
atoms were to have its ends reversed, the two stoms wouls
repel one another violently. Henee crystallised bodies cannot
have their particles stirred about like a liquid, or like red-hot
iron; the least disturbance causes a fracture. If o particle is
moved from its proper position, it either ceases to attract or it
becomes re n;:;' '2' and there is an e‘;\d to the cohesion. The

10 of tileness generally indicates & polar cohesion.
gimélity and ductility, or mibilit of pAnA,P‘:how that the
cobesion is not polar, but general, and evenly distributed over
the entire surface of the particles. When bodies are at their
highest pitch of solidity, hardness, or compactness of strue-
:ﬁ they have generali { the polar cohesion. This cohesion is

y destroyed by heat, which softens, melts, and finully
evaporates solid subst And in many other cases besides
stalline cohesion, heat is the destroyer of polarity.

4. Throughout the whole range of actions that are included
under EvmcTrICITY, polarity is an invariable characteristic.
It is not possible to produce an electrical attraction without
an equal repulsive power conjoined. Every electrified body
is attractive st one end and repulsive at the other, or is pols-
rised, like an atom of .cquﬁ. It is in electricity that we
can most completely study the nature and laws of polar force,
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for there we have it under the greatest variety of different
circumstances and modes. It is not confined to electricity;
we see it also in light. Chemical forces have certainly a
polar nature, and some of the vital forces appear to have the
same character. Whether all the polar forves arise from one
identical agency or from many, they at least serve to illus-
trate and explain esch other; and the electrical phenomena

t the most visible and tangible instances of the polar
mode of action.

5. The word “electricity,” taken from the Greek name for
amber (which strongly exhibits the phenomena when rubbed),
was at first applied to the electrifying of bodies by rubbing
or friction ; but it is now the general name for seven different
kinds of electrical excitement. These seven kinds fall under
two heads. When the excitement is in a state of repose, and
maintains itself, it is called STaTicAL ELkoTRICITY; when
the excitement is in a constant current, and requires to be
continually renewed, it is called CURRENT ELECTRICITY.
The subdivisions of each are as follow :—

BTATICAL ELECTRICITY.
1. Magnetism. { 2. Frictional or Tension Electricity.

CURRENT ELECTRICITY.

* 3. Voltaic Electricity. 6. Thermo-Electricity.
4. mw 7. Animal Electricity.
5. Magneto- icity.
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MAGNETISM

6. There is & certain ore of iron (an oxide, or a combination
of the metal with oxygen) that has the property of attracting
teces of iron, and of communicating its attractive power to
rs of steel. This ore is called the loadstone. The name
magnet, also applied to it and to the bars of steel that have
woquired its properties, is supposed to be derived from M'z-
niesia, a country in Asis Minor, where it was first discovered.

LAWK OF MAGNEYIC PHENOMENA,

7. The first principle of the magnetic furce may be stated
thus: The magnet has aliways two poles or puints where the
power seems concentrated. I we dip a mapgnetic bar into
iron tilings, on lifting 1t up we find u considerable quantity
of the tilings adbering to 1t, 1n consequence of its attraction
for ivon.  On observing it closely, we see that the greatest
mass of filings 1w attached to the two ends, that there is a
gradual decrease towards the muddle, and that in the middle
pomnt itself there is none.  Hence it is said that the poles, or
eentres of the force, Lie in the ends of the bar. A heavier
piece of sron will be suspended at one of the ends than in any
other place.  The actuul ‘pult-s or points of highest concen-
tration 1n the case of a bar, are each in the interior of the
Lur ot & small distance, probubly from a quarter of an inch to
sn inch from the extremities.  Whatever be the shape of the
magnetic masi. two such centres will be found in it. If a
loadstone, ur a steel magnet, is broken in two, each fragment
will have two poles the same as the entire body ; and this
would hold if it were broken into any number of pieces. The
poles are not of themselves the sources of the power. They
resemble rather the centre of gravity of a body; which is the

int, not where the gravity is actually lodged, but where,
5_0“ were ludﬁwd, the action of the body would continue the
same; and which is continually changing with the changes
of shape or coutents that the body undergoes. The magnetic
poles represent the total magnetism of the mass; when we
spesk of a body's distance from the magnet, we measure

s distance from s pole. As a gravitating mass is a col-
lection of gravitating atoms, s0 a wagnet is a collecti
magnetic atoms, each with its two poles; and when the
forces of all the atoms are joined together, the result is the
same s if the magnet were only a pair of atoms, placed
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asunder at the distance of the two poles, and possessing oppo-
site attractions.

8. Magnets repel each other by their like poles, and attract
each other by thewr wnlike poles. The two poles of o maguet,
as of all polarised bodies, have opposite actions; what the one
will attract, the other will repel, and what the one will repel,
the other will attract. If we have two different magnets,
and if we take a third magnet to try their action upon, we
shall find out which is the like, and which the unlike poles.
Present one end of the first to one end of the third; and sup-
pose we tind that they attract each other. Present next one
end of the second to the same end of the third; if an attrac-
tion now takes place, the poles of the first and second that
have thus shown a common attraction for one pole of the
third, are /ike poles; they have both precisely the same
action on one object. Their other ends, if' tried in the same
way, would show an identical action on the common ohject,
and would also be like poles. But if a pole of the first at-
tracted, and a pole of the second n-pellms, the same pole of
the third, the poles of the first und second thus tried would
be unlike poles. Thus, in the
figure, suppoze that the pole A of

0. 1 attracted the end b of No. 3,
and the pole A’ of No. 2 aleo
attracted 6. A and A’ are like ATy
poles; but if, while A attracted b, )

A’ repelled it, A and A’ would be ;e T
unlike poles. Now, from the na-

ture of polarity, the two poles of the same magnet are always
unlike; that is, if A attracted b, B would repel 4. By re-
versing the acting magnet while the magnet acted on remains,
we et an opposite action.

9. Supposing, therefore, it is found by such a triul that A
and A’ are the like poles of two magnets. Let us bring
these two poles together, and the action is repulsion.  So, if
we bring the other ends together, B and B', which also are
like poles, they will repel each other. But if we bring A
and B’ together, which are thé unlike poles of the two mag-
nets, they will attract each other, and adhere with more or
less force according to their strength. The same will hn}vpen
if we bring A’ and B together. ~ And if, in the trial of the
two first upon the third, it appeared that A and A’ attracted

this would be a proof that the pole b was unlike the poles

and A, and like their opposites B and B’; and that 4 is
the gole like to A and A", )

10. The two poles of a magnet are distinguished by the

1

A
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namer North and South, from the narth and south poles of
the earth. The end of a magnetised needle or bar that points
to the north pole'of the earth when suspended freely, was at
#n early period termed the north pole, and the opposite end
the south pole. This usage still continues, although erroneous.
In fact, the end that is attracted to the north is, for that very
reason, nalike the north magnetic pole of the earth, and ought
1o have been termed the svuth pole of the magnet.

11. 1t thus sppears that there exista within each
twa contrary influrnces, which repel each other, and, th h
this repulsion, are distributed into the two farthest ends of the
mass.  Half-way hetween the poles is the cross line of neutra.
lity. Itis the place where the two opposing forces bal
one another, and prevent an attraction taking place either
way. We must regard the force even at one of the poles
as & diffrrence of twu forces; for when a needle is attracted
to the north pole of the magnet, it is under the repulsion
of the south pole at the same instant. It is kept to the
north pole only because it is nearest; for the magnetic force
diminishes by distance. It is from the neutral line being
equally distant from both poles that its neutrality arises.
An object placed there is like the matter in the earth’s
centre, which, being equally attracted on all sides, shows no
tenden;y to any.

13. The attraction of magncts for wnmagnetised iron arises
Srom a temporary communication of moqnetism, called induction,
If we bring a few iron filings or pieces of soft iron near the
pole of the magnet, they will be attracted ; if we take them
off, and apply them to the other end, they will still be at-
tracted. is @t first sizht appears to contradict the general
statement as to the coutrary nature of the two poles. But
on nearer examination, it becomes perfectly consistent; snd
a new property of magnetism is disclosed by it. When we
bring one end of & piece of soft iron near the pole of the mag-
net, the soft iron is itself rendered magnetic. anh magnet i3,
as it were, surrounded with an atmosphere that communicates
the power to all iron masses that approach it. This temporary
magnetism is always arranged in oppo:ition to the forces of
the principal magnet. The end of the soft bar touching
the north pole of the magnet becomes a south pole; and the
other end is & north pole, as may be seen by bringing the
south pole of ancther magnet near it. While in actual con-
tact with the magnet, the iron is not indifferent; if we try
the remote end by a pole like the one that sttracts the near
end, we will see an active repulsion: so that a magnmet
attracts iron because it has the powsr of making it & magnet
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for the time. The iron in contact is rendered polar through-
out, and has this polarity rated in two opposite poles
exactly like the loadstune. A magnet cannot attract ailver,
because it has not the power of imparting the magnetic state
%0 atoms or masses of silver. lron seems by nature suscep-
tible of magnetismn, and when ouce it is wagunetised, it can
sttract other iron by magnetising it in turn.

13. The exist of this ary influence, called mag-
netic induction, proves that polar bodies attract none but

ar bodies. When a neutral body is brought near a polar

y, there will be no action unless the neutral body is first
polarised by the neighbourhood of the other.

14. When a magnet suspends iron filings, they may be
seen hanging from it in threads, clinging not all to the mag-
net, but to one another in & chain. This action is best under-
stood by taking a few iron balls or little bits of wire, and
sus) one of them to a pole of the magnet. By this
suspension it is made & magnet for the time, and two active
poles are developed in it. 'If the north pole of the magnet
18 used, the wire 1 will have its upper end s south pole, and
its lower end a north pole, ready —
to attract iron, as if it were 8 per- 5
manent loadstone. Bring now the
wire 2 into contact with the first.
The active north pole of No. 1
will develop an active south lee
in the upper end of No. 2, and an
active north pole at its lower end; the unlike poles will attract
each other, and the second will hang by the first, and will
have the power of communicating the same polarity, and
exercising the same attraction for a third wire. The weight
of wires that can be polarised and suspended is limited by the
r.ower of the magnet. As the lower end of the above series

a north pole, it may be carried across to the other end of
the magnet which is south, and there attracted ; and we will
thus bave a chain hanging from end to end of the magnet,
each joining presenting s pair of opposite poles. The induo-
tive of the two ends being combined in this case, s

* weight will be sustained than could be borne by a

. 16. We must conceive the atoms composing the m

iteelf as exercising the same inductive power on one another,
and in this way combining their strength together. But for
this pewer which each little magnet has to throw its strength,
88 it wers, into an adjeining magnet, there could be no accu-
malation of force. A chain never can be stronger than its
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weakest link ; and the end of a line of magnetic atoms would
have no greater strength than a single atom unless each atom
was heightened by the inductive force of the whole series.
No. 1 has of iteelf a certain degree of polniﬁz; No. 2 has
in like manner a certain ind‘;gcndem strength; when the
two go together, the first adds its inductive strength to
the natursl polanity of the second, and the second does the
same tu the tirst, and each is now so much stronger than
before. 1t in hike the lowest stratum of a fluid which presses
not only with its own gravity, but also with the accumulnted
gravity of all that hie aboee it

18. The peer of the original magnet is exalted by the induc-
tion. By connecting the two ends of a magnet by a rod of
unmagnetised iron, the latter becomes magnetic under the
inducuon, and seemws to react upon the magnet by its induc-
tion, 80 as to maintain, and even to increase, its polarity. Left
to itself, with ita poles unconnected, a magnet’s power gra-
dually decays. The series of inductive polarities must form a
circle to acquire the highest degree of intensity; and when an
unmugnetic bar juins the poles, the exercise of the induction
upon the fresh watter gradually heightens the sum of the
polarity.

MAGNETS,

17. The loadstone has been termed the natural mlg‘x;:g
because it seems to have magnetism permanently engrai

in its constitution. 1t is found in all parts of the world, and
sometimes forins rocks of considerable size. Its strength is
very unequal in uifferent specimens. As a general rule, a
small loadstone will carry a greater weight in proportion to
its size than a Iur: one. It has a grayish colour and a dark
mwetallic lustre.  Although an oxide of iron, it is not identi
either with rust or with the scales of iron formed by burning
iron wire in oxygen gas,

18, Artificial magnets are formed from bars of well-tem«
pered ateel. The instantancous influence of & magnet on a
ateel bar is not so great as on soft irou, but the ateel retains
the polarity that has once been communicated to it. To
netise the steel thoronfhl , motion and friction are used.
general, if we take a tone, or & bar already i
and rub one end along a steel bar repeatedly, and always in
one direction, the steel bar will become ic; but in
order to make the process effective, 8 mode of action must be
used that uniformly tends to give cne kind of magnetism to
the bar—that is, that always developes the same pole st the.

H
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same end. 1f one part of the stroke tends to give a south
pele, and ancther a north, to one end of the bar, the contradio-
tion will destroy the effect. In rubbing a bar with a magnet,
we ought to at the middle of the bar, and rub from
thence to one end with one of the poles of the magnet; the
m.ﬁ" should then be reversed, and placed at the middle
as before, and rubbed towards the other end of the bar.
And the process should be repeated in the same order;
one end of the magnet always going out to one end of the
bar, and the other end of the magnet to the other end of the
bar alternately. The bar will then be magnetised in such a
manner that each end will be opposite to the end of the
magnet that rubbed it. The same inductive action that ren-
ders soft iron temporarily magnetic by mere coutact, comes
into play bere; but steel ofters more resistance to the action
than iron, and the friction is needed to overcome the resist-
ance. The magnetic state thus forcibly communicated re-
mains permanently in the steel bar, which has thenceforth
the character of the natural loadstone.

10. In practice, it is found best to use two magnets to rub
with, and thereby to perform both the rubbings at once.
Opposite ends of the two rubbing magnets ure laid together
on the middle of the bar to be magnetised, and they are held
to as to make a small angle with the bar; they are then
drawn slong, one to one end, and the other to the other end,

tedly. The bar itself is luid in a straight line with two
er magnets, v%::b exert upon it the inductive contact
while it undergoes the friction of the rubbing magnets. This
method is found very suituble in magnetising needles for
compasses. Another method, called the dowble touch, con-
sista in arranging the bar as before, with magnets in a line
with each end, and using two rubbing magnets with opposite
poles brought together; but instead of beginning at the
middle of the bar, and separating the two, and drawing them
apart to the two ends, they are held together and rubbed from
end to end backwards and forwards. The inclination in this
case is to be still smaller than before. The ends of the
rubbing magnets are not in actual contact, but press upon &
wedge of wood or brass which lies betvrcm them. Thit.: method
communicates a very int egree of magnetism ; but is s
to make the poles :t’ the bar unequal in strength. P'.
.20, ¥ of being a straight bar, it is convenient to give
magnets the form of & horse-shoe, which bﬁn%their poles
near each other, and makes it easy to complete the circle, snd
to bring both poles into um;themobjm. Such &
magnet is represented in wing figure. A and B are
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the wmw are joined by the bar ma, which is of
; ™ having the opposite magnetism from A,
and » from B. Each horse-shoe
is permanently furnished with such a crose-
E:u, made of soft iron, which is called the
per, and sometimes the /ifter, and also the
armature. When the magnet is used to
suspend weights, these are attached to the
keeper, as shown in the fizure.

21. In order to make a very powerful mag-

net, s number of single bars are joined toge-
ther. This makes a compound magnet, or
magnetic bundle or battery. They may be
either straight or horse-shoe bars. A com-
pound horse-shoe magnet is represented be-
neath: R is the ring for suspending it, and
Ak’ the armature; the bars are magnetised
before being joined, and they are fastened by
screws 3 and s running through them.
A piece of loadstone is ;renen]f; fitted up in & frame-
work of soft iron, and its poles are thus
communicated to projecting ends of iren,
which have the same action as the ends of
magnetic bars.

23. The strength of a magnet may be
gradually heightened by hanging weights
to it, which are to be incre at intervals
of time by little and little. On the other
hand, the magnet is weakened by abruptly
breaking the contact, as in drawing off the
keeper suddenly. If an iron bar s in in-
ductive contact with a magnet, and in that
pusition receives a succession of blows with
8 hammer, it will scquire a fixed m?mm 3
0, if it is placed under induction while het,
and allowed to cool, the magnetic state will be confirmed so as
to remain ; also if iron, while under induction, becomes y
the chemical action will have the ssme effect in fixing the
magnetism. On the principle that s change in the molecular
coustitution of the iron can render permanent the m 5
state, it is possible to form an artiticial loadstone. On dipping
& powerful borseshoe magnet into iron filings, & great mase
vgbewudrounduch , and they will run together
50 aa to make a string or tuft between the poles. The whole
mass taken together will be as one magnet of loose
If the filings are then moistened with oil, and expossd to

|
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red heat while connected with the magnet, a partial oxidation
of the iron will take place. The mass will then cohere
together with some degree of compactuess, and will remain
remnnendy maguetic, and very much resemble the natural
osdstone,  On the other hand, a magnet when heated to red-
ness and then cooled, loses 1ts magnetisin entirely, as well as
its steel temper. Red-hot iron loses the power of being
attracted by the magnet, and seems to become like one of the
indifferent metals. Oun closer examination, however, and by
the use of & magnet of very grest power, Faraduy found that
the magnetic susceptibility is not entirely lost at a red heat,
but merely very much enteebled.

24. Iron is not the only musgunetic metal, although it be the
one most powerfully aflected.  Nickel and cobalt are also
magnetic, and are attracted and polarised exactly like iron,
It was formerly supposed that all the wetals might be subject
to magnetism in some deygree, although perhups 1t might

uire & much lower temperature than ordinary to make the
polarity appear; but the receut experiments of Faraday are
tending to show that only a limited number of thein are
nufnctic ; namely, the three already decided on—irou, nickel,
and cobalt; and as far as appears at present, six others -~
titanium, munganese, cerium, c‘u-umium, palladium, and pla-
tinum ; while the rest exhilnt appearunces of a kind directly
opgrml to the actions of mugnetic bodies,  +

5. A certain nuinber of metals when under high maguetic
influence—as when lymg between the poles of a powerful
horse-shoe magnet—are repelled by both poles alike, so that a
bar suspended between two poles 18 cowpelled to nxsume a
cross position, from its secking to be removed as far as it can
be from both. To this action Faraduy lbas given the name of
diamagnetism, or cross magnetism. 1t is, how ever, radically
different from magnetic action, although caused by a magnet.
Ita want of the polar character makes it an exception to all
forms of electrical excitement. It takes place o decidedly on
the following metals, as to prove them to be at least not
maguetic timony, bismuth, cadmium, copper, gold, lead,
mercury, silver, tin, zinc. But the cross action 1s not con-
fined to metals: it belongs to almost all solid, liguid, and
gaseous substances, excepting those that are magnetic ; and it
may belong to them too for anything we know, since, though
it did exist, it would be overpowered and bidden by their
magnetic tendency. The diamagaetic action is found to be
strongest with bismuth, phosphorus, and the heavy glass,
eox;xooed of silicated borate of lead.
. When a substance is magnetic, like iron, all its com.
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pounds are magnetic likewise. Oxides and salts, and the
other combinations of iron, nickel, cobalt, titanium, &c. are all
attracted by the magnet, and consequently excluded from the
list of Faraday’s diamagnetics. Liquid solutions of the acids
and salts of these metals are seen to be magnetic as well as
the solid masses. Hence if any compound of & metal shows
Eolnrity, or is attracted by a magnet, that metal is inferred to

e magnetic. It was principally by the use of compounds that
Faraday determined the magnetic character of the six metals
sbove enumerated additional to iron, nickel, and cobalt.

MAGNETISM OF THE EARTH.

27. The earth, taken as & whole, forms a great magnet
having two poles, termed its north and south magnetic poles.
Thia s proved by the fact, that all magnets assume a fixed
rolition on its surface, in a direction nearly north and south.

f we suspend a magnetised bar with a string, and leave it to
itself, on coming to rest it will take this north and south direc-
tion ; and if we move it or whirl it round, it will come to rest
ayrain in the sawe position.  The exact direction of the mag-
netic needle, or freely-suspended bar, in any place on tge
carth, determines the magnetic merdian of that place; which
is an imagnnary upright plane (like those used in astronomy),
passing through or along the bar thus suspended. This men-
dian is not wiways due north and south, and couwiuandy it
does not coincide with the astrononucal meridian,  Its devia-
tion from the latter 1s called the declénation.  This declination
is sometines east and sometimes west. 1tis also called the varia-
tion of the compass ; and in using a compass to determine the
true north point, allowance must be made for such variation.

28. The declination varies in different places, and is con-
stantly changing for any cne place. Its change is stesdy
and progressive : after increasing up to a certain point on one
side, it decreases, comes to nothing, and pusses to the other
side, where it increases to a maximum, and then commences
to retreat. Thus in 1660 there wus no variation in London ;
the needle lay exactly north and south., In 1700 it had ac-
quired nearly 19 degrees of deviation to the west, which
went on increasing in this direction during the whole of laat
century ; and in 1800 it amounted to upwards of 34 degrees.
From 1815 downwards it bas been sﬂmly decrensing. It
must take several hundreds of years to go |.luou§h an entire
course.  Besides this general movement in one direction, the
needle shows other variations: it_has & small daily vibration
called the diwrmal varistion. From sunrise it begina its



MAGNETISM OF THR RARTH. 19

weaterly sweep, which continues till about five ».x.: it then
retrogrades, and continues to move east until it has reached
its mean position, where it settles through the night. This
movement seems connected with the course of the sun.

20. If a bar or needle is made to balance itself level or
evenly in an axis before being magnetised, it will not lie even
if placed in the magnetic meridian, after it has been rende:
s magnet. It points downward, or is said to dip. This dip
or dnclination of the needle is so great in some places as to
make it stand nearly upright. But the dip varies with the
latitude.  On the equator the needle is nearly level; in the
regions about the north and south poles it approaches the
upright position. In this country it inclines or dips about
78 frgea It is evidently owing to the earth’s magnetic
poles being situated deep in the interior of the globe some-
where in the arctic and antarctic circles.  Captain Ross came
to & place in 70° &' north latitude and 263 14 east longitude,
where the needle stood perfectly upright, showin‘: that the
north magnetic pole was directly under that spot, being thus
at a considerable distance from the north pole of the earth.
On the other hand, there ave places in the tropics where the
needle has no inchnation; amr every such place is said to ba
in the magnetic equator, which is formed by drawing a line
through all the points where this perfect level occurs. The
magnetic equator dves not coincide with the earth’s equator,
but deviates to each side of it, and forms on the whole n very
i lar line. The level of the needle is evidently produced
w the «*ual and opposing actions of the north and south poles.

orth of the magnetic equator the dip is north, and south of
the equator it is south,

80. There is the same constant fluctuation in the inclina-
tion as in the declination of the needle. The inclination has
been gradually diminishing in London for the last century.
It also hae daily variations. The aurora borealis has always
an effect upon the magnetic needle, both in its declination
and its incmmtion. Earthquakes and volcanic eruptions are
accompanied with magnetic disturbances, which sometimes
canse & permanent alteration of the needle. There occur,
besides, agitations, called magnetic storms, which sometimes
affect a whole conti imul ly, lndlyroduee large
vibrations in all the magnetic instruments. From all these
circumstances, it appears that the earth’s magnetism is under-

w incessant fluctuations and changes, some gradual and

y, others sudden and mommn?.
31. Besides the inclination and declination caused by the
earth’s magnetic polarity, the intensity of the action bas




20 ELECTRICITY.

been made s matter of observation. This is measured by a
separate instrument, and it is found to be least on the mag-
netic equator, and to increase gradually towards the magnetic

les ; but like the other two elements, it is continually vary-
ang in the same place.

82. In regard to inducing magnetism upon iron, the earth
acts like an ordinary magnet. bar of 1ron, pointed to the
pole like a dipping needle, and hammered, or cooled, or rusted
n that position, becomes a magnet. So certain is this effect,
that hardly any iron is ever found free from magnetism. The
earth’s inductive effect is rendered permanent in pieces of iron
by the various modes of working and employing them, as well
a8 by the spontaneous oxidation which occurs when they are
lying unused, In high north latitudes, pokers and bars that
usually stand on end inevitably acquire a small degree of
magnetism. In the tropics, bars which lie on the ground
nearly north and south are affected in a similar way.

33. The magnetic force, like all other influences spreading
or radiating from a centre, diminishes as the square of the
distance increases.

MAGNETIC INSTRUMENTS,

4. The apparatus desizned to exhibit magnetic actions, not
only serve for the study of the phenomena in a scientific point
of view, but have ulso very important practical applications.
‘The marwer's compass, which is a declination needle, serves to

guide navigation in the
o AN W o open ocean, w hen there

PR ° t,ﬁ; : is 1o mark either in the
sky or on the visible
horizon to distinguish
north, south, east, and
west. By pointing al-
ways to the north, or
within a known angle
of the exuct north poiat,
it shuws the course of
the ship at every mo-
ment. [he most essen-
tial isam i
barl::fnneel, called the
mdﬁ, which is sup-
ported horizontally on
a central pivot, round
which it is free to move and to point in any direction. The
Bivot rises from & circular cwrd or dial, round the circumferenco
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of which are marked thirty-two points. The preceding £
represents this cud:«;\‘uyrth. south, east, m':i“:mt. nmg:lh':
main or cardinal points, and are indicated by their initial
letters respectively, while the subordinate points are also
marked by letters, as NbE for north-by-east, N N E north-
north-east; and so on. To be able to recite the various points
is said to “ box the compass.” The card and needle are tixed
in & round dur, enclosed by a sheet of glass, to secure it
both from the agitation of the atmosphere, as well as to
exclude dust, moisture, and other things which might inter-
fere with the correctness of its indications. The whole is
enclosed in auother box, suspended by two concentric brass
circles or gimbals, as they are technically culled, and in such
a manner, that the compass hangs, as 1t were, on points like
a swivel, by which, dunug the pitcling and rocking of the
ship, the needle and its card remain in a honzontal posi-
tion, and under all circumstances of motion indicate the
various points correctly.

85. The dipping or tnclination ncedle has to be suspended
on an axis, with an upright
graduated rim attached to it, to
show the amount of the inclina-
tion. The instrument is repre-
sented complete in the figure.

36. A great improvement has |
been eftected in the use of the |
compass by taking into account
the action of the ron of a ship
upon 1t, and providing a method
of neutralising this action, whose -
effect would of itself render in-
accurate the indication of the
needle. A ship necessarily con-
tains & large quantity of iron,
which is sure to have some de-
gree of magnetic power ; and us
the compass hangs in the stern,
the attraction of the iron will always tend to make the
needle turn to the direction of the ship’s motion. It has been
actually found that this source of disturbance is sufficient to
cause very great mistakes as to the courses of vessels. The
remedy gr it was invented by Barlow, and is called Barlow's
Protecting Plate. 1t is a plate of iron, fixed behind the com-
pass, or between it and the stern of the ship, which of itself
vronldusrodnee a disturbance of the needle; but it may be so
adjusted that its action shall be exactly equal to the action
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of the other iron of the ship. Although this counteracting
plate weighs only a few pounds, yet, by its nearnese to the
it can be made as pow as the whole mass of the
ship’s metal, whose average distance from the compass is
mecessarily considerable. e adjustment is made by find-
ing out thit:x; dim;rbmo:y produced by the t:xm‘ on the
compass; W, is done comparison with a wmm
plummt of the reach of the dial::rbing influence.
plate is then mounted in connection with the c , and
moved farther or nearer till it cause exactly the same amount
of error, and the position thus found is made anent. The
ship’s compass is taken on shore when this last operation is
performed; and a complete neutrality can thus be effected.

THE MAGNETIC FLUIDS.

87. To account for the magnetic phenomens, it has been
supposed that there are contained in the structure of iron and
er magnetic substances two subtile fluids destitute of
weight, colour, or sensible appearance, but imparting great
energy to the solid matter. A portion of one tluid strongly
repels another portion of the same fluid, but nrongl{:m-_wu
a portion of the other fluid. Each atom contains sbout it &
eertain quantity of both. In the unmagnetised state, the two
neutralise each other, and have no influence of any kind; but
by excitement, one fluid is driven towards one end of an
atom, and the other accumulated at the other end. Being
prevented, by the cause which rouses the excitement, from
coming together upon the same atom, through their mutual
attraction, they produce attractions between adjoining par-
ticles. The fluid sccumulated at one end of one atom attracts
the opposite fluid at the end of another atom ; and as the fluids
cannot quit their respective atoms, these are drawn together
at their unlike ends. When two atoms are lying contiguous,
if one has its fluids excited and polarised, the fluid accumu~
lated at one end will draw the ite fluid of the adjoining
particle towards itself, and repel the fluid like to it (as the
moon draws the water in the earth under herself), and the
second atom will thus be polarised by the inductive power of
the firet. This second atom will have a like action on the
third, and polarity will thus be propagated like waves. Each
excited will cause an oprik excitement in the adjoining
side of the next atom, and a like excitement in the far-off side.
38. This hypothesis serves in some measure to represent or
oxpreas the sctions which are aeen to ocour ; it cannot be said
at all to explain them. ‘
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FRICTIONAL OR TENBION ELECTRICITY.

30. The electricity of Friction or Tension is the excitement
that first received the name of electricity ; and it is still called
Common Electricity. It is usually developed by means of
friction, although there are many other sources of it. lts
most :ypmpri;‘behn;me is T;nsion Elmtr&citg—-muning that
it possesses a hi egree of tension, or tness, or en s
o that when itg discharged, it strikes a niflddeu and pom
ful blow on whatever comes in its way. It agrees with mag-
netism in being a per t and self-sustaining excitement;
it is contrasted with magnetisin in its being producible on
almost all substances, and in its being very lLiable to be dis-
charged or reduced to neutrality.

40. If we take a stick of sealing-wax, and rub it with a
dry woollen cloth, we shall find that it has acquired the power
of attracting light bodies, such as little bits of paper or fine
dust. In its ordinary condition the wax has no such pro-
perty; the attraction is caused solely by the excitement of
the rubbing. A piece of amber (clectron), or any resinous
body, will show the same phenomenon. A glass rod, well
dried and rubbed with a piece of silk, will in like manner
become attractive for light bodies.

41. The entire range of this action is best seen by suspend-
ing s feather, or a pith-ball, by a silk
thread, on a stand such as that in the
figure. The lightness and mobility of
the ball (4) make it a very delicate test
of the existence of attraction. If, then,
we bring the rubbed wax (w) near the
ball, it will be attracted; but on the
inatant of touching, the attraction seems
to cease; the ball drops away from the
waz and flies off, and is now repelled by
it; so that if we bring the wax near the '

the latter moves still farther away. The contact brought
about by the attraction at first has led to the communication
of something to the ball, which causes it to be actively re-
pllody the wax. A rod of glass will exhibit the very same
train actions —first sttraction, then contact, and lastly

4. !; m,t‘vemptntheeﬂecuofwn snd glase on the
same hﬁ, & new distinction sppears. Let the ball be acted on
by the excited wax, or be attracted, touched, and finally re-
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pelled. While in this state of repulsion by the wax, let an
excited glass rod be brought near it—it is instantly attracted
by the glass, brought into contact, and then repelled. If the
wax be now brought near, the ball will be attracted once more ;
40 that there is evidently an opposition in the characters of
excited wax and excited glass ; what the one repels, the other
attracts, and what the one attracts, the other repels. They
ure like the opposite poles of a magnet. The friction thus
developea a force which is polar in its nature. The discovery
of the difference between wax and glass has led to the belief
n two kinds of electricity —the one called resinous, from its
being the excitement of wax and resinous bodies ; the other
vitrcous, or the excitement of lass.

43. If we now take two pith-balls, and suspend them
together or near one another, and apply the excited wax, we
tind both attracted, sticking for an mstant on the wax, and
then driven off, and both held at a distance by repulsion ;
but besides being repelled by the wax, we see that they are
also repelled by vne another.  The very same happens with a
class rod, or any electrified substance ; so that when two

ies have touched one and the same excited body, thewy
scquire a mutual repulsion. It is now plain that the balls
bave received some influence by touching the wax, for after it
is tuken out of the way, they continue actively to repel one
wnother.  From this we infer that a body electritied by fric-
tion can communicate its excitement to another y
touching it; so that the exeitement does not remain fixed in
the place where it was produced, but can run along from one
surface to another.  This conveyvance from place to place is
called conduction.  While the pith-ball lies on the surface of
the wax, it receives a portion of the wax's excitement upon
its own surfuce ; and when two balls have each acquired ex-
citement in this way, they show it by repelling each other,
just aa the wax itselt repels one or both of them. It is mani-
fest that the electrieity that passes upon the pith-ball from
the wax is of the same kind as the wax itself possesses. This
can be still better proved by comparing, as follows, the wax
with the opposite substance, or with the glass rod.

44, 11 the glass rod is used exactly as we have described in
the case of the wax, the same thing will happen by means of
it: the two balls will be both atiracted, then both repelled,
und when the rod is withdrawn they will remain repelling
one another. But let us next act on one of the balls with the
wax, and on the other with the glass, until the one ball is
soen actively nml‘l:'d by the former, and the other actively
repelied by the . 1n this state lot the balls be brought
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within a little distance of each other; they instantly attract
and fly together. Thus when both balls receive excitement
from one substance, they repel, when they receive excitement
from opposite substances, they attract, one another. The wax
by touch gives its resinous excitement, and the glass a
vitreous excitement; and the opposition of polarities thus
created causes attraction, as in the magnet.

46. We have therefore the following general results aris-
ing from the rubbing of substances :—

1st, A great number of bodies, by being rubbed, acquire an
electrical excitement, shown in attracting other bodies. Both
the substances rubbed and the substances attracted may be as
various as possible; showing that the property is not special
and confined to one or a few substances, like magnetism, but
universally diffused.

2d, This excitement can be communicated by touch to other
bodies ; showing that it does not remain attached to the ex.
cited imrticlm, but may run along a surface and seize other
particles, and give them the same power as 1f they had been
themselves acted on by the rubbing. This property of con-
duction is not seen in magnetism.

3d, There are two opposite kinds of the excitement: exem-
plified, the one in wax, and all resinous bodies; the other in
glass (vitreous).

4th, When two bodies receive the same excitement, they
repel each other; when they receive opposite excitements,
they attract each other. This is the law of magnetic excite-
mwent also,

40. It is found that the force of the attraction, or the repul-
sion caused by electricity, is inversely as the square of the
distance ; whence it resembles not only magnetism, but gra-
vitation, heat, light, and sound.

47. It is necessary to state here the explanation given by
Franklin of these phenomena, as it led to the adoption of the
terms positive and negative, instead of vitreous and resinous,
to express the two electricities. He imagined a fluid per-
vading all matter, strongly s«if-repulsive like s highly-
elastic gas, and spreading itaelf as wide as it ibly can.
This great repulsiveness 13, however, moditied its second
property, which is an en ic attraction or adhesion to all
material bodies, so that each substance contains a quantity of
fluid pervading it throughout, and firmly bound to each atom,
In ordinary circumstances it is in a state of rest or equili-
brium, or 50 counteracted by itself that it makes no motions of
any kind; but when two bodies are rubbed together, the
equilibrium is disturbed, one of the bodies acquires more then
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its natural share, and the other less: the one contains, as it
were, condensed fluid or ether ; the other rarefied fluid. But
this forced inequality t last: the condensed fluid tends
t0 rush towards the raretied portion, and in so doing, drags
with it the substance it resides in, so that there is an attrac-
tion of the bodies themselves when their containing fluids
are of unequal strength. Hence the tendency to come to an
* equilibrium, joined with the adhesion to the particles of bodies,
brings on the attraction which we see. On the other hand, if
two bodies have both an excess or a condensation of the
fluid, their repulsion will be above average, and they will
wmove away from one anvther.

48. This hypothetical assumption is not sufficient to explain
all the phenomena ; but it agrees with some of the most promi-
nent of them, and brings out an additional fact, not apparent
from any of the furegoing experiments, but completely estab-
lished by other experiments, which we shall state as the fifth
general law of electrical excitement.

5th, When a body is electritied by being rubbed, the rub-
bing body also receives an equal and opposite excitement.
Thus the cloth that rubbed the wax is electritied as much as
the wax, but with the opposite kind—that is, of the same kind
a3 glass acquires. So the rubber of the glass rod is resinously
electrified.

49. Now, according to Franklin, electrical excitement is the
samne as an excess or a defect of the electrical self-repulsive
ether; and accordingly he calls the one excitement plxs or

tice electricity, the other minus or megative electricity.
terms are found to be so appropriate that they have
been retained, and extended to all the current electricities to
he afterwards described. The electricity produced on glase is
what is chosen as positive ; that on wax is therefore negative.
1t is therefore to be distinctly borne in mind that
Glass or vitreous clectricity is positive.
Was or resinous electricity is negative,
When a pith-ball touchee scaling-wax, it is negutively elootric
fied; when it touches glass, it is positinely ified. The
cloth which rubs wax is positive; the cloth which rubs glass
is pegative.  Positively electrified bodies repel each other;
vely electrified bodies also mnlfmhothu-; a positive
'y and & negative attract each other.

CONDUCTORS AKD INSULATORS.

80, Al the word conduction is used to expross the
travelling of ical excitement from one surface to another,
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the passage of electricity is very different from the passuge:sl -
heat, u.hog:xpremd by conduc:.xyon.. Heat is conveyed slowly

from one portion of a mass to_another, or from one body:to

another in contact with it; electricity passes quickly, and

sometimes, we may say, instantaneously. Heat penetrates the

interior, electricity travels on the surface. Electricity is not

radiant like heat ; it does indeed influence bodies which are at

some distance, but the influence is quite of -another kind from

conduction, or from what passes by touch or contact.

51. But although conduction is a general property of the
electrical excitement, it is very different for ;iﬂ'erent bodies.
On some surfaces the excitement runs from end to end with
such quickness that no sensible time elapses; on others it
travels slowly, so that a rod might be strongly excited at one
end, and yet remain a long time neutral at the other end;
such a body would be called a bad conductor. But the word
¢nsulate is used as the opposite of conduct ; when a substance
retains the electricity, and resists its passage from place to
place, it is said to be an insulator; the electricity is cooped
up there as in an irsula or island.

62. The substances we have mentioned as convenient for
producin%l electricity—namely, wax, resin, amber, glass, &c.
—are all bad conductors, or insulators. The excitement on a
stick of wax remains almost on the very spots which are rubbed;
it does not pass along the surface except in a very small de-

The same is true of a glass rod, but not to the same
extent ; the glassy surfuce resists the passage sufficiently to
be called a good insulator, but it does not resist so well as the
wax. This property of insulating the electricity is essential to
the success of such experiments as we have described with
these substances : bad the excitement run freely over the sur-
face of the rods, it would have passed away by the hand, and
diss as fast as it was produced, and the attractions
wouY not have occurred. If the rods were wet, the effects
would not be seen; for water in the smallest film is a good
conductor, and would carry away the excitement, so that
we would not know that any had really produced.

53. The substances which form the best conductors are the
metals. Although unequal in this respect, every one of them
is & good conductor ; so much so, that no perceptible eloctﬂciz
can remain on any surface, if there be a metal in contact wi
it and connected with the ground. The following table exhibits
a series of bodies in the order of their conducting m
thoee at the top are the best conductors, those at the
the worst conductors, or the best insulators. Read from sbove
downward, it exhibits the order of conducting power; from
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below upward, it shows the order of insulating power; so that
we can give it the one title at the top, and the other at the
bottom :—

CONDUCTORS.

Metals.

Charcoal in jta variona forms.

Fused chlorides, iodides, and salts generally.

Nerong acids,

Alkaline solutions,

Water,

Aleohol,

Thamp air.

Vegetabile bodies.

Animal bodies,

Spermaceti,

{ilnwa,

Nulphur.

Fixed vils.

Turpentine.

Reminn,

fre.

Diamond.

Shell lae.

Oxalate of liwe,

ey gases.
INSULATORA.

54 Tt will thus be seen that thareoal stands next to the
metals; but this holds only of its pure forms, such as plum-
bago and well-prepared wood charcoal. In coal there is &
mixture of oily and pitchy matter, which lowers the conduet-
ing power, because these substances stand Jow in the table.
Fused salts ave good conductors, and next to them salts not
fused. Acid and alkoline solutions are better than seater.
When vegetable and animal bodies ure spoken of as inferior
in conducting power to water and alcohol, it is to be under
stood that they are quite dry.  Living vegetables and animals
are always moist, which will give them almost the same con-
ducting power as water. ‘The best insulators are seen to be
the dry gases; that is, gases free from steam and vapour.
Water is & good conductor only in its liquid state ; ice stands
low ; and steaan is not a conductor, but it i~ so liable to deposit
water or dew on the surfaces of hodies, that its presence is
generally adverse to insulation. Shell-lac is very much used
ax the best practical insulator; it belongs to” the class of
resinous bodies, but excels all the others of its kind in this
peculiarity, Glass stands much below the resins in insulating
power, and it is surpassed by sulphur; but on account of its
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hardness and strength, it has very frequently to be adopted as
an insulator.

55. It is convenient to draw a line in the above table at the

lace where, for practical purpuses, conduction ceases and
insulation begins. This line is tuken between vegetable and
animal bodies: a dry vegetable substance, xuch as a piece of
wood or a linen thread, is a conductor, thourh an imperfect
one; a dry animal substance, as u silk thread, is veckoned an
insulator, and used as such. The farther we go from these on
either side, the respective peculiarities become more intense
and decided. For good conduction, u wire of some metal,
such as copper, is used ; for good insulation, grlass, or wax, or
shell-lac, may be chosen.  But the very best insulators are
made conductors by being dump: henee dryness of surfuce
must be carefully attended to.  An eleetrical cel, brought to
this country some time ago, was Killed by « water-rat in spite
of its electric discharges; which, though suflicient to stun
very powerful animals, had no effect on the rat, whose fur is
unwetable by water, and therefore, as a dry animal substance,
proved & good insulator.

56. The substances presented in the table are merely a
selection from the general mass of existing substances, Every
body in nature is either a conductor or an insulator of clec-
tricity ; but the foregoing list will sufice to show with what
other properties a conducting or insulating power is usunlly
combined. It is evident, for example, thut the raseous state
tends strongly to insulation ; that bodies :\bmm(fing in com-
bustible material, such ax the resins, are inzulating ; that the
presence of water alwavs causes conduction; and w0 on.  The
character of a very wide range of substances is determined
since the rank of metals and of vegetable and animal bodies
is ascertained.

67. 1t was formerly considered that the insulators were
the only bodies that electricity could be excited on; hence
they were ulso called electricx, while the conductors, such as
the metals, were called non-rlectrics. But this supposition is
false. The metals are excitable by friction the sume us the
resing ; but from their being good conductors, the electricit
is apt to disappear from their surface as fast as it is formed.
It is possible, by proper insulation, to make them electric, as
well as senling-wax or glass. In the electrical machine, the
electricity is produced by the rubbing of a metallic surface
on glass.” The distinction of electrics and non-electrics, there-
fore, is no longer admitted.

58. The earth is considered the general reservoir of elec-
tricity : whenever any excitement is connected with the ground
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by a good conductor, it passes thither, and is lost by dissi-
pation, Jike a wave spreading out on a boundless sea.
earth is generally neutral, or very slightly charged ; and elec-
tricity og high tension will always run towards a body with
either no charge, or with a feebler charge, and still more with
an opposite charge. If the earth were negatively electrified,
positive electricity would run towards it with still more
energy than if it were neatral; whereas negative electricity
wonr not run thither, unless its tension or strength were
wreater than the tension of the earth's charge. It is in all
cases necessary to place instlators between an electrified body
and the ground, in order to retain the charge.

5. When an electriied surface, or an electric charge of
any kind, hins two connections with the ground, or with neu-
tral surfaces where it can spread, it always passes by the best
conductor, even although this should be by far the longest
path.  Thus u metallic rod would be preferred to a line of
wuter, water to dry wood, and wood to glass.

THE ELECTRICAL MACHINE.

60. In order to procure electricity in large quantities, and
of great intensity, a
rubbing machine is con-
structed, called the Elec-
trical ]Machine. Its es-
seutiul parts are a cylin-
der qun lass mour’nted
on an axle on which it
may be turned, a cushion
covered with a metallic
paste, and a melallic
cylinder to take the elec-
tricity off from the glass.
The ~figure represents
such a machine.” A Ais
the glass cylinder re-
volving on an gin ix& ﬂ;
two supports B an

which ave either of wood
or glass. E i acylinder,
carrying thecushion that
rube on the glass. This
ushion is

¢
separable from the cylinder, and when in it, rests on &
spring, which keeps it close to the glass during the friction. The
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cylinder E has a metallic surface of brass or tin, and it s
supported on & J)iﬂu D, which is an insulator made of glass.
On the other side of the glass cylinder is the metallic cylinder
G, destined to receive the electricity evolved on the former.
It does not of itself rub on the glass, but it is armed with a
row of brass points, which almost touch the excited cylinder,
and which are specially ndapted to carry off the electricity,
and spread it over the metallic surface. This cylinder is
called the Prime Conductor, or first receiver of the excitement,
and it is suﬂ:urtrd by a glass pillar, H, in order to be insu-
lated. As the electricity of glass 1s positive, this cylinder
must always receive positive electricity ; hence it is called the
Positive Prime Conductor. Sinee the cushion cylinder gets
itself charged with negutive electricity, it is called the Nega-
tive Prime Conductor.  The base of the pillar supporting the
negative conductor is movuble by u scrow s, to regulate the
pressure of the cushion. A flap of silk (K K) is fastened to the
uprer edge of the cushion, and covers the upper half of the
cylinder ; this may both increase the friction miven to the glass,
and help to retain the electricity on the surface till it go round
to the Xoinn on the prime receiver. The surface of the cylin-
der and of the insulating pillars must be kept warm and dry
during the working of the machine; and tInr this purpose a

rmanent heating budy is sometimes kept near, such as an
von heater or 8 lamp (F) applied to the holluw (D) of ench glass
pillar. Although the cushion cylinder is on an insulating
stand, it is not generally insulated when the machine in
worked ; insulation is used merely for certain special experi-
ments. Accordingly, it is usual to connect the negative eylin-
der with the ground by a chain. If it were not so connected
it would become highly charged with negative electricity, and
resist the further disengagemnent of the excitement.

01. The operation, then, consists in turning the cylinder
rapidly by the handle W. lts surface is rubbed hard on the
mmlﬂc’ paste, which the cushion is smeared with, and elec-
tricity is evolved of both kinds. The positive excitement
Eepun on the glass, and is carried round and taken off b

points of the prime conducter, and there accumulated,
being cut off from all conducting communication with the
ground. The negative excitement is given to the metsllic
coating of the ion, and thence to the whole of the nega-
tive cylinder; but for the sake of getting additional excite~
ment from the machine to the other side, this is carried to

the ur%hz the chain.
02. While the positive prime conductor is thus receiving s
coustaut stream of positive excitement, we may derive from
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it electricity for any experiments that we desire to make, or
we may observe upon itself the various smp_erues of electrical
excitement. Such experiments as we detailed at the outset
can now be made with far greater effect than with glass reds
or sealing-wax; the attractious and repulsions will be much
more powerful.  Feathers, pith-balls, and the like, will be
attracted and repelled with rapidity and vehemence. And
by means of metallic rods, electricity can be conveyed to any
surfaces we please at any distance,

63. A great number of striking and beautiful experiments
cun be made by electrifying bodies, and making them display
the attractions sud repulsions caused by the electricity.  For
example,’in the figure, B is an
insulaung stand formed of a
glass pillar, A is a brass knob at
the top of the pillar, and through
this nob runs the brass rod CD,
which suspends by a metallic
chain the metallic plate E. A
second plate F lies & few inches
beneath the tirst, and rests on a
stand which is not insulated.
A few light figures of pith or
other substance are laid upon
the lower plate, and the end of
the rod C1# brought into con-

o uection with the prime conduc-
tor of the machine, either by touching 1t, or communicating
by a cham or rod, or by beinge so near, that the electricity can
fly off to it in sparks.  If the machine is now worked, and
efectricity conveyed off to €, it will run along € D, and down
to the uprmr plate, and remain there, since it cannot go down
by the glass pillar to the earth.  The upper plate, in conse-
guence of its charge, will attract the figures from the lower
plate, and make them fly up to it; but as soon as they touch,
they will become thewselves electritied by conduction, and be
repelied or thrown down from that plate; but they no sooner
touch the lower plate, than they give away their excitement
to it, whence the charge passes off to the ground, and they
are neutral as before. r}he upper plate now attracts, and elec-
trities, and repels them again; and they move up and down
a second time, and discharge their excitement to the lower
conductor, snd are ready to be attracted upwards a thind
time, and 50 on.  lu short, so long as the upper plate is elec-
*~* d, they are kept dancing up and down; hence the name

’ " 118 given to the apparatus.
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64. The Electrical Bells is another apparatus for shawing
the same effect. The stand B carries upon it at a little height
u bell &, and above the bell a glasa
insulating rod terminating in the
brass knob A. From A proceeds
four brass rods, and from their ex-
tremities are suspended by brass
rods or chains four bells a, &, ¢, d,
hanging on a level with the ball #
on the pillar. Four brass balls
are suspended by silk threads from
the arms running out from A, so
as to hang between the vuter hells
and the central one. Electrieity is
then conveyed to the centrul knob,
or to any of the arms, and runs
over the whole of the arms and !
the outer bells, but it is prevented v
by the glass pillar from passing to the middle bell, and by

e silk threads from passing to the brass balls. 'The outer
bells are therefore bighly charged with the electricity of the

ositive prime conductor, and each attructs the ball next it.

he balls move up, therefore, and strike the bells; but no
sooner touch them, than they are repelled, and fly in the
direction of the central ball; which, being neutral and unin-
sulated, takes off their electricity, and with it their repulsion
from the outer bells; so that the instant they strike upon the
neutral centre, they are again attracted to the electritied bells,
and immediately repelled as before.  Thus, by incessantly
swinging between the two, they keep up a tinkling as long
as the electricity continues.

@5. Another set of experiments on the same principle is
made by feathers, heads of hair, or Like bodies,  When these
are electritied, the repulsion that bodies in the same state
always manifest, causes the hair to bristle up, and spread
itself out as far apart as possible.

66. It can be easily proved by the machine, that while the
glass cylinder acquires positive electricity, the rubber becomen
nepative. For this purpese the eylinder containing the rubber
is insulated by removing the chuin usually attached to it,
and the positive conductor is connected with the ground. In
this state the conductor that has the rubber will be excited,
snd its excitement can be turned to the same account as the
other in such experiments as the abuve. But to test its cha-
racter, we may use a suspended pith-ball and a piece of mlh:gu
wax, which we know whben rubbed to be negative. Let the
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sealing-wax attract the pith-ball, and electrify it with its own
kind, 80 us to repel it. Let the ball now approach the elec-
trified conductor, which ought to be feebly charged ; and it
will be repelied by it also, showing that the electricity of this
conductor is the same as that of the wax, or negative, If the
ball had been excited by touching a glass rod, it would have
been atiracted by the cushion conductor. Such experiments
will not succeed it the conductor is powerfully charged, be-
cause in that case the tntling excitement given by a piece of
wax is completely overwhelmed by the conductor's excite-
ment, and the ball is acted on as1f it were neutral. A piece
of excited wax, or any rexinous surface, serves on all occasions
to teat which of the two electricities is produced.

07. The metalhe paste smeared upon the cushion (a hair-
cushion covered W 'n‘x chamois leather) is what is called an
amalgam ; that is, a combination of mercury with other metals.
If « bar of tin, lead, or zine, or any metal, be dipped into a
veasel of mercury, the mercury will partially dissolve it, like
water with a salt. A solution m this way of any other metal
in mercury gives an amalram. The ixture used for the
electrical rubber s one part of tin and two of zine to six of
mercury 3 but different proportions have been used by diffe-
rent experimenters, . With the addition of so great a quantity
of salid metal, the mercury loses ity extreme fluidity, and
becomes visewd and pasty, approachine to an incoherent soft
powder. It is spread on the cushion with the blade of a knife,
and requires to be venewed from time to time; for besides
being dissipated by the action of the machine, it seems to
undergo some chenueal or other change that rradually takes
away its power of exciting the electricity,

68, Another form of the electrical machine, more powerful
than the one just described. is what i« called the Plate Ma-
chine ; that s, nstead of s eylindsr, a flat circular plate is used.
The cushion must then be doubls, so as to hold the edge as
between one's finger and thumb; and the other parts must
correspoud to the shape of the rlass. Two rubbers and two
sets of ponts are commonly applied to the plate’s edge, divid-
ing it, as it were, into four quarters. The chjection to such
machines is their hability to crack, by the heating that all
machines must undergo to make them thoroughly dry before
being wrought. But a cylinder maichine ean be much im-
proved in power by uttaching two rubbers to the cylinder, one
sbove and the otlier below, and enclosing both sides of the
cylinder with rows of points. and also by reducing the thick-
ness of the prime conductor (which must have the shape of a
spur whose arms contain the two rows of points) to about an



THE ELECTRICAL MACHINR. 35

inch. Such a machine has been constructed by Mr Straton of
Aberdeen; and it vields many times the quantity of electricity
that would be given by a machine of equal size made in the
ordinary form.

69. A machine of great power has been constructed, which
receives the name of Armstrong’s Hydro-Flectric Machine.
It was observed by My Armstrong, that a jet of steam rushing
out from an iron beiler, made the lmi]’-r @ive off electne
sparks, showiny that it had been electrifid by this action.
Accordingly, iron cvlinders have been formed like the boilers
of steamboats, and mounted with tubes for the escape of the
steam in the form of ja:’LIn. The steam 1% raised to a pressure
of two or three atmospheres before the tubes are opened. It
is then allowed to rush out 1n a row of jets, and in Auin T 80 1t
communicates aegatiee clectriaty m great quantity, and of a
very intense kind, to the whole outer surflau'v of the hoiler,
while it is itself positively clectrified in an equal degree. The
boiler being supported on glass pillars, i order to be inau-
lated, becomes so intensely charred that, of not relieved, 1t
darts off sparks to great distaners. No rubbing machine can
equal auch an apparstus in power.

70. The mode of action 1 thix machine has been thoroughly
investirated and explained by Faraday.  He lias shown that
the electricity arises from the friction of water grlobules agrainst
the edge of the steam-liolis. When the steam rushes out at
high pressure, it carries a rhower of water particles with it,
and these act as a rubber upon the metallic surface of the
boiler ; and the strong friction between water and iron is the
source of the electricity.  1f the steamn 1s dey--that is, if it is
perfect steam, or the true elustic gas of water, and free from
cloudy or watery particles -1t produces no excitement what-
ever. If atmospheric air, or any other dry gas is used, there
is no electricity exaited ; and it s completely proved that s

can in no case serve as a rubber to evolve electricity. But
if the gas carry with it a shower of particles either solid or
liguid, the surface that it rushes through becomes electrifled,
and the solid or liquid particles aequire the opposite excite-
ment. It depends upon the substance uscd what is the kind
of electricity given to the metal.  The iron boiler is made
negutive by the water particles in the steam current; but if
we substitute for water oil of turpentine, olive oil, resin, or
other similar bodies, the salid rubbed by them is positive and
the jet negative. Either steam or dry air may be used to
carry the powder, the fras having no action but to sustain
the rubbing stream. e action ceases if the water-drops
contain any trace of acid or salt, which would render them
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much better conductors of electricity than drops of pure water,
It is from its being too good a conductor, that & metal cannot
be electritied by ordinary rubbing, like a piece of amber or
wax. But the rapid rush of watery particles succeeds in
charging even a metallic surface. 1f, however, the water is
rendered too goud a conductor, by an acid or a salt being dis-
solved in it, the difliculty of keeping the electricities apart is
rendered so much greater.

ELECTROSCOPES AND ELECTROMETERS,

71. An nstrument for showing the existence of electrical
excitement is called an Electroscopk; an instrument for not
ouly proving it to exist, but also mraviring its strength or
tension, is called an Electrometer.  There are many instro-
ments of both kinds:—

72 A pair of pith-balls hung together serve to indicate
the presence of electricity.  If they are brought into contact
with an excited surface, they become both cﬁnrgcd with the
same kind, and repel each other.  Of course, if the surface
touched is neutral, there will be no uetion,

) 73. The Gold-Leaf Flectroscope is on the
same principle, but far more delicate. It
is represented in the adjoining figure. A
plass vessel has iusc-rtm{ in 1t a metallic
rod terminating in two gold leaves, and
surmounted by a metallic plate. The rod
passing through the neck i the bottle is
covered with shell-lac varnish, and sur-
rounded besides by a glass tube, A very
small degree of excitement communicated to
the metallic plate wall cause a divergence of
the gold leaves. To ascertain the kind of
~ e electricity, it can be compared with the
" inthinee of sealing-wax.
74 Both the pilY-ans and the gold-leaves
serve as vlectrometers to a certan extent; for in proportion
to the strength of the charge will be the distance of the
repelled balls or leaves.  And 1f we estimate this distance by
a graduated scale, we shall have » measure of the electrical
tension.  But there are wany cther arrangements for measur-
in§ the excitement, such as the following :—

5. The Quadrant Electrometer is represented on next B
A B is the stand, and g a semicircle of ivory, graduated
according to the divisions of a circle. From “the centre ¢

V& strip of cane, with a pith-ball b at its other end. If,
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now, the stand is connected with an electrical surface, ro an
to be itself electrified. the pith-hall hanging by it will share
in the excitement, and be repelled, and rise 4

up the scale. The degree to which it !
ascends will be a meunsure of the strength
of the electricity.

76. Volta's Electrometer is analogous to
the gold-leaf apparatus ; but instead of eold
leaves, it has two straws hung from hooks
at the end of the metallic rod. A seale is
fitted up in the glass vessel to measure the
divergence of the straws.  This inatrnment
is much more delicate than the quadrant
electrometer.

77. For measuring very strong charges, k
an apparatus of a larger kind is made use =
of. Such is what is called the Balance Electrometer, where the
strength is measured by the weight which can be overcome by
the repellent power of an electrical charge.  One end of a rod
balanced on the middle lies upon another rod, both ending in
balls or knobs; when an electrical charge is communicated to
the apparatus, the two balls repel each other, und the end of
the balanced rod rises. The weight which can be lifted up by
the rising end is a measure of the strength of the chargre,
~78. The Torsion Balance of Coulumb is a very important
instrument, both i electricity and in other departments, for
the delicate measurement of forces. A rod is suspended by a
thread, so as to hang horizontally like the beam o} a balance ;
and when this rod is acted on by any force, there is no resist-
ance to overcorue hut its own inertia, and the twisting of the
thread ; the last is 5o very slight, that a large sweep of the
rod takes place from a very faint action, and thus the minutest
degrees of force can be measured and compared, Coulomb
invented this instrument to investigate the law of electric
force in relation to distance; and by it he proved that elee-
tricity resembled gravity and other central forces, and dimi-

i as the aquare of the distance increased.

79. It has been seen that when electricity is evolved, both
kinds are formed at the same time. The one of the two rubbed
bodies has a positive charge, the other an equally strong nega-
tive charge. The same principle extends farther; we find
that a charge cannot even exist on a surface unless there be
on some adjoining surface an equal and opposite charge. Posi-
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tive electricity cannot be insulated, and made to remain by
itself; it will not pass into any situation where it cannot be
accompanied with a counter charge of negative excitement.
The polar character is rigorously sustained in frictional elec-
tricity, as well as in magnetism; we can no more have one
kind of excitement alone by itself, than we can have a magnet
all north or all south.

80. When a surface charged with electricity of one kind
is in the neighbourhood of other surfaces, but not touching
them, it communicates to them the oppesite electricity. The
aprnrntun best adapted for demonstrating this is a set of brass
eylinders rounded at the ends, and placed on insulating stands.
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Thus let m be the prime conductor of 8 machine; ¢ and ¢, two
insulated cylinders lnid end to end at a little distance from
each other and from the cunductor; and 4 a brass ball, with a
pith-ball & suspended to it. When the machine is wrought,
the whole of t{w surface of m has positive electricity., Now
the action of w upon the adjmuing eylinder is such, that the
nearest end » is electritied negatively, and the remote end o
electriied positivoly, The cyhnder ias received no electricity
by conduction; it has become polansed by induction, exnctly
as huppens in magnetism.  The middle » is neatral, and the
two ends are charged with equal and opposite excitements.
But this cylinder exerts its action on the second cylinder in
the same way ; the end of which next r is negatively charged,
and the other end positively charged.  The ball b also is
affected by the positive end of the second cylinder, and made
negative at one side and positive at the other, where it repels
the pith-ball. Thus the prime conductor, without parting
with any of its excitement by conduction, polarises & series
of bodies by its inductive power. There is no limit to the
number of bodies that might thus act on each other, exceps
the tension of the conductor; but the action on each successive
surface becomes gradually feebler.

81, If the remote end of one of the cylinders is connected
"i s conductor with the earth, the charge on that end passes
off to the earth, and the opposite electricity spreads over the
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whole surface of the cylinder. Thus if the positive excite-
went of v, the far end of the first cylinder, were conducted
awsy, the cylinder would possess all over a negative charge,
as it it had been conunccted with the negative prime cone
ductor of the machine.  But if, on the other hand, without
conducting off uny portion of the induced electricity from any
of the surfuces, we withdraw the prime conductor m, whose
tension caused the successian of polarities, they all instantly
return to their original neutral condition.  The presence of
the primitive source is necessary to sustuin the action; and
when this fails or 1s cut off 1t 1» like the removal of a magnet
from & soft iron bar—the temporary excitement ceases,

62, We may now understand why an electiutied xurfuce
attracts a neutral or unelectritied body, such us a pitheball,
It is not that electriaity causes nttractions hetween excited
and unexcited bodies, the same ax hetween bodies oppositely
excited ; but that the pth-ball is tirst rendered opposite by
induction, and nm'uctw& m conseguence of this opposition, A

ith-ball at a few inches’ distaner from an electitied surface,
i charsed with electricity by induction; and the hind being
contrary to the kind of the surface, uttraction ensues; when
the two touch, they become of the same hind by conduction,
The case of attraction by excited surfaces is the sume as the
magnet’s attraction for iron; an opposite excitement is firat
commumcated to the body, und it is then attructed. 1f a
series of cylinders were elrctritied us above shown, they would
all tend to attract each other by their opposite poles,

83, It is a fuct only lately discovered, that neitber the
prime conductor of the machine, nor any surfuce whatever,
can receive or contain clectricity, unless there be other sur-
faces near to contain un opposite charge of the induced kind.
Whatever bodies are in the neighbourhood, the walls and
furniture of & room, &c. are mude use of for this purpose, as
well as anything that is casually brought near. If the sur-

ing surfaces are emsily excited, and can take on the
induced electricity well, the prime conductor of the machine,
or any connected surfuce, may acquire s high charge; but if
these surfaces are difficult w excite, if they are of the non-
conducting kind, the prime conductor will receive only a
feeble charge. The second pole is iu this case not relgily
observable—it has a sort of irregular character; but decisive
experiments were made by Faraday, which proved that where
there is not a confronting surface for the induced charge, it
is impossible by the most powerful machine to put the least
possible excitersent on any surface whatever. It had
viously been shown, that if the outer surface of a b
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sphere were charged, no electricity would pass to the inside,
a?though there. were a free communication by holes; and
Faraday put the thing to the test on a large scale by con-
structing an insulated room, which he went into with his
electroscopes, while the outside was charged by a large ma-
chine; whereupon it was found that no_trace of excitement
appeared in the inside. The reason is, that there is not room
in the interior of a continuous hollow surface for both excite-
ments to exist apart, and yet confront one another.

84. There is a limit placed to the accumulation of electric
excitement on any surface,  But the better the opposition sur-
face given for the induced clectricity, the higher the charge
that 1t is possible to commumeate.  Accordingly an apparatus
was devised last century by a Dutchman of Leyden, thence
called the Legden jar, which completely suits the polar nature
of the charge by providing two equal surfaces, held apart by
an insulating medium, to receive both the primary and the
indoced eleetricity.  The simplest form of this double-surface
nprummn 15 & pane of glass, with a conting of tinfoil on each
side, the coatings being equasl to one another, and smaller
than the glass, so as to leave an uncoated margin all round,
as represented in the tigure.  1f one
of the coatings is connected with the
machine, and positively charged, it
will act by induction through the
glass upon the other coating, and ex-
c¢ite it in the manner already described
in the case of the row of brass cylin-
ders. The near or inner surface of
the second coating will be made nega-
tive, and the other surface positive;
und if the coatiugs are insulated, this
state will continue. But if the outer
sude of the second coating is connected
with the ground, and the positive
induced charge taken off, the surface will have only a nega-
tive charge left corresponding to the positive charge of the
first conting, directly derived from the machine. We have
thus a true polar charge, a positive and a negative surface
separated by an insulating medium. The exci t is now
no longer free, but fixed; peither of the electricities will ran
off by touching the coating with a conductor; they are, as it
were, held locked in one another, and the apparatus is almost
like an unexcited body. There will be no attraction of pi
balls, because the electricity does not need surrounding sur-
faces to act upon by induction in order to maintain i A
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high ch: can now be administered, if we keep the
::Zr sﬁm :;8:;18 second coating connected with the grfl:und,
while the first is connected with the machine. There beingr a
proper surface for the induced excitement, the {»rimru'y excite-
ment can rise higher and higher; but it will not show its
strength in the same way as on a single surface. The dead
lock of the two prevents them from acting singly; and we
hardly know of the accumulation that has arigen, till the two
surfaces are connected by a conductor, such as a metallic
wire; we then see a bright spark, and hear a sharp snap, as if
a violent shock had heen sent through the apparatus,

85. The Leyden jar is a glass bottle with two coatings of
tinfoil, vne outside and the other inside. The coatings do not
reach to the mouth of the bottle, so that they leave a rim of
nnke;IEdglass. A plug is fitted tightly into the mouth, and
covered with varnish, and thmu;:t the middle of it a brass
rod is passed, with a chain hanging to its lower end, to
make o connection with the inner coating. The upper end
of the rod is formed into a round &
knob. The figure represents the
jar with the apparatus used for
discharging it; which last is a
glass rod E to hold in the hand,
and two brass arms connected at
A by a movable joint. Through
these two arms the two electri-
cities run to mect one another,
when one end touches the outside
of the jar, and the other comes
near the knob connected with the
inside. In using the jar it may “S&&ii
be held in the hand, and the knob presented to the prime ron-
ductor of the machine; the inside thus acquires a poxitive
charge, and induces a negative one on the near surfuce of the
outer conting fronting it; that is, on the inside surfuce. The
outside surface of the outer coating would then be positive ;
but it being in the hand, the positive electricity passes away,
and leaves the outer coating entirely free for a negative charge,
which it thus possesses, and therehy fixes the positive cha
in the inside. The transmission of more electricity from the
machine to the inner coating, induces more on the outer, till
the jar is as highly charged us the strength of the excitement
communicated can make it. If, now, we try the outside with
pith-ball or other electrometer, we tind no sign of electricity ;
if we !ze:lh: inside through the projecting rod, we find in
avery charge; but there is no appearance corresponding
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to the actual excitement held by the two coatings. Let us
next apply the discharging rod; and having touched the out-
side with one Lall, let us approach the knob with the other;
and while these are yet an inch or two inches apart, the two
electricities will flash together with the usual spark and
noise. The tension or strength of the excitement is shown by
the distance that may thus be broken through by the attrac-
tion of the opposite states for one another; just as the stren,

of the excitement of the prime conductor of the machine is
judged of by the distance that sparks will pass through to a
conductor placed near. )

86. The electricity driven off from the outer side of the
outer coating by the induction, instead of being conveyed to
the earth, may be passed to a second jar, and may communi-
cate to it a charge by the same process as the first jaris
charged. Thus,in the figure,
let A, the knob of the first jar,
be in contact with the prime
conductor of the machine,
and let the outer coating be
insulated, by resting the jar
on a plate of grlass or other n-
sulating substance. A chain
C passes from this outer
coating to B the projecting
rod of the second jar, whose
outside communicates freely
with the ground. By work-
g the machine, the inside
) . of the first receives a positive
charge, which excites a negative state in the outer coating,
and in consequence drives off positive electricity by the chain
C to B, and thence to the inner coating of the second jar. A
second induction now takes place; and in order to rendsr
negutive the outer coating of this jar, positive electricity must
be driven off to the ground. Thus but‘h jars ure charged, and
in the same way a succession of jurs might be charged ; but
the second is weaker than the first, and the third than the
second, and 8o on, until st last the excitement would be im-
p:::suble. After being charyred, the jars may be discon-
ny , and each discharged by itself.” It haj pens in this
case, a3 with the cylinders, that one polarity is gmt the com-
mencement of an endless series of polarities which can be
mcedz s certain distance, growing weaker and weaker at
avery step.

87. The strength of charge which can be communicsted to
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a Leyden jar depends upon the thinness of the intervening.
olags. The whole quantity of the excitement will of counse
be greater as the jar is larger in size; but its tension, strength,
or intensity increases as the thickness of the glass is reduced.
The glass offers a_certain resistance to the induction, and a-
certain degree of tension is expended in overcoming this
intermediate resistance. The &mrticles of glass are them-
selves successively polarised, and it is only the surplus of the
inductive power that reaches the other coating. .Hence the
charge on the second coating is never equal to the charge on
the first; and consequently the reaction of the second does
not suffice to fix the whole of the excitement of the other.
This is the reason why a certain amount of free electricity
may be detected in the coating that was connected with the
machine. If, however, this fl;-ee electricity is taken off, the
remaining quantity will become insufficient to support and fix
the whole of the induced charge in the other coating, and a
small portion of its electricity will now be rendered ?ree, and
become sensible to an electrometer.  Should this also be con-
ducted off, the inner side will next show a surplus; and by
touching the two sides alternately, the whole (:5nu~ge may at
last be taken off, from this constant necessity for there being
a surplus on one side to fix the entire charge of the other.
The thickness of the glass rives rise, besides, to what is called
the residual charge; for after discharging a jar, if we apply
the rod again, a second discharge of a feeble kind will be ob-
served. The first discharge nentralised the electricities of the
metallic coatings ; they being good conductors, their portion
ran off first, aud came togrether before the eacitement of the
glass had time to go off; and this remaining excitement fur-
nishes the second discharge. There must te a hmit to the
thinness of the glass of the jar} for the electricity in polaris-
ing its particles evidently tends to tear them out of their
natural cohesive position, and to join them together by new
sides, corresponding to their electric poles. When the strength
of the excitement comes up to a certain point, it forces its
way through by making a hole in the glass. Jars are often
pierced in this way and rendered useless by the violence of
the polar coerciou of their particles overcoming their cohesion.
88. In order to accumulate electricity in great quantity, &
series of jars are joined together, forming a 14,2» battery.
All the insides are connected by joining their projecting k
together, and the outsides are co: d by passing wires
round them from one to another, or resting them il in a con-
i etallic bott The principle of the charge is the
very same a8 for a single jar; and the effect is vearly what
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would follow from one enormous g’;u- whose extent of coatings
is equal to the sum of those whic

constitute the battery.

80. The insulat-
ing substance
which separates
two conducting
surfaces, and en-
ables them to sus-
tain opposite
states, is called by
Faraday a Dielec-
tric.  All insula-
tors are dielec-
trics, and the best
insulators are the
best  dielectrics ;
for in as far as the dielectric is a conductor, it allows elec~
tricity to mes through in its own kind to the opposite sur-
face, and thus discharges instead of charging the apparatus.
As the glass of the Leyden jar is not a perfect insulator,
but admits & very slow conduction of electricity, the charge
necessarily decays, and becomes at last extinet.  With sealing-
wax or shell-lne the insulation would be more perfect, and the
induction better sustained.

90. The action of bodies in the capacity of dielectrics
teaches us the cause of their being insulators or non-condue-
tors. Electricity passes through bodies by polarising their
particles one after another; but in a good conductor the

lar state is very readily induced, and exceedingly little in-

uctive power is expended in bringing it on. Thus suppose
the first particle becomes positive on one side, and negative
on the other, it tinds the second so easy to induce into a posi-
tive and negative state in its two sides, that without any loss
of tension or time it polarises it ; and in the same manner the
negative end of the second renders positive the adjoining end
of the third and the further end nega-
tive. Conduction is supposed to be
nothing but a series of inductions ; but
these in some bodies are easily effected,
in others with difficulty.

91. The Electrophorus is a
useful piece of electrical apparatus,
depending upon induction. It con-
sists of a plate of metal, covered, but
not to the edge, with a plate of resin, which is poured on it
and spread out in the melted state. On the cake of resin i
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flnced a second metallic plate having an insulated handle (m).
f the resin be excited by rubbing, it will have a negative sur-
face; and by laying on the cover, it will be electritied by the
contact ; the lower surface lying on the resin will be positive
by induction, and the upper surface negative. [f we touch
the latter with a conductor, such as the finger, its negative
charge will be taken off, and positive excitement ditfused over
the whole, By this apparatus a small positive charge can be
easily obtained at any time.

92. The Condenser of Volta is an instrument intended to
accumulate electricity, when of a very feeble strength, such
as what arises in chemical actions. It is analogous to the
Leyden jar, or rather to the coated pane of glass. It conaists
of two metallic plutes placed on one another, with a very thin
layer of gum-lac varmsh between them.  The thinuess of the
gum-lac, which serves as the diclectric, allows the induction
mgm threugh, even although the excitement be very feeble;
and therefore there can be an accumulation of weak electricity
in the same way as the Leyden jar accumulates intense elec-
tricity. The condenser serves as an electrometer and electro-
8Cope, to attest the presence of excitement when too faint to
show iteelf without accumulation.

93. When a single surface, such as the prime conductor of
a machine, is charged by the help of the survounding surfaces
which serve to sustain its inductive charge, the intervemng
air is the dielectric ; but this diclectric s eamly overcome or
ruptured, so that a discharge cun take place through it at
great distances. Thus if we hold our knuckle within an inch
or two of the conductor, when the machine is at work, the
hand serves as one of the random surfuces for the conductor
to exert its induction upon, and becomes strongly negative,
and the whole intervening air is polarised like the glass of the
Leyden jar; but the air very soon nives way, and wllows the

ite excitements to flash together in a spark. The 1ore
rarefied the air, the greater the distance that sparks will go
through from one surfuce to another.

O4. In the case of an excited saingle surface, it is found that
unless it be a ball, the excitement is not equal on all parts of
the surface. The prime conductor is generally a cyhinder
rounded at the ends into hemispheres, and the electricity is
always stronger on the ends than on the body of the cylinder,
If we take a large globe and a small one, and join themn together
by a rod, and pass electricity upon them, the charge will be
most intense in the smallest. If the vne have four times the
surface of the other, the excitement of the large one wall bave
only one-fourth of the strength of the excitement in the
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amall. Whenever a surface approaches to a point or an edge,
the intensity proportionally increases, The cause of this
umqunl distribution is found in the theory of induction:—
We have seen that without a confronting surface to sustain
an opposite charge, no body can possibly receive excitement ;
and the better provided a” body is with a surrounding sur-
face, the greater the charge that it can take on. Now, if
we have two unequal balls in the same rod, their excite-
ment depends upon the induction which they can exert on
the surfaces about themn; but the small ball being in the
sume roum as the large, it has as good and extensive an
inductive surfuce presented to it us the other.  The two have
unequal surfaces of their own; but they have the same con-
fronting exterior surface in the walls and furniture of the
rourn, and on this unequal proportion of surfaces depends
their unequal capacity of beiug excited.  If we had twelve
balls of diffirent sizes, wll strung on one rod, and hung
in the middle of a room, they would take on exaetly equal
charges; but if we had one ball in one room, and another mn a
different room of other dimensions and material, the charges
would probably be unequal~the hall thut found most facility
in polavising the surfaces around it would take on the highest
excitement.  Now the rounded end of a cylinder is acted on
like a small ball; for a lurger surface is confronted with it
than with an equal portion of the body of the cylinder.
Suppose that, in the latter, four square inches had such a
degree of curvature as to be opposed to one-tenth of the whole
surtace of the roow, nud that four square 1nches on the end
made a hemiew{ph»w and contronted half the room (as the sar-
face of a whole sphere would confront it all round), then the
intensity on the end would be tive tunes that on the middle.
Accidental areangements will wmake one part of n surface
more intense than other portions equally well curved and ex-
lw " to surrounding surfaces ; a metallic plate, for eum‘)lle,
3 near one end of the prime conductor, will cause that
end to bear a bigher charge. A prime conductor of a machine
working in a tmsmith's shop, would rise up to much more
intensity than in an ordinary sitting-room. If a metallic
cylinder were enclosed in a larger cylinder, it might be
charged to a considerable degree; for this would be to make
a perfect Levden jar instead of the very imperfect way
that the second surface is furnished by the walls and furni-
ture of a room. The obstacle to the charge in this case
would be the weakness of the dielectric; we would find it
Decessary to make the outer cylinder considerably larger
than the inner, to allow some thickness to the intervening
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air, othorw;:se the electricity would break through and dis-
charge itself.
ch;g We may now understand the cause of the very great
intensity of the excitement at points and edges, and the ten-
dency that the electricity has to pass off from them. A point
is a very small surface, confronted with a very large exterior,
and the extent of the induced surface allows a very high in-
tensity to be atfained. 'This intensity favours the discharge
by increasing the action upon the dielectric of air, so that the
egecn'icity will pass off from a point to an O]Tosite body at a
much greater distance than it would pass through coming
from the round bulge of a large blunt cylinder. Henceif
surface is armed with points, these will rob it of its excite-
ment, and probably disperse it by their discharging force.
A row of points are used, as we have scen, to take up the
electricity from the cylinder of the machine; they being as
powerful to receive excitement from a surface where it is in
excess, as to pass it off to a surtace where it is deficient. Of
all single surfaces, a tlat plute will take on the least intensity,
and a sharp point the wreatest. 1t is therefore necessary that
surfaces which are intended to vetain electricity should be well
rounded, blunt, and smooth.  And on the same principle it is
requisite to heep the electrical apparatus free from particles of
dust, which, like points, take on an intense charge, and fly
away with a large share of the excitement.

06. The Leyden jar is discharged by establishing a con-
ducting communication between  the two surfaces.  But
though this is essentially the manner of the discharge in all
cases, it is usual to reckon three vameties of circumstances
wherein it may happen, making, as 1t were, three different
modes of snnulling the exaitement. These are called, 1sf,
The couductive, 2d, The convective, and 34, The disruptive
dischares,

1st, The conductive discharge is exemplified in the slow
discharge of a Leyden jar througli the glass, which, not being
& perfect dielectric, ulfowa of conduction to a small degree.
Also when the air between an exeited single surfuce and the
surrounding surfaces is dnmg, the line of watery particles
causes a slow communication by conduction, which fmdually
discharges the excitement. Agsin, if the uncoated glass of
the Leyden jar is damnp, 8 gradual discharge of the sume kind

takes Ell'h.?
2d, convective discharge is exemplified when pith-balls
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are attracted and repelled by a conductor, and then by touch-
ing some distant bos; lose their charge and become attracted
sgain, es in the electrical bells and dancing figures. In this
case the ball acquires by contact u certain amount of cha
which it carries off and communicates to the opposite indu
surface, serving as & go-between to carry positive electrici
to the negative surfuce, and negative electricity to the posi-
tive, and bringing about in this way a neutrality or equili-
brium. Particles of dust tend to discharge surfaces by this
process. In like manner particles of air are set in motion, and
convey the electricity from one surface to its opposite. The
intense action of points generally causes a current of ch
air to run out from thew, whose place is supplied by other
air that acquires a charge in its turn, and is repelled like the
previous portions.  There 18 always u repulsion created
the passagre of electricity from points, which can be made use
of to create a rotatory motion, by making a sort of wheel
with wire spokes, ending in points all bent inwards in one
direction, and the whole revolving on an axis.  The action is
not unhke the force in Barker's mill.  (See Hypravirics.)
ad, The dixruptive discharge is the breaking or forcing of
the dielectric, as when the glass of the Ieyden jar is broken
through. This urises when the twist griven to the particles
by their_electrical state is stronger than their mutual cohe-
sion.  Glass s generally able to resist such a power, but the
air offers very hitle resistance; henee disruptive discharges
readily occur in at.  This discharge may be exemplified by
placing 8 card between one of the balls of the discharging
rod und the coating of a Levden jar, and passing the elec-
tricity through the card; the opemng which it forces can then
be seen, and from it we may form some wlea of the action thas
has taken place. The hole ix very small, such us would be
made by a tine needle; but it is wideued on both sides, as if
the force had come equally upon it from each coating.
Whenever any bud conductor, such as a piece of wood, is put
in the way of a discharype, it is split up or perced in the same
wmanger, if the charge i« sutficiently powertul.

97, The disruptive discharyge is always accompanied with a
flash of light.  This has varous shapes, acconling to the con-
ductors used. Between two good conductors of rounded or
blunt surfuces-—such as the ball of the discharging rod, and
the side of the jar or its uob—we have the spark, which is a
round ball or glubule of lirht, which passes somewhat zig-zag
from one to the other. This correspunds also with the most
concentrated and enerpetic form of the discharge, The dis-
tance over which the spark will go, disruptively through the
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air, depends upon the force of the charge, and the goodness
of the conducting surfaces between which it runs.  From a
poing, or between a good and a bad conductor, the electricity,
passing off, praduces a #rush of hght spreading out from a
centre. The convective discharge through the air yields in
the dark a glow. When the mir is rarefied, the discharge is
made easicr, and will pass over a greater distance. In an
exbausted receiver it wi“l puss through two or three feet in a
lambent aurors flame. In the Errfwt vacuum hight is seen,
showing that empty space may take on an illumination. * The
spark 1s very bright in condensed atmospheric mr, white and
intense in carbonic acid gas, red and faint i hydrogen, yellow
in steam, and of an apple-green colour in ether and alcohol.”
By laying on a glass plate stnipes of tinfoil or gold leaf, cut
ucross and separated at every inch or short interval, and past-
ing electricity through the whale, there will be a disruptive
discharge, and a spark at every break of the continuity, and
the entire memlliv)lim- on the plate will be illuminated, A
great many striking effects of a amilar kind can be produced
1n the dark from the electrie heht.

8. The concussion given to the mr by the shock makea the
sound that we hear, which is like the sharp erack of o wlip.
Both the intermediate wir and the surfaces discharnred are
severely agitated by the sudden return from ther clectritied
to their natural state.

9. There is & very perceptible sulphurous amell accom-
mying the dixcharge of electricoy. The cause of it has

en traced by Professor Schonbeinr to a peculiar substance
formed during the discharge, to which I:- has given the
name of ozone; and he has shown that the same substance
is produced in other ways, and has certain remarkable pro-
perties, such as the power of bleaching cotton, like chlorine.

100. Electrical discharges have an aciditying tendency-—
that is, they form acids when the requisite ingredients are
present. Thus nitric acid is sometimes produced in the air by
the agency of atmospheric electricity ; and alcoholic liquors
ure turned sour, or made to pass into the acetous or vinegar
fermentation.

101, When the discharge is interrupted by an imperfect or
inadequate conductor, it tears, splits, heats, and sometimes
sets fire to bodies. Very thin wires are melted ; comhustible
substances, such as phosphorus or gunpowder, are inflamed,
The human body frels a violent stunning blow when s charge
is sent through it ; a very strong charge may cause irrecover-
able blindness, or even instant death. A Leydeu battery of
twelve jars could receive a charge sufficient to kill s man;
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and accidental deaths have actually occurred in working with
such gigantic batteries.

ATMOSPHERIC ELECTRICITY.

102. Franklin had the glory of discovering the identity of
electricity and lightning. ~ By putting up a kite while thunder
clouds were flonting in the sky, he actually drew down by
the string a distinct charge of electricity.

103. It is as yet very imperfectly known by what method
the clectricity of the sky is generated or excited. It 1s of the
same character as frictional electricity, or that of the common
machine; but no friction appears to be used in creating it,
nor any other method which we are distinctly aware of as
capable of producing electricity of high tension. It is cer-
tainly produced by heat as the remote cause, but the precise
way in which the heat operates is but partislly understood.
It was supposed at one time that evaporation evolved elec-
tricity, but this is found to be a mistake. Evaporating
water yiclds electricity only when some chemical change
goes on at the same tune, or when it produces some indi-
rect mechanical action, such as the friction of the water
purticles in Armstrong’s machine. But the relation of the
electricity of the air to heat is decisively confirmed by the
increase 1n it amount as we pass into the warm latitudes,
where thunder-storms appear with a power and grandeur
unknown in cold climates.

104, The great constant fact respecting atmospheric elec-
tricity is, that the carth is always becoming negatively
charged, while the air, or all conducting substances contained
in it, is at the same time positively charged. In fine weather
this goes on without interruption, but it is different for diffe-
rent hours of the day. When the state of the air is steadil
observed by an insulated conducting rod, we find that it is
least charged at eight in the morning, and most between
eight and ten in the evening. Tn foggy weather the states
are reversed, and the air is generally negative. During an
actual shower the air is commonly positive, but the rain-
drops themselves, when examined, are found to be in an
opposite state. But during showers, and enpecinll{ duri
thunder-storms, the state is constantly changing from ove
kind to the other. The dense fogs which sometimes settle
over a place, and last for bours, have usually a strong nega-
tive character; and their being thus highly charged with
electricity, seems to prevent them from being dissolved
heat so readily as vapours usually are; for it has been
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observed that a cold fog enterinE a warm room will remain
for a considerable time in the visible form.

105. The ordinary action taking place upon the air will
therefore render all floating clouds liable to become nega-
tively electric, especially in the lower regions, if we suppose
that it is at the surface of the earth that the electricity s
generated.  If other clouds float above, with a stratum of dry
air between, these may become positive by induction, and
thus there will be an opposition of states among the clouds
themselves, as well as the opposition between the lower atrata
and the earth.  When the uccumulation has reached a certain

itch, it will be discharged in some ane of the three ways.
f there is a communication of moist aie between the two
charged clouds, or between a cloud and the earth, 1t will pass
off quietly by ronduction : if there is a great movement
among the clouds themselves, it may be neutralised hy con-
wection ; but if two contigunus masses are highly charged,
aud a dielectric of perfectly dry air he between, there will be
a disruptive discharge in the form of thunder and hghtning.
When two clonds are mutually discharged in this way, the-
whole commotion takes place i the upper mr; the lychtmng
is faint and diffused ; and the thunder always distant.  But
when a large maxs of poative cloud hangs over the negative
earth, and when the intervening atr is dry, and the accamula-
tion great, the discharge bursts forth between the shy and the
gﬂ)und. and is then the most territic and dangerous.  The
ight has the zig-zag known by the nume of furked light-
ning; and it is apt to be concentrated 1 some one spot,
which is scathed and scorched by the stroke. The thumﬁan
bolts which throw down or set fire to houses, shiver trees,
and destroy hife, are of this character. Al the effects eapable
of being produced on the small scale by electrieal jara and
batteries, are caused in the grand scale by these thundery
discharges between the elouds and the earth.

106. On the principle that electricity always chooses the
best conductor within its reach, Franklin constructed the
thunder-rod for protecting buildings. It is n rod of iron or
copper from half an inch to an inch in diameter, rising above
the highest pinnacle of the building, and extending down
along a wall to terminate in the ground. To receive the
excitement more easily, itis pointed at the upper end, or
divided into several branches, each ending in a point (see
fig.) Al pieces of metal on the roof should be connected with
the conductor, otherwise these might attract the discharge;
and they not being continued to the ground, it must pass
from them to the imperfectly-conducting stone and wood, and
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produce its destructive effects. When a house has a metallic
rooting, or whether it has or not, strips of lead should be
built into the walls, and connected with one another, and
with all the metallic masses of the house, so
that wherever lightning strikes, it may find
a metallic conductor near to convey it harm-
lexs to the ground. The rod ought not to
terminate in a drﬁ' conducting body, but be
conveyed if possible to moist earth (¢), or to
a well, so that the electricity may be at once
discharged into a good conducting medium.
107. For the protection of ships, a conti-
nuous metallic line is necessary from the
maxt-heads to the sea. But the conductors
in this case must be suited to the changes
that have to be made in the masts and rigging
during the vicissitudes of & voyuge ; hence
they are made into a chain, or forwed of thin
tlexible strips of copper.
108. If a thunder-storm strike on a house
* that has no metallic protection, it will chuose
in preference bell-wires, duup walls, or gilded
gictum«; 2 human being will be preferred to dry walls or
oors ; hence the dunger of such a visitation. But the wooden
floors are better conductors than woollen cloth or feathers;
hence people lying in bed in the middle of a room. are likely
to escape. The greatest risk s incwrred when a good con-
ductor 13 afforded so far, and then eut short, and an insulating
substance succeeds : the lightning is thus attracted and con-
veyed a certain way with ease, but has then to furce 1ts pas-
sage by violence, or by going out of its course, to meet in
with some tolerable conductor. The human body, from its
moist state, stands high in the list of cunducting substances,
and would be pwfern-.s £0 & great many other things.
109, It is dangerous to stand under trees in thunder-storms.
A tree is a slightly better conductor than s human body, and
would receive the discharge in preference; but the very fact
of its attracting the lightning, while 1t is not a sufficiently
good conductor to carry it quietly to the earth, is a reason for
not standing near it.  The tree itself may be shivered to
pieces, and a portion of the shock besidesa communicated to
other objects. In a forest, where there is & large mass of
interveming matter, living beings may pass unharmed.
110. For making observations in atmospheric electricity, »
conducting rod is used ; but it has to be very carefully insn~
lated, so &.; it may receive all its excitement from air,




SOURCES OF RLROTRICITY. 59

and neither give to the earth nor receive any from it. In the
Electrical ()gserntorv at Kew, kept under "the charge of the
British Association, the principal conducting rod is a conicul
tuba of thin copper sixteen feet high, and projecting from the
cupola of the building. 1t rests below, within the cupela, on
& very strong hollow gluss pillar, which is the means of insu-
lating it; and the insulation is very much increased by a
lamp, which heats the inside of the plass, in the manner
already shown in the electrical machine. There is a certain
temperature which renders glass almost a perfect insulator; and
aithourrh this temperature cannot be given to the whole of
the pillar, yet if the lower end is heated hygher and the upper
end lower, there will be some intermediate portion which will
have the exact degree for insulation; and this portion will
resist the passage of the electricity as well as if the same
degree were mamtuined through the whole length. A pair
of fiue platinum wires are soldered to the upper end of the
eonducting rod ; and to increase still farther its attraction
for the electricity of the air, a lamp is also suspended at the
top, and kept burning. 1t is found that flame has the power
of rapidly receiving or dispersing electricity.  The apparatus
for Juwering and raising the lamp is a silk cond running up
the hollow of the rod, and attached to it alone.  The lower en
of the rod branches out into four brasa arms in connection
with electrometers, which constantly exhibit the strength of
its chargre, and show whether it is positive or negative.

111, The rurors borealis has been supposed to be n case of
faint lightning discharged far in the upper air, where the
rarity is so great that it may flash over great spaces, as we
see in an exhausted receiver. But the coincidence between
the aurors and distractions of the magnetic needle, render it
likely that it is some manifestation of magnetic, sather than
thunder and lightning, storms; which is confirmed by the
north and south direction of the streamers. This, however,
and indeed the whole subject of atmospheric electricity, is as
yet very imperfectly understood.

112. Hitherto we have regarded friction as the source of
electrical excitement; but there are many other ways of
evolving it. In general, all disturbances of the molecular
state of bodies, whether mechanical or chemical, are liable to
mna electricity. All the sources of heat (as well as heat

f), are sources of electricity. We shall now enumerate the
various sources in detail :—



. . 1 breakage of bodies is a source of elee-
‘teleity. -If u plate of mica -is rapidly cleaved in the dark
A : 1 pidly )
there is perceived a foeblé phosphorescent flame, and we find
that two faces have become charged with opposite elec-
trieities, From this it appears that crystals have a permanent
polarity in their particles, which is converted into free elece
tricity when they are separated. In the same way, ‘if we
break a roll of sulphur, or pound it to pieces, it will be seen
to be electric.
118. When two substances have been adhering together by
a firm cohesion, if they are suddenly broken asunder they
show electricity on the separated faces. If we pour melted
sulphur into a wine glass, and, while soft, stick into it a glass
tube to be a handle to the wmass, and leave it to cool and
harden, it will have contracted an adhesion for the glass. If
it is now abruptly drawn out, 8o as to break this esion, it
will be seen that the two surfuces are electritied.
2d, Pressure.—1f we take the plates of mica, or other
erystal formed by cleavage, and press them together, and
suddenly withdraw them, we find they have acquired elec-
tricity.  But the effects of pressure, as of friction, are greatest
with unlike surfaces. Let a disk of wood be covered with
silk, and the silk coated with resin, and take a disk of metal,
and press the two quickly together without friction; the sur-
faces, on being separated, will be excited ; the metallic disk
will be negatuive, the resined silk will have taken a positive
exciterent, contrary to the character of resinous bodies under
friction. [t was observed by Hauy that a crystal of Iceland
spar, and a few other minerals, became electric by pressing it
with the tingers: but the property is shown to be perfectly
general ; both good and bad conductors give signs of eleo-
tricity utder pressure. In making the experiments, the sub-
stancee used are cut into very thin circular slices, and each
is lnid upon & disk with an insulating handle ; they are then
pressed together by holding a handle in each hand. A disk
of cark, for example, pressed aguinst another of cacutchoue,
causes the first to have positive, the latter nerative electricity.
Crystallised minerals of a transparent character, such as sul-
}2\:&0 of lime, are positive when pressed by cork. Slices of
uit, such as an orange, are negative to cork. If one of the
substances preased is a good conductor-~a metal, for example—
and the other an elastic substance, as a slice of pith, no effect
will be produced; the electricity evolved is combined or dis-
charged before the two surfaces can be ted. That this
discharge is the cause of the nuility of effect, can be seen by
making the separation slowly in the case of cork and erange
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for when the charge of the two surfaces is tested by the tor-
sion clectrometer, it is found much feebler than when the
operation is guickly performed.

114. The two s must have a difference of character
of some kind or other in order to become excited by pressure,
If we take a well-dried cork, and cut it across the middle,
and press the two pieces together by the insulating apparatus,
we muay in some instances find un entire absence of excites
ment. But if one is heated, or receives a lagher temperature
than the other, a charge will be communicated when they are

together; the colder being positive, and the warmer
negative, If the one surface be rough, and the other snooth,
this difference will suffice to drwlo[l» electricity, although both
should be of the same material and of the same temperature ;
in this case the smooth surface will be positive, hke the cold
surface, and the rough surface negative.

3d, Friction.—This is the source commonly used in the
electrical experiments. But in these we confine ourselves to
the {riction of a very few substances; as the rubling of seal-
ing-wax and glass ruds with cloth, and the action of the glass
cylinder of the machine upon a mercuvial solution of zine and
tin. In order to investicate and explain the cause of the
excitement of electricity by friction, it is necessary to go over
& wide range of materials, and determine the ‘!m-riu.- effects
of each pair when rubbed topether. It is found that, except
where the two faces rubbed are perfectly identical in charac-
ter, electricity is always evolved by friction. In good con-
ductors, it is necessary to insulate well the pieces rubbed, to
keep the excitement from being carried off and lost.  With
this precaution, all the metals may be made electrical by rub-
bing them either on one anothber, or on non-metallic ies,
When disks of different metals are taken, it is found that there
is a certain tixed order that determines which becomes posi-
tive and which negative. Thus, in the following series, each
metal is negative when rubbed on any one following it, and
positive when rubbed on any one preceding it :—bismuth, paila-
dium, platinum, lead, tin, nickel, cobalt, copper, gold, silver,
iridium, zinc, iron, cadmium, arsenic, antimony. Supposing
we were to take s surface of platinum und a surface of iron,
the platinum would be negative, and the iron positive; and
#0 on with any other pair we chouse to select. To produce
the strongest poasible indications of exci y it is Y
to rub quickly with large sweeps, that the parts exciting one
another luy{e as soon as possible; the farther the
jon, the less the divposition of the two excitements to
agsin st the pluce of contact. When the agitation of
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the surfaces is produced by throwing the powdered particles
of a metal on a plate of the same, the effect is like that of
pressing or rubbing an unpolished on a polished surface—the
powder is positive, and the plate negative.

116. In general, when bodies ure rubbed on one another,
the one which suffers the greatest agitation of its particles is
negative; so that roughness, high temperature, and extent
of rubbing, sll increase the negative tendency. If two white
silk ribbous, taken off the same piece, ure rubbed across one
another, the one that is moved in its whole length across the
breadth of the other will be positive; and the other, which
has experienced the most intense action, will be negative.
The heat evolved will ulso be greater in the one rubbed across,
and this will add to its negative character. 1f a white ribbon
is rubbed on a black, and if the friction is equal on both, the
first will be positive and the second negative, showing that
the black dye causes the particles to experience more agita-
tion, or else become hotter than in the white ribbon.

116. The tension of the electricity increases with the pres-
sure and the rapidity of the motion. But there is a limit to
the tension which can be produced in any machine; for the
tendency of the opposite electricities to come togetﬁler, and
make a discharge at the place of their origin, increases as the
tension increases, and at last becomes as great as the power
employed to separate them.

dth, Change of Temperature.—It has been observed that the
tourmaline showed electrical exciterent while in the act of
heating or coohing, whereas 1t is perfectly free from electricity
while remaining at the samne temperature. It always possesses
two poles opposite in their excitement; by heating, these dia-
sluy a certain polarity, which in cooling is reversed. The

evelopment of the electricity seems to result more imme-
diately from the expansion and contraction caused by change
of temperature, T‘m topaz, boracite, and several other mine-
rals, have the same property.

117. The production of electricity by heat coustitutes a
separate branch of the subject: namely, Thermo-Electricity.
Cgemicul actions are also sources ol electricity, but the con-
sideration of these belongs more to Current Electricity than
to the present head. The sources above given are such as
yield the intense and Stationary excitement whose charac~
teristics we Liave hitherto been engaged in describing.
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118. Galvaniam was the name first griven to the eleetricity
produced in constant currents, feeble i intensity, und great
m quantity; but it 18 now agreed that the discoveries of
Volta (and not of Galvan) were what really constituted the
foundation of this acience; it 1s therefore entitled Voltuiam,
or Voltaie Electrniaity.

119. The original experiment of Galvam that excited atten-
tion upon this subject, consisted m convulang the legs of a
frogr, by making a civcle with two metals, and the leg between
them. Thus, 1n the
tigure, EFD) are the
legs of a frog, Z 1x a
rod of zinc connected
withthe nervewhich
ramities in the legws,
and C ared of cop-
per touching the rod
of xinc at une end
and the muscles of the two legs at the other. The circle is thus
composed of four parts—zine, copper, musele, nerve.  When
the circle is completed by bringang the two rods into contact
at A, after their other ends have been properly connected
with the limbs, a convulsion takes place; the sudden contrac-
tion of the muscles throws the legs out into the position ff.
But the very same effect is produced by a discharge of common
electricity passed through the nerves and muscles of a limb:
hence Volta declared that, in the cuse of the two rods, a current
of electricity was generated; and he inferred from the cir-
cumstance that the contact of dissimilar metals was a source
of electricity ; and, working on this idea, he originated the
voltaic pile, which is a series of pairs of plates of dissimilar
metals, with a moist substance between each puir.  He as-
serted, further, that the bare contact of the metals in the ex-
citing cause of the electricity ! but this has been disputed and

ied ; and it is maintained in opposition, that a chemical
action of some sort is the origin of the electric current. The
Iatter supposition, if it does not explain everything, is at least
the most tenable of the two; and we shall therefore commence
:lz' ting the various chemical actions which lead to
production of currents.
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4120, If we plunge into nitric acid, one after the other, the
-of the two wires connected with a voltaic electrometer
(#0:be afterwards described), electrical excitement is made
rent. .The wire first immersed is seen to have positive
ectricity, and the other negative. If hoth were immersed
at the same instant, probably no electrical action would arise;
but the successive plunging causes the first to be oxidised,
while the other is as_yet untouched, and the difference of the
acid’s action on the more and less oxidised wires suffices
to give birth to an electric current. This may serve as an
example of the circumstances that determine whether a che-
mical action shall evolve electricity or not; it coincides,
moreover, with what has already been stated as to the neces-
sity of some inequality in the kind of materials used in order
to {ring forth an excitement. . )
121. When an acid combines with an alkali, the acid
acquires positive and the alkali negative electricity.
if a platinum capsule, containing a solution of caustic potash,
is put in connection with one wire of the electrometer, and if
a piece of platinum, connected with the other wire, is mois-
tened with nitric acid, and plunfed into the potash, thers
appears instantly the indication of a current, such as to show
that the capsule with the alkali is negative, and the slip of
platinum with the acid positive. Thus one of the most com-
mon of chemical actions is a distinet source of electricity.

122, But solution, apart from chemical combination, is a
source of electricity. If nitric acid is brought into contact
with muriatic (or hydrochloric) acid, there is no chemical com-
bination in the hi:-hest seuse, there is merely solution (as when
uleohol is mixed with water); yet a current arises, and the
nitrie acid is positive and the other negative. Phosphoric acid
is positive to all the other acids, as well as to alkaline solutions.
When acids are dissolved in water, they are positive and the
water negative; when alkalies are dissolved in water, they are
negative and the water poative: so that water is like an
alkali to acids, and like an acid to alkalies. The apparatus
for developing the current in these cases is the ule and
platina-slip already mentioned : the capsule contains the water,
and is connected with one pole of the voltaic electrometer ; the
acid or alkali, if solid, is held by a plati inoers ¢ ted
with the other pole, which is plunged into tKa water. If the
acid and alkali are liquid, a piece of spongy platinum is used,
and dipg;:‘l in the liquid, then plunged intu the water.

123, The case of what is calied double decompositions of
neutral salts, where two salts decompose one snother, and
exchange acids and alkalies, making two new salts, is remark-
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sble for giving rise to no current of electricity, provided the
quantities are exactly proportional, so as to leave no excess
of any element. There can be no doubt that electricity arises
in some of the stages of the operation of decomposing and
combining, since either of these actions separately always
yields excitement ; it must therefore happen that the electri-
cities evolved exactly neutralise each ather.

124. Since simple solution, as well as chernical unions, gives
rise 1o electricity, it is necessary to diseriminate in individual
eares which of the two has actunlly produced a given current.
This discrimination can be mude, on the ground that a che-
mical vnion always evolves heat, and raises the tempersture
of the mass; whereas dissolutions wenerally cause cold, sud
lower the temperature. A dehicate thermometer may therefora
indicate which of the two actions has happened.

125. In the action of acids und alkalies upon metals, thers
is apt to be & complication of effects. The sunple action of un
acid upon a metal is like that of an acid on un alkali; the acid
is positive, the metal negative. But when an acid dissolves
a metal, there is always the additional effect of the action of
the newly-formed substance upon the liquid which the metal
is immersed in; this may be of the same charucter as the
action on the metal, and may therefore strengthen the result-
ing current, or it may be opposite, and wn‘b‘an it. When
there are two metals employed in one circuit, if bhoth are acted
on, their effects will contradict each other; and the result
will be only the difference of the actiona: hence in the voltaic

ircait, which ¢ Iy ists of two metals and a lignid
between them, it is requisite, in order to produce the highest
effects, that the one should be scted on and the other not.
nd in generul, the great art in combiniug severnl chemical
actions to evolve electricity, is to make all the excitements
that occur agree with, and not oppose, each other.

126, If two different metals are plunged into the same
liquid, the one will probably be more attacked than the other;
hence the one most attacked will be negative, and the ligui

itive, which will render the other metal positive likewise,
n spite of its own tendency to become negative. Now, ss
the metals differ very much ‘in the quality of bemg acted on
by acids—eome, such as zinc, tin, um? lead, being very npidl?
and powerfully combined, and others, like brluinum, gold,
and silver, resist chemical action-—it is desirable to choose two
metals from, the opposite extremes. Thus zinc is chosen for
the negstive metal, and platinum for the positive, in order to
yield the greatest amount of action. Copper, although far
inferior in resisting power to the precious metals, is yet greatly
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superior to zine, and its cheapness causes it to be much used
for the positive element of circuits. Thus, in the figure, let
= represent a plate of zinc immersed in a liquor capable of
acting on it, and ¢ a plate of copper; the
liquid will combine with the zinc, and
give it a negative electricity, and be itself
lmsitive; the copper will also be acted on,
but more feebly : and hence, instead of
being negative, it will receive a positive
excitement from the intervening liguid,
i and act as a conductor to carry round the
positive current. When the plates have no
connection outside of the liquid, each is
attacked according to the degree that it
vield to the agency of the liquid; but when the circle is
completed by the wire i joining the unimmersed ends of the
lates, the zine is more attacked than before, and the copper
ens attacked.  The carrying round of the electric currents
causes this effect.

VOLTAIC CIRCLES AND BATTERIES,

127. If a disk of copper and one of zine are tuken, and a
wet cloth ‘mt between them, electricity will be produced—
the zinc will B¢ negative, and the copper positive: if a wire
is brought from the zinc to the copper, an electrical curreat
will be established ; the positive electricity flowing from the
zinc through the moist cloth to the copper, and along the
wire to the zine again; and negative electricity flowing in the
opposite way, or from the zinc round the wire to the copper,
and from the copper through the cloth to the zine. The
apparatus is in principle the same as that fizured in the pre-
ceding article.  Such a combination of zine, wetted cloth,
and copper, makes a couple, or single circle of Volta, The
cloth is moistened with water containing a small quantity of
acid or salt,

128. The pile of Volta is an aggregation of these simple
circles, so ordered that the same currents flow in the same
direction in them all.  Thus to build up the pile, let an
upright stand be furmed with glass or woogen s ending in
s bottom: place on the bottom a disk of zinc z, then a wet
cloth, then a disk of copper ¢; upon the copper lay another
series of minc, cloth, uur copper, and so on !K:P any number,
the pile terminating in a disk of copper above, as in a disk of
zing below. The zinc end will be negative, and the copper end
positive; and if & wire is passed from the zinc to the copper,
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the circle is said to be closed. Ita action then rises to the
highest pitch, and currents of the two electricities circulate
around. The lowest zinc, itself negative, renders the moist
cloth above it positive, wlich tranamits a
positive current to the copper; the copper
passes this to the next zine, which truns-
mits it by conduction, along with what atself

erates, to the second cloth; the double
orce is passed to the second copper, and by
it to the third zine, which the copper touches ;
the third zine communicates 1t to the third
cloth, increased by ats own uction on the
moisture of the cloth, and thus a threefold
charge 1s carried to the third copper, aud so
on, On the other hand, 8 negative current
of equal steength circulates  downwards,
augmented at each step 1 the same manner; for the lowest
zine plate, while oviginating a positive charge proceeding to
the copper above 1t, sends a negative churge the other way
that is, by the conducting wire that goes from it to the apper-
most copper, which transmits at threugh the wet cloth 1o the
uppermost zine, where another of the same is produced and
sent downwards.  Thus a double negative charge in passing
down through the cloth second from the top to the second
zing, there to be reinforced, and sent to the l‘lird, and s0 on.
The surface of contact of u plate of zinc and a film of liquid,
is always understood to be producing the two electricities, and
sending one off in une direction, and the other in the uppasite |
just as at the contact of the cylinder and cushion in the elec-
trical machine.

120. By such a pile the various electrical effects can be
visibly produced.  When the wires attached to the two ends
are brought together, a spark may be seen. A shock is felt
by passing the current through the body, which is done by
hol iug a wire in each hand. Heat is also produced at the
ends of the wires where they touch.  But to make the effects
decided, a very large pile must be formed, extending perhaps
to a hundred pairs or circles, cach disk being the size of a
crown-piece.

130. The peculiarity of the excitement of the voltaic pile,
and of voltaic currents generally, is their feeble intensity.
This is the point of contrast between Volusic and Tension
Electricity. When a metallic surface, such as the coating of
8 Leyden jar, is electrified by the machine, the separation of
she two kinds is carried very high, so that their tendency to

come together is intense and violent. The standing accu-

ke nl
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mulation at the two ends of a single polarised particle is
greater in machine-electricity than in any other kind. If
we take a particle of copper in the plate of a voltaic circuit,
and a particle of tinfoil in the coating of & Leyden ’[’Lar, the
second is immensely more charged than the first. e dis-
tinguishing character of the voltaic electricity is qwmtgg
A large amount of excitement of a feeble kind is generated,
and passed round the circle. Instead of highly charging the.
superficial particles of a metallic surface, it charges the entire
soﬁfi mans with a low intensity, perpetually renewed as it is
taken off. If the current is resisted by insulation, the action
does not go on heightening the tension of the charge, but
stops altogether. When this difference in the mechanical
character of the electricities of friction and contact is allowed
for, they can be proved to be identical in their nature and
effects.

131. The intensity of voltaic electricity is greatest when
the pile is made up of a very great number of small plates.
Supposing an equal amount of surface of copper and zine
employed, the shock, and other indications of a strong charge,
would be greater if it were cut up into many small circles,
than if it formued a few large ones,  But the actual quantity
of the excitement would be greatest with the large plates,
We shall afterwards see that chemical and magnetic effects
are the mensures of quantity independently of intensity. The
two qualities may be compared to heat of different temperatures.
A tu\»ful of water at 100 degrecs has a greater quantity of
heat than’a cupful at 200 degrees; but the latter is the
more intense of the two. The cause of the greater intensity
in the long Eile of many plates, is the resistance offered by
the length of bad conductors through which it passes; but from
the intrinsic feebleness of the exciting action, this resistance
diminishes the quantity that could be evolved. The presence
of the exciternent already produced is always a bar to the
evolution of new excitement. If the exciting force be of a
certain power, it will go on raising the tension till the latter
has become a0 strong as to equal the force; at this point the
action must cease, or the opposed electricities will be com-
bined as fast as they are formed, if they are formed at all.

132. As the pieces of cloth between the zinc and copper of
Volta’s circles are of no use but to contain the acting sub-
stance, they may be dispensed with, and the plates inserted
in & vessel containing the proper kind of liquid. Volta, accord-
ingly, made an arrangement that he called the “ couronne des
tasses” {thmn of cupe); which consists of & row of cupe
or jars with u:idﬁud water, and each containing a

B
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eo! of plates. Thuslet A, B, ), E be fonr jars half-filled
with liquid. Into the tirst is placed a zinc plate Z, and a
copper plate C; if these were connected, a current would
anise, as was formerly .o
described. But instead
of connecting these, let a |
wire pass from Cto Z, a !
zinc plate in the aecond
jar, which contains alsoa !
plate of copper cunnected !
with the zinc of the third
jar; and in like manner
the copper of the third is connected with the zine of the
fourth ; the copper of the fourth would connect with the zinc
of a fifth; and so on.  Let & wire W proceed from the copper
at one end, and come into contact with a wire from the zine
at the other; the circle ix closed, and the action circulates.
From 7. to C in the tirst jar A, there passes through the liquid
@ positive current, whic]{ is carried by the conducting wire to
the second Z, and at Z's contact with the liquid joine a second
charge, and both pass on to C, exactly as we described in the
pile.  In the opposte direction a nrgative current will pro-
ceed, reinforced, hike the other, at every plate of zine.

133. A more compact apparatus on the same principle is that
called the Trough Battery. A trough of purcelain TT is divided

e ow
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by partitions into separate compartments or cells, each cell
being intended to answer the purpose of one of the jars, or
contain a pair of ﬁzhta. The plates are suspended in a piece
of wood A B, at the proper distances, and connected with one
another by metallic alips. The battery of the Royal Institu-
tion, made under the direction of Sir Hnmphzzbnvy, and
wsed by bim for his celebrated discoveries of the compound

4
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nature of the alkalies and earths, was of this form ; it consisted
of 2000 double plates, and its acting surface amounted to
128,000 square inches.

184, Another kind of trough is formed by making the par-

—

titions themselves the acting plates. A plate of copper and a
plate of zinc are soldered together, and each compound plate
nl:nkes a partition wall, the liquor being contained between
them.

135. Dr Wollaston effected an improvement on the galvanic
trouprh battery by making the copper plates double, so that
each enclosed a zine plate, and faced it on both its sides. The
Action on the zinc is very much increased by thus enlarging
the copper; for it is found that the energy of the circle
depends not only on the metal attacked, but on the conducting
metal. The greater the conducting surface, and the nearer
it is to the zinc, the more intense and rapid is the combination
of the liquid with the zinc. In the circles made up of a single
plate of zine and & single plate of copper, the zinc is acted
on only on the side facing the copper; but by Wollaston’s
arrangement, both sides are made to produce currents. The
oase in exactly analogous to single-surface electricity, where
the charge taken in is entirely dependent on the capacity
of surrounding surfaces to receive an opposite cha:ga by
induction, In so far as zinc is acted on by mere ordinary
chemical action, the size and distance of the capper plates are
of no moment: but the increase of action arsing from the
current in a closed cirele, is in propertion to the quality and
size of the metallic plate that serves as the conductor.

136. All the batteries above described have one especial
imperfection among many others; which is, that from the
moment they are set in action, their strength constan
decreases. At the end of an hour, or two hours, their power
almost reduced to nothing. This is owing to the reaction on
the plates of the products of the chemieal combinations, It
is therefors a great object to construct constant batteries (ss
“well as to arrange the elements 50 as to prevent the rise of
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conflicting currents), and otherwise to heighten and econamise
the force of the battery. But the nature of the schemes which
have been adopted for these ende cannot be understood with-
out attending more closely than we have yet done to what
goes on in the voltaic circuit.

137. Let us consder again & single copper and zine pair
immersed in a liquid: umf let the hquid in the tirst place be
pure water. Let - and c be the two plates,
and suppose a row of water particles to he
between them. Each water particle is a
compound of a particle of oxygrn and a
particle of hydroren: and it s shnost cer-
tain that the following process is wone
through when the conducting wire w §
arches the two plates, and closes the ar-
euit. A particle of water (1)1s attracted to §
the zinc by its oxygen constituent; the B8
affinity of the zinc for oxygen surpasses — —SeicaifHE
the affinity of hydrogen for oxywen, and the effect of this is
to decompose the particle, and furm a particle of oxide of
zinc, und leave a particle of hydrogen, producing at the same
time a certain amount of free electricity ; the oxide of zine
having a negative charge and the hydrogen a positive charge,
The negative charge of the oxide of zine passes on through
the metal plate z, the positively charged hydrogen is attracted
to the oxygen of the next particle of water, and its electric
state adds to ita natursl attraction for this atom of oxygen,
and accordingly it overpowers the existing attraction that
keepe the two clements together, combines with the oxygen,
and sets free the bydrogen of No. 2. But this decompountion
evolves a new charge of electnicity, the water particle being

sitive and the hydrogen negative. A third particle of water
is decomposed in the same way, and a fourth; and so on till
the plate of copper is reached.  The last particle of freed
hydrogen encountering it cun decompose no further; it com-
Tuunicates its excitement by coutact to ¢, and rises up to the
surface, and is dissipated in the air; so that the conduction
thmugiz the water is effected only through a series of decom-
positions and combinations, showing the mode whereby liquid
particles receive and transmit polanity. The influence evolved
st the zinc is necessarily weakened by having to operute so
many actions; and it is found that the greater the distance
between the two phtuio:m wenker the currentis. Even if
nothing were absolutely lost at the transmigration of each water

icle, there would be a delay, from time being necessary to
sll motions, even the quickest ; and delay would be resistance,
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138, It is found that a circle charged with pure water, such
as the above, is very wenk, aud soon ceases; but if a small
quantity of sulphuric acid is added, ita energy is renewed and
quickened. The oxide of zinc formed on the plute stands
between the water nnd the pure metal, and the actien is
thereby arrested ; but the sulphuric acid combines with and
dissolves this oxide, and exposes a clean surfuce for the fur-
ther action of the water. But the combination of the sulphuric
acid with the oxide of zince is tself a source of electricity of
the same kind as the water action—that is, 1t makes the zine
negative and the hquid positive ; this 18, therefore, an addition
to the force. But an unfortunate drawback belongs to the
acid action.  The dissolved sulphate, by being made positive,
has an attraction for the copper xJ.lnw; for this Klme, while
receiving u positive excitement from the zinc through the
liguid, 18 returning or radmting forth A negative current
through the zine, thus presenting an attraction for all posi-
tive elements us well as for the hydrogen.  The sulphate of
zine is therefore drawn towards it; and as it cannot go off in
air bubbles like the hydrogen particles, it sticks and deposits
a conting on the plate, which mars its conducting power; so
that what was good in the beginning is i the end an evil.

130. Another source of weakness occurs in the contact of
the hydrogen with the copper.  The attraction of these two
elements is essential to the maintenance of the current; but
the same attraction thut brings the hydrogen close keeps it
there, and constitutes a resistance to the succeedinye portions.
It would be well that the hydrogen could be got rd of the
mowment it touches the copper, mstend of adherng and stag-
nating, and occupying the ground which other particles are
pressing forward to seize.  Now it is found that the addition
of nitric acid to the sulphuric acid and water, serves to absorb
the free hydrogen, and 1 this way rmves an accession to the
strength of the current.  But the addition of any new ingre-
dient leads tu u new series of actions, both from’ ita chemical
agency and from ats contact with the other elements of the
solution ; these new actions being sometimes with and some-
times aguinst the general current. By using sulphate of
copper alone, in addition to the water, the hydrogen may be
absorbed ; the sulphate will be turned into sulphuric acid, and
copper, which the hydrogen displaces, deposited on the copper
ﬁ:a, thus maintaining & clean and ever-renewed copper sur-

. The hydrogen, when not absorbed in such a as
this, is very apt to act upon the compound of zinc di::%d
in the liquid, and reduce it upon the copper plate, making
a second sinc surfuce, whereby the action must soon come o
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A stand altogether; for two identical plates can vield no
excitement.

140. 1n the forming of conatant batteries there are two im-
provements which huve been of especinl value. The tirst is the
amalgamation of the zine, or the coating of 1t with mercury,
thereby presenting a combination of zine and mereury instead
of pure zinc. Tins is found to diminish to an extraordinary
deyrree the waste of the zine, or to produce an equal amount
of electricity by & wuch smaller concamption o? the acting
metal. 1t 18 not well understond in what way the mereury
contributes to thia eflect.  We have a paralle] to it in the
rubber of the electrical machime, which 1 an amalram of zine
and tin, and far surpasses an effect any other material that
could be used ; but 1 neither cace is it clearly known what
action goes on.  The only supposition that has been made as
to the way in which the wercury saves the nane in the voltme
circle, is that it takes away local currenta <that is, the naked
gine plate is concerved to rrudm-v currents wlich come round
to itself instead of proceeding 1o the copper, and thus detract
from und centradict the general effect,

141. The second ygrreat amprovement in hatteries is the use
of diapkragms, or porous and permeable purtitions betwesn
the zine and copper.  These are mtended to prevent the dis-
solved zine from passing to the copper plate, to be precipitated
or reduced there. The partinon must, however, allow a free
contact of the hquide on each side of 1t otherwiae 1t would
arrest the action altopether. Many hinds of waterial have
been tried as diaphragms, 1t bemye somewhat difticult to tind
» substance which will allow the hquds on ench sude to be
contact within its pores, and at the saine 1ime keep the one
from passing through to nux with the other; bendes having
other virtues, such as not to become closed up by the precipi-
tation of the ealts, not to contain bud conducting material,
and not to produce currents from the action on their own
ingredients.  Bladder, tanned leather, pastebourd, cloth, thin
slices of wond, cluy, porcelain, &e. have been used, and each
has its disadvantages.

142. The Constant Battery, introduced by Professor Daniel,
is constituted as follows :—Each cell or separate circle is of
the form of a cylinder, whose conatruction will be understood
by the tigure, which is a section down the middle: abed is
d{a outer cylinder made of copper; it is open at the top, but
closed at the bottom, except that there is an aperture « f, which
rectives a cork containing the end ¢ of a glass syphon tube

Aijk. On the top 25, a copper collar Imar rests upon two
L)ri.wnul arms am, do. Between this collar and eork
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neck 8t the bottom, a cylindrical disphragm is stretched
made of ox-gullet, and forming an internal cavity connected
at the bottom with the syphon outside. In this cavity there is
u , placed a rod of amalgamated zinc pg,

suspended from 73, a piece of wood
. lying over the rim of the diaphragm.
* Into the same inner cavity of the
diaphragm is poured acidulated
water, which surrounds and acts on
the zinc ; around the diaphragm, in
the outer cavity, there is contained
o solution of sulphate of copper.
The action of the cell is this: the
acidulated water acts on the zinc
rod, and excites electricity, at the
same time dissolving the zinc, and
forming a salt of zinc within the
diaphragm ; this, from its being

: heavier than the other liquid, sinks
to the bottom, and passes into the syphon, and is carried
off if new liquor be added from above to give a sufficient
pressure.  In this way the product of the action on the zinc
1 got quit of. The voltaic current is freely allowed to

ass through the membrane to the outer cell, and deposit
{;ydmg‘en on the copper cyhinder; which hydrogen, acting
on the sulphate of copper, is absorbed by it, and displaces
metallic copper, which 1s deposited on the cylinder, the sul-
phate beingr converted into sulphuric acid. A coating of its
own substance i» thus continually forming upon the copper
oylinder, keeping it alwuys fresh and new. To renew the
waste of the sulphate of copper, u few solid crystals are sus-
pended in connection with the liquor of the outer cell, which
are dissolved as they are required. A battery formed of such
cells is found to malntain its strength without diminution for
many hours ; it also prevents many of the sources of waste of
power that were present in former batteries. The power of
the battery ia found to increase with the temperature; but to
work it at a high heat, a porcelain diaphragm must be substi~
tuted for the ox-gullet. In subsequent batteries the syphon
was disused.

148. A rod of zinc, in a cylinder of copper, is the best form
for producing the greatest possible action on the zinc; the
latter is confronted all round with a surface of copper, and is
therefore acted on equally on every side. A rod and cylindsr
conld be cuq;uaedonly’by:bcﬂ in & hollow sphere, which

would not be 30 convenient.
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YOLTAIC CIRCLES AND BATTERIPS. L.

144. Batteries have been formed by circles whera the
copper and rzinc were rolled up in a -Kiml, thus affording a
large surface in & smali solid bulk. It has already been men-
tioned, that in order to get the electricity in greatest possible
quantity, circles of large surfuce are chosen,

145. Grove's Battery is of the sume general construction ax
Daniell's; but instead of copper, platinum 15 employed,
which, being of all metals the least oxidisable, makex the
best conducting plate for a circle.  Zine and platinum form
the most pmvvr}ul couple that ean be used.  Accordingly
Grove makes the outer cylinder of the circle of platinum, and
the diaphragm or intermedinte cxlinder of poreelan, which
contains the amalgamated zane rod. The outer cavity between
the platinum and porcelain eylinder 1w tilled with mtric seid,
and the inner cavity around the zine with dilute sulphuric
acid. A very powerful current is generated by this areanpe-
ment; and although of an expensive coustruction, from the
empk-ymvm of platinum, it has come into general use.  The
action is of the sume nature as in Damell’s circle. The zine
is oxidised and the oxide dissolved in the sulphuric arid;
sulphate of rinc beine thrown down, but contined by the par-
tition within the nner circle.  The positive current passes
from the inner to the outer liguid, and hydrogen s evolved at
the platinum, and taken u #:v the mtrie acud. There is no
metallic deposit of any kin(r; but both hquids ure changed by
their actions, and require to be renewed from time to time.

146. The principles which determine the quantity of elec-
tricity evolved 1n a circle or battery have Lwn reduced to

recise mathematical theoremns by Professor Ohm. The fol-
owing are the general stateraents on which the theorems ure
founded :—

1st, The quantity of the current depends on the tension or
strength of the electricity, and on the goodness of the con-
ductors, or the alsence of resistance to its passage.

2d, The strength and quantity of the current depend, in
the timst place, on the material used in the circle: the grreater
the affinity of the acting plate for oxygen, and the less the
affinity of the conducting plate for oxygen, the greater the
action. In the second place, the result increases with the
size of the plates, particus’uly the conducting plate; it is of
no use to increase the zinc sarface if the copper or platinum
surface remain the same.

84, The resistance in the circle is, first, that of the fluid con-
ductors in the cells; and second, that of the solid conductors, or
the wires that close the circuit. The smaller these resistances
the more powerful the current,
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4th, The resistance of the fluid is in proportion to the thick-
ness of the layer between the plates. By placing the plates
very near, the enclosed liquid is so much thinner, and less
resistinge,

Gth, The resistance in passing through the wires is as their
length, and as their thinness. The shorter and thicker a wire
is the more easily does the current traverse it.

6th, The tension or strength of the electricity increases with
the number of the plates.  If the plates are few and large, the
quantity that could be produced is very great; but it there
be much resistunce, it is completely checked.  Hence if the
cirenit is closed with bad (',mu}ucturs, or it the wires are long
and thin, a battery of many plates is necessary; but if the
cirenit 18 closed by good conductors, and the resistance in
every way small, a few plates will maintain the current, and
produce 1t an considerable quantity.

147. The conducting powers of the metals themselves are
very unequal, snplmsmg them made into wires of equal sizes.
The following tuble expresses the comparative powers of
reveral of themn : -

Silver, . . . 136 Platinum, 22
Gold, . . AT X) Iron, 17
Copper, . . . 100 l Mereary, 26

Zine, . . . LR

Thus a copper wire of 100 feet offers the same resistance as
a silver wire of 136 feet, or an ron wire of 17, all of equal
thickness. Hence in cousidering the resistance offered by
the solid parts f the circuit, the material that it is com-
posed of must be attended to,

148. In like manner, there are great differences in the con-
ducting powers of hquids.  Ihstilled water is very weak com-
pared with saline solutions, ulkalies, and acids ; but the best
of liquid conductors are very feeble compared with the metals.

EFFECTS OF YOLTAIC ELECTRICITY.

149. The voltaic current may produce Heat, Light, Chemical
D position, and Mechanical Power, as well as actions on
the Animal Frame.

150. The production of Acat takes place when the current
is resisted, but not entirely checked. Thus if the circuit ba
closed by a bad conductor, and the tension high enough never-
theless to force s current through, the resisting portion is
intensely heated. It is a general rule, that when electricity
is interruptod, it passes into heat. Thus if a powerful pile s
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clowed by & thin wire, the latter is very soon turned red-hot
and melted away. lf,gold leaf 1s made a part of the cireuit, it
ia quickly heated and volatilised.  Platinum, which cannot be
melted by the heat of ordinary furnaces, vields to the voltaie
pile. Iron and steel wire are melted and burned with the
emission of brilliant sparks.  Thus electricity is one of the
means of producing very high degrees of heat.  In this action
upon bad conductors we have one of the links which associate
electricity and heat: a simple mechanical circumstance suffices
to convert the one into the other.  The relative conduetibali-
ties of metals und other bodies can be experunentally deter-
ined by observing their rise of temperature when a current
is transmitted : that which becomes hottest is set down as
the worst conductor when other circumstances ure alike,

151, The fuaion of all the metals, as well as of wany of
their mineral compounds, cun be effected by passing powerful
currents through them when they are attenuated nto leaves
or fine wire.

152. Leght can also be produced by the voltaic circuit,
sometimes of very great bnllinney.  The ciremnstance of ity
appearance ix the same a< in machine dectrcity ; namely, s
disruptive discharge through s buad conductor.  Of course
when budies are lughly heated they become luminous, as a
mere consequence otrﬂw heat.  The metals, when made red-
hot, or burned by electresty, have exactly the sane luminous
appearance as thev always huve when subjected to the same
heating action. The mstant that a cireuit is closed by bringing
the wires together, n «xpark in seen at the joining ; andaf, after
contact, the ends of the wires are kept at a hirtle distance, a
constant stream of sparks passes between them.  But the

test brilhancy of {xgm is caused by muking the wires end
1n pieces of charcosl, and bringing the points of the charcoal
together. A dazrlng epark is now produced ; und if the pile
be powerful, a brilliant stream may pass from one point to
another, while they are held a lm{v way apart. In the
course of the action, the chargoal points are worn away; a
stream of particles constantly flows from the one to the other;
and the Lght issues from these particles, as the white light
of a gas flame comes from the particles of carbon which are
thrown out into the flame, and remain there red-hot for an
instant before being burned. When sparks are passed hetween
metallic wires or balls, it is found that the surfaces are
scathed, as if their outer particles were torn off and sent in »
shower through the blank interval between the two, The
disruptive discharye is slways productive of mechanical vio-
lence and heat, both on the surfaces of the conductors and on
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the substance of the intervening dielectric, and this may be
the primary cause of the spark.

168. The chemical action of the pile in decomposing com-
pound substances is the most important of all its effects, and
18 such as to render it a great chemical agency. The electric
circuit is & medium whereby the power evolved when two
bodies combine can be carried to a distance and made to sepa-
rate a combination, or reduce a compound to its elements.
This power was discovered in the beginning of the present
century by Carlisle and Nicholson. The first substance de-
composed was water, which had been previously shown to be
o compound, by producing it from oxvgen and hydrogen
burned together.  The inverse process of reducing the water
toits separate wrases had not been effected before.  If the two
wires of a buttery are immersed in water at a little distance
from one another, bubbles of gas appear at each. The gases
may be collected by ¢luss bells (adapted o the collection of
gases) being placed over each wire.  The wires are formed of
platinum, which has no athnity for either gas; if they were
of iron, the oxygen would combine with the point of the wire
on which itis evolved, and form an oxide. The quantity evolved
will increase as the wires are brought nearer; and it is in-
creased still further by substituting metalhic leavesa or thin
strips for the wires. Oxygen alwuys rises at the positive wire,
or the wire from the zinc; and hydrogen at the negative,
or the wire coming from the copper or platinum end of the
battery. The bulk of the hydrogen produced is twice that of
the oxygen, which is in accordance with the proportions which
combine together to produce water.

154. The action which takes place in the water by a current
of electricity passing through it, is a series of decompositions
and combinntions exactly like that described as occurring
between the copper and zinc in the cell. The positive wire
attracts u particle of water by its negative atom, the oxygm,
and with a force that overpuwers its attraction for the hydro-
gen atom, which is set frev wish a high negative charge ; by
this charge the hydrogen acts on the next oxygen atom, and
draws it away fromn its hydrogen, making a new particle of
water, The hydrogen, now set free, goes to & third water

icle, and decomposes it: and so on till the other wire is
reached, which, being highly positive, the hydrogen ulti-
mately comes upon it, and 1s carried off, so that
decomposition passes all through, the gases are set free
at the wires. {:e , then, we have the electricity given
by the combination of sinc with oxygen in the cell, passed
u{mgud expended in overcoming the affinity of the two
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elements of water for each other. In this case we may say
that electricity and cheniieal afinity are one and the same
thing ; the electricity is, in fact, nothing else than chemical
affinity set free and conducted round a circle in a current, to
act as such in another place. The remarkable thing is, that
the chemical polarity is transmissible through metallic con-
ductors, as well a3 through compound substances, where it
acts strictly in its own character.

165. When Sir Humphry Davy had constructed the Royal
Institution's large battery of 2000 piates, he apphed it to the
decomposition of bodies, and discovered thut the ulkalies, such
as potash and soda, resolved themselves mte oxygen and a
metal. The eartha (lime, for example) were similarly decom-

The discoveries of Davy have been extenmvely fol-
owed up, and the conditions of electnical decomposition aeen-
rately ascertained. It 15 not all compounds that can b
decomposed by the voltaic battery.

156. The term clectrolyns is applied to decomposition by
electricity ; analyses being the term used by chemists for ordi-
nary decomposition. Bodies which cun be decomposed by the
current are called Electrolytes.

1st, The first principle of electrolysis is, that the compound
must be in a figwid state.  Solids are not decomposable,  lee,
for example, resists the most powerful currents.  Hence if a
solid body is insoluble, it must be melted, and in that state
held between the poles of the battery.

dﬂ;ié The second principle is, that the elements always take
a definite direction.  The oxygen goes uniformly to the posi-
tive pole, and hydrogen or a metal to the negative. Upon
this tendency substances are classed and set down as posi-
tive or negative in charscter, according to the pole to which

go. Thus oxygen being attracted to the positive pole, is
ned an electro-negative substance ; hydrogen and metals
electro-positive. When a salt is decomposed, the acid goes to
the positive pole, the base to the negative. If sulphate of
copper, for example, were taken, sulphuric acid would sppear
at the positive pole, proving itself to be electro-negative like

In the third place, the chemica! actions are equal to one
another; the combination which originates the electricity is
exactly equal to the decomposition that it can cause. A cer-
tain amount of zinc, oxidised and dissolved, will vield an equi-
valent amount of 'Zeeompumg foree; or should, if the con~

were decompose exactly the same quantity of
oxide of minc. When substances are combined in
chamical union, there is generally an evolution of hess or
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electricity, as if less of these was required in the compound
than s contained in the substances in their separate state,
Accordingly, when a compound is decomposed, 'whatever was
given out at the time of its formation is taken back again; so
that while combinations give forth certain influences, decom-
position absorbs these, And in the voltaic circuit, it 18 found
that the decomposition between the wires is exactly measured
by the amount of material consumed in the cells, according to
the scale of atomic proportions. It is precisely analogous to
the case of what is termed the double decomposition of salts.
4th, None but snn‘rh' compounds can be decomposed. Com-

plex compounds, such us sulphuric acid, mitric acid, peroxides,
and perchlorides, are not decomposable by the current.  Pro-
toxides and protochlonides, or the combinations of metals
with the lowest proportion of oxygen and chlorine, represent
the decomposable substances. Chlorine, like oxygen, is an
electro-negative element: when it has been combined with
hydrogen (hydrochloric acid), or with a metal, it 15 evolved
at the pusitive wire of the circuit.  The elements of hydro-
chloric acid are sometimes used to designate the two consti-
tuents of an electrolyte: the atoms that pass to the positive

pole are called the chlorous molecules; the others, which pass
to the negative pole, are called the Aydrous molecules.

Oth, The affinities of the most opposite substances are the
most lmble to be overcome by the electrical current. Thus
oxygen and the metals are reckoned intensely opposite in
their character, and by virtue of this opposition, their chemical
affinity (which is regulated on the principles of polarity,
where opposites attract) s intense; and the action of elec-
tricity in counteracting this affinity is also decided. Chloride
of sulphur, which i» & compound of elements not much
opposed to each other, is not decomposed by electricity.

57. The shock of the voltaic pile differs from the discharge
of & Leyden jur; the electricity of the pile being of feeble in-
_tensity, it does not give the blow received from the jar, The
greatest shock is derived from the pile of many plates. 1f,
after moistening the hands in salt water, to heighten the
conducting power of the skin, we grasp the two wires, one in
each hand, a shock is felt at the first contact, and then a
heating current up the arms, and a tingling sensation in the
hands. A shock is also felt at the separation, srising from
the sudden return of the polarised fibres of the arms to their
naturel atate. 1f the tongue is placed between two wires, or
between a piece of zinc and a piece of silver which touch ege
another, s Em taste is felt. Whena cumtqnu in any
way through the eyes, a flash of light is scen. When strong
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voltaic batteries are discharged through the bodies of animals
recently dead, their limbs and features are convulsed and
made alive in a hideous way. Experiments have been made
on executed criminals, which showed that electricity could
some degree act the part of the nervous currents in moving
the bodily organs. By stimulating the nerves of the lungs, &
Inborious breathing was recommenced ; by passing currents
through the nerves of the face, the features moved and
stretched themselves out wto horrible grimaces: when one
wire was connected with the hip and another with the heel,
the leg, if bent, threw itself out with great force. In the
same way the tist could be closed or the hand opened by
touching the proper nerves with one wire and the ponta of
the finyrers with the other.  These results are only extensions
of the original experiments of Galvam.

APPLICATIONS OF THE VOLTAIC CURRENT.

168, The first pr;uNirul amvlil‘:ﬂluh of voltae electricity to
the arts, was the protection of the copper bottoms of ships
from the destructive action of the sea water. Sir Humphry
Davy suggested that nails or wires of zine should be tustened
at intervals on the copper plates, which would cause a cirenit
to be formed of copper, zine, and salt water.  In this cune the
copper would cease to be ucted on by the water, und would
serve as a conducting plate ta the 7ine, wlhich would be the
substance wasted. Thus a smull expenditure of wne would
come in place of a great expenditure of copper. A piece of
zine, equal to the head of a small nwl, was found suthcient to
protect between forty und fifty square inches of l‘(?up«l‘. The
value of the application was, however, neutralised by u conse
quence which had not been foreseen.  The A:rou'ctml copper
bottom rapidly acquired a coating uf sea-weecds and shell-fish,
whose friction on the water became a serious resistance to the
motion of the vessel, and it was discovered that the bitter
poisonous taste of the copper surfuce, when oxidised, acted
in preventing the adbesion of hving objects.  The principle,
however, has been applied with success to protect the iron
Ppans used in evaporating sea water. o

150. The greatest application of the voltsic circuit is the
RBlectrotype ; or the process of multiplying impressions of
medals, coins, engraved plates, busts, &c. which was devely
about the same time by gl. Jacobt of 8t Petersburg and Mr

of Liverpool. It is founded on what takes place in
the circle of Daniell, where a solution of sulphate of copper is
in contact with the copper plate, and deposits on it smetallic
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copper.  If the original plate were of a certain form, the de
posited plate would exactly fit it; and if the latter could be
taken off whole, 1ts surface would be exactly the reverse of the
former. 1f the one were a coin in relief, the other would be a
coin with a hollow impression. As the copper is deposited in
a shower of the finest particles, it must completely enter all
the depressions and lines of the plate, and form a surface so
faithfully exact in its cm-rcspom};nco, that no human percep-
tion could discern 8 difference.  The requisites of the process
are, that the thing to be copied shall have a metallic surface,
80 that it may become the conducting plate of a circle—that
something be done to prevent the coating from adhen’nr too
strongly to the original—and that the deposition should be
so conducted that the deposited plate may have a close
metallic texture,

160. The first discoverers confined themselves to the copy-
ing of metallic surfaces, such as copper plates and coins; but
a method has been found of copying plaster of Paris, wax,
wood, or any non-conducting substance, by covering the sur-
face with black lead —a form of charcoal, which answers the
purpose of a conducting plate.

161. The apparatus for copyving a medal or coin consists of
a cylindrical vessel, contaiming in it another cylinder of
porous porcelain to serve as a diaphragm, Thus
A is the outer cylinder; H is the diaphragm,
which contains the zinc plate 7 immersed in
acidulated water.  The outer space is filled with
sulphate of copper, and in it hangs the original
medal M, connected by an arching wire W with
the zinc, and making a voltaic circle. The medal
is covered over with wax or grease behind, and
on the edges, or wherever the copper is not to be
deposited. To prevent inseparable adhesion, the
face is covered with a shiht varnish. The action
of the circle then precipitates copper on the
naked surface of the medal, and goes on adding
to it as long as may be desired. If the action is slow, the
coating is 20 much the harder. To make a good impression
of tolerable thickness, one or two days are allowed. If the
hollow impression thus derived is put into the circle, and
itaelf coated, & surface will be produced in relief, which will
be & perfect fac-simile of the original coin. To save the double
provess of making first a hollow and then a relief, & cast of
the original may be taken in wax or plaster of Paris, or other
fusible material; this cast will then receive a surface of black
lead, or of flne copper bronse, which can be laid on with a
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brush. It is now s conductor, and may be inserted in the
cirale to receive a deposit, which will exactly resemble the
original object.

162, To make gold or silver medals, solutiona of salts of
these metals must be substituted for the sulphate of copper.
The surface deposited on requires also to be proviously coated
with gold or silver. The difficulty of the process 1s much
frew:r with the precious metals. It requires a more power-

ul current to precipitate them. For silver, the solution may
be nitrate, sulphate, or acetate ; for gold, a very strung nitro-
muriatic solution (chloride of pold) 18 requisite,

163. For copying engraved copper plates a larger apparatus
is used : the circuit is completed with copper and zine, hke a
Daniell's circle, and the deposition is made i a vessel apart,
in the manner that decompositions are effected. Thus the ves-
sl D D contains a cylin- -
derof copper, whose place
is marked by the waved
lines E E; within this
there is a porous cylin-
der 00O for a diu-
pbragm, and within 1t &
zinc cylinder ZZ, nearly
filling the porous cylin- |
der, but not touching it.

usual charge of "’
liquids is applied without
and within the porous partition, On the copper cylinder there
rests 8 perforated cover 83 for holding crystals of sulplate of
copper, to keep the solution beneath in o state of saturation.
Thus are supplied all the purts of a single circle. In & vensel
a AB, lies the plate to be coated b, connected by a wire with
zinc cylinder of the circle.  Another plate ¢, of oxidisable
matal, faces it at a little distance, and both are immersed in
the solution which is to furiush the metallic precipitate. The
connecting wires proceeding from the plates in the circle are
fastened tight to the wires from & and ¢, by screws X and Y,
to make the conduction as good as possible,  When the circle
is closed, electricity is generated in the cyliuder, and passed
%o the plates in the depositing vessel. The liquid between
these plates is decomposed, oxygen is evolved at ¢ the
tive pole, aud metal on & the positive pole. The plate b bz;
pared in the above described in reference to medals,
by coating the back and edges with wax, t0 limit the deposi-
tion, and by varnishing the face to prevent sdhesion, & re-
verse copy of its surface is procured. If the original engraved
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plate is employed, the plate formed from it when put into the
apparatus, will be covered with a second plate identical with
the original ; or if a cast is first taken, an identical copy may
be procured by one deposition. It is possible, by regulating
the circle, to obtain a deposited plate superior to the engraved
plate in the quality of the impressions which it gives when
printed from.

164. The improvement thus effected in the art of engraving
is very great.  When a copper I)Irlte is engraved, and impres-
sions printed off from it, only the tirst few, called “ proof im-

ressions,” possess the tineness of the engraver's delineation.
The plate rapidly wears and becomes deteriorated. But by
the voltaic process, the original plate can at once be multiplied
into a great many plates as good a8 itself, and an unlimited
number of the tinest impressions procured,

165, Another form of applying voltaic electricity to the
plastic arts, is the voltuic etching. The ordinary process of
etching consists 1 covering a copper plate with a coating
of wax, and by a wraving-tool cutting out the sketch in the
wax down to the bare copper. The portions intended to be
m relief are left covered, and those to be hollowed out are
Jmd bare.  The plate 1s then anmersed in acid, which eats
awny the exposed surfuce to some depth, but is prevented
from ncting on what s covered with wax. The wax is then
dissolved nway, and there remains a sketch in relief of the
engraver's design. But by the new process, the plate, after
being waxed and sketebed, is immersed in the depositing
vessel of the circuit, and is coated with copper wherever the
wax hus been ent away; and in thhs manner a relief surface
is given correxponding to the figure that was formed in the
wax. This is the opposite of the acid action, which makes
the hollows where l‘w plate 18 Jaid bare; and therefore, in
eugraving the surfuce, an opposite course has to be pursued.
The wax must be cut where relief is wanted, and left where
the hollows onght to be.

160, A still further extension of the art of voltaic engraving
has been proposed by Kobell of Munich, by which pictures
drawu in Indian ink may be multiplied. A copper plate, sil-
vered over, is used for drawing on. The colour is spread over
the silver surface in such a way that the brightest lights are
naked silver, and the paint is laid on according to the depth of
the shadow, the strongest shadows having the thickest coat-
ing. The plate is then covered over with a wash of finely-
pulverised black-lead, and put into the depositing cell, and a
copper plate formed upon it. This plate will be in relief

where the lights of the painting are, and hollowed in propor-
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tion to the depths of the shadows. If it ia now printed from
in the manner of an engraved copper plate, it will yield im.
pressions similar to an Indian ink drawinge.

1687. Gulding and plating are now performed very success.
fully by voltaic deposition.  Any metallic surface can be
gilded, or silver-plated, to whutever thichness muay be desipred.
A platinum surfuce can also be commumeated.  In this way
the precious metals can have their usefuluess very much
extended. Plants may, in hhe manner, be coated over with
copper, and have their forms preserved for any length of
time, So baskets and wickerwork can have a metalhe surface
commuricated to them.

ELECTRO-MAGNETISM.

164. Tt had long been observed that electricity was capable
of producing magnetc efiects, The needles of ships’ com-
passes, when struch with hohtuing, alwaye underwent a
change in their mngnetic character: on some occasions their
poles have been reversed, what was the north before becoming
the south.  Disturbances of needles have nlso been cauned by
shocks from Leyden batteries. It was thus generally sup-
I:wd that an ntimate counection of some tmd submisted

tween electricity and muguetism, The discovery of the
real nature of this connection was nade 1 In20 by Professor
QOersted of (‘openhagen.

169, If 8 magnetic needle is held along the conducting
wire of 8 voltaic circle in action, it is made to deviate © it 3t
is suspended along amd abore the wire, 3t instantly turns
about and hangs directly across it: if 1t next hung along
and beneath the wire, it wili deviste and he across, but the
emds will Le the reverse of the formier cuse-- the end that went
to one side of the wire is now on the other side 1 if the needle
is hung along the wire at one aide, or in the same horizontal
plane, it dips; one end falhng beneath the level of the con.
ducting wire, the other rising above it: if carried to the
other nide of the wire (without heinf; reversed), it dips in the
same way, but the pole that was down is now up. Thus it
appears that a voitaic current has the power of acting on &
needle; but that this power lies not in the direction of the
wire, but cross it. Itisasif a etic rowct encompassed
or circulated round the channel where cectrici'z flows; or
as if a particle, in receiving and transmitting electrical
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larity, acquired also a pair of magnetic poles and a mag-
muc tayx’il, 1ying directlypacross the “electric axis. Thus let

there be two adjoining particles of conducting wire, and suj
pose that the passage of the

» r . N -
- SE electricity lies through them
e ,\ ,/ I ™. and that, in trmamgting ity
e .. \n ¢l _ ' \a1 a is positive, b negative, an
i ) \ | / ¢ positive, and d negative;
. 7 ot then drawing a cross axis pp',

j e

o the points p and p’ are mag-

netic poles; or rather if &
crosa circle were described, the whole circumference would be
magnetic; a current of magnetic attraction would go round
it, 80 long as a current of electrical polarities went alon,
from one to the other. Thus while the line of chemic:
attraction lies one way, the line of magnetic attraction is
transverse to it. In chemical decompositions, the separated
elements pass in the direction of the current, the attractions
and repulsions which it produeces on them are in its own
course ; but the attractions aud repulsions that it exerts on
magnetic bars is across or nruum{ its course. Under this
singular and unexpected condition an electric current is a
magnetic force. The voltaic circuit is a revolving magnet.

170. We have stated that if a needle be hung along the side
of & voltaic wire, nnd level with it, one end will be depressed
and the other elevated. If the needle has its ends reversed,
while it is kept on the same side of the wire, the same pole
will be down, although puinting along the wire in the oppo-
aite direction. But if the voltaic current is reversed mean-
while, by fastening to the copper the end of the wire that
came from the zine, the dip of the needle is reversed, the
raised pole is now depressed.  Ro that the new magnetic force
has a genuine polar character: a south pole circulates round
the wire one way, and a north pole the opposite way, with
the same current; but the reversing of the current makes a
reversal of the magmetic circulation.

171. The connection between positive and negative currents,
and north and south poles, is somewhat puzeling to remember,
It must, in the first place, be borne in mind, that the north
pole of & needle is that which points to the north pole of the
earth: this designation, although erroneous, and inst the
laws of magmetic attraction, still continues to be used. Let AB
be a portion of a conducting wire, A being the aegative ar zine
end, and B the positive or copper end. Then a current of

itive eleetricity is flowing from A to B, or from right o
snd & current of negative electricity from left to right.
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1€ now the needle is held along and above the wire, its north
pole will go away from the observer in the direction of the
arrow at d: if it is held below the wire, in taking ita cross
position the north pole will point
to the observer in the direction of
the arrow f. When held alon
the wire on the same level, and
between it and the observer, the
north pole is elevated, as is pointed
out at ¢; on the other side of the
wire, the north pole is depressed, :
as shown by the direction of the :

arrows at . Thus while a positive current of electricity flows
from right to left, the north pole of a needle i» carried round
in the direction that we would turn a handle with the right
hand ; and cousequently a current of south magnetism flows
in that direction. Or we may say that if a positive current
passes before the breast from rmght to left, the head would
represent the north pole of the attracted needle, und the feet
the south pole.

. 172, If the wire of an electric circuit is thus a magnet, it
ought to show attractions und repulsions for other electric
wires. This actually takes place. l]f the wires of two circuits
are laid alongside u?each other, and are free o move, they
are mutually repelled if the direction of the current is the
same in both, and sttracted if the currenta are contrary; se
that without the mediation of a steel magnet, the forces cir-
culating round the wires are sble to show themselves.

173. Nothing but a current of electricity can produce mag-
netic power: the charee of a Leyden battery, however in-
tense, has no effect. But during the discharge, which makes
a current to flow, the magnetistu may become apparent.  For
magnetic purposes the tntennty of a current avails nothing,
i ity being o ted with stagmation or resistance ; the
efiect depends solely on the guantity. Hence batteries made
a of very large circles are \u«z in electro-magnetism.

emical and magnetic power are both in proportion to the

ity of the excit t, without regard to its tenaion, or

t virtue whereby it could strike a blow or force its way
through resistance.

174, An apparatus has been contrived to exhibit in action
the revolving power of the magnetismu of the electric current.
It may be so arranged that a magnet shall revolve round &
wire ; or, on the other hand, that a wire shall revolve about a
magnet. The figure rey the method of producing both
offects. M is & glass cup containing mercury, through whose

¥
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bottom rises a wire from a the conductor of a circle. To the
bottom of the cup is attached by a thread a magnetic rod 4,
which floats in the mercury, and is long enough to rise above
the surface. Another wire, C ¢ d, coming through the pillar C
from the other end of the
circle, di‘ra into the mer-
cury, and a metallic com-
munication is thus formed
between it and the wire
entering at the bottom of
the cup. A current of elec-
tricity now passes along the
wires and through the mer-
cury. The upper end of the
magnet b is within the range
of the force circulating
2___ .z around d, and, being free to
“=- move, it actually revolves
about the wire »o long as the current continues. By the
arrangement in the other half of the figure, the wire revolves
round the magmet. N is a glass cup of mercury, and F
a magnet fixed to the bottom, and projecting above the sur-
face. The wire from r enters the bottom of the cup and
touches the mercury.  The wire d is bung from a hook, and
its end dips into the mercury, which forms a metallic or con-
ducting connection between it and the bottom wire. The
circuit being closed, the magnetic action commences; the
current of force circulating around the wire encounters F the
pole of the niagnet ; there is a mutual action, but F, being
fixed, the movement takes place on the wire, which describes
a circle in the mercury around F.  Both actions may go on
from one current, circulating along a be Cd r, and the revolu-
tions will be in the same direction’; for although the current
that passes up one wire passes down the other, and reverses
the magnetic circulation, this is exactly met by the magmet
moving in one case and the wire in the other. If the same
current passed up both wires, the revolutions in this arrange-
ment would be opposite.
175. A magnet has been made to revolve about itself by
ing an electrical current t.hro:gh it, to the middle, and no
F::t“h If the current were passed from end to end, 1t would
urge the one end to revolve one way and the other in an
ite way, and no effect would arise ; but by confining it
to one-half, the rotation is produced. This may be done by
immersing it up to the middle in mercury, and passing -~
tricity into it at the upper end. The current on
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the bar to the surface of the mercury passes off there with-
out entering the immersed half.

176. The electro-magnetic force acts upon soft unmag-
netised iron on the same principle as the ordinary magmet.
Indeed its power is best developed by being inductively com-
municated to soft iron bars, which are magnets so long as
they are under its influence. An iron bur, made magnetic in
this way by an electric current, becomes an electro-magnet,
and by 1t we can produce every effect of the common magnet.

177. A needle of soft iron, laid across a conducting wire,
lies in the wire’s magnetic direction, and is magnetised by
induction. But the action of a single straight wire upon
an iron rod would be very feeble. If, however, we bend the
wire round the red, and coil it again and again, we increase
the amount of the magnetic circles which act on the iron.
Instead of an inch of wire communicating its influence, we
may have the inductive force of many feet, and u very power-
ful magnetism will be imparted. It is by coiled wirex, there-
fore, that electro-magnets are formed. A spiral col is techni-
cally called a kelur. Such a form possesses all the powers
and properties of a magmetic bar when the electric current
passes through it. It attracts and repels other magnets, com-
municates tvmrorary magnetism to soft iron by induction,
and permanently magnetises steel,

178. A striking effect of the attraction of a magnetic bar
by a helix is shown in the figure, which represents a coil end-

p ing in two httle cups P
r3 and p, where the commu-
_J" nications are made with
*" the poles of the battery;

4 small portion of nercury
is ‘ivouml into each cup,
and the battery wires are
dipped in the mercury,
which thus forms a very perfect m»tal{i)c junction, 1f a mag-
net SN is laid in the coil, and the circle completed, the action
is such that the magnet starts up and suspends itself in air
in the centre of the hollow, and hangs there so long as the
electricity cir e opposing actions of the different
ends and sides of the wire so neutralise each other, that it
is not deawn either out or in, or nearer to one side than to
another; and its only position of rest is a near(l{v central
‘station : its own weight necessarily adds to the downward
tendency, and keeps it a little below the axis of the spiral.

179. Tn communicating temporary magnetism 10 & soft

iron bar, with the view of forming the electro-maguet, we
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may choose either a straight bar or a horse-shoe : the latter
is represented in the figure:—The wire a from one pole of
the circuit, is coiled round and round the iron many times,
and goes off at & to join the other pole.
If the positive current pass in at a, @ will
be the north pole of the magnet, and b the
south, according to the rule already laid
down. To make a powerful magnet, the
copper wire should be thick, and covered
with silk, to prevent the electricity from
- pussing sideways from one coil to another,

or to the iron bar. A lifter is attached

for the suspension of weights. An
electro-magnet may be made of far greater power than an
ordinary magnet of the sate size. A horse-shoe, whose arms
are eighteen inches long, and two inches thick, may be made
to sustain 1000 lbs, if a strong current is passed through it.

180, To determine which is the north and which the south

le of an electro-magnet, we can revert to the action already
R:scnlwd of a straight wire on a needle.  If a wire lies before
us across our breast, and if a positive current passes from
right to left, a needle’s north pole is made to describe & right-
handed circle—that is, the south pole of the wire's m usm
goes round in the circle in which the right hand would move
a winch. If, therefore, a soft rod lies up and down on the
other side of the wire from us, its lower end will be south and
its upper end north, these being the poles of the wire's re-
volving action. If the wire is now coiled round it while it
stands upright, the effect will continue the same, so long as

itive electricity passes from right to left along the coil
tween our breast and the bar. Suppose we clasp our arms
round a tree, and that a positive current circulates from the
right hand along the right arm across the breast to the left;
in this case the top of the tree would represent the north pole
and the root the south.

58!. If & steel naedla;::dbn; 18 laid in lthe inside of a helix,
and a strong current pa along, it will acquire a permanent
m v.itmn.g The he]l:x which answers bcsﬁor this purpose is
a ahort thick coil, formed by first winding the wire into one
m, and then laying upon it a second layer, and then a

ird, and so on till a great thickness is reached. A power-
ful current is sent through it, and the bar inserted and moved
onoe forward ite whole Lw, then backward till its middle
is in the osotre of the coil; the current is then stopped, and
the bar taken out perfectly magnetised.

182. Thus the electro-magnetic power is in all respects
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identical with the loadstone and the earth’s magnetism; only
it cam be raised to a much higher degree of intensity than
ordinary magmetism. By using a strong battery of Grove's
construction, a mechanical force can be develoilmd which is
perfectly enormous. There is scarcely any limit to the
power which may thus be created. The wire in contact with
the iron mav, by successive coilings layer above layer, be
extended to hundreds of feet; and if the battery is powerful
enough to send the current through the entire length, the
Toagnetism is increased in proportion to the quantity of the
wire accumulated round it.

188. The electro-magnetic action has been applied to form
an electrometer of s very delicate kind, which is essential in
experimenting with voltsic currents and electricity of weak
tension. It is the proper voltaic electrometer or galvanometer.
If a magmetic needle S N is
suspended within several A==
bendings of conducting o
wire ABCDE, and hung %= =
parallel with the wires, the
setting on of the current will make it deviate and lie across ;
it will thus be a visible mark of the passage of electricity.
It will be turned aside by nearly four times the force that
would be exerted by a single wire; hence the apparatus has
been called a multiplier. But instead of two circles of coil,
tifty or a hundred may be made, forming a helix with an
oval section, and within this the needle is hung. When the
instrument is used, it is placed so that the direction of the
belix is in the magnetic meridian; hence the needle will,
under the earth’s attraction slone, lie exactly alongside of
the wires. When the current is set on, a deviation will take
place; but the needle will not be carried so far as to lie
directly across, unless the current be as strong as completely
1o overcome its polarity to the earth, and its own inertia and
the resi of the i With a weak current, the
deviation may be very trifling, but a8 the current increases in
strength, it becomes greater; hence the angle described is »
measure of the power of the charge sent through the wire.

164. An improvement has been made upon the instrument,
which gets rid of the action of the earth’s magnetism, and
conssquently leaves the needle more free to move aside under
the influence of the electrified heliz. Instead of one needle

ing within, two needles are used, one within and the
other & the oval coil ; the upper one having its poles lying
reverse to the lower, as in the igure. N 8 is the inner needle,
& N’ the outer; being on different sides of the set of wires,
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they would deviate in opposite ways if their poles were in the
same direction ; but the veversal of the poles causes different
sides of the current to move them both in one direction. The
two may therefore be
fixed on one axis of
suspension, and they
will act under the in-
fluence of current as a
single needle. But the
earth’s magnetism will
of course affect each of them : since, however, they lie in o]

site directions, it will tend to draw N’ one way, and $’, which
is on the same end, the other way ; and the two attractions
will neutralise each other, so that no movement will arise
from the operation of the earth’s magnetism, if the needles
have exactly the same degree of polarity. It is unnecessary
with this instrument to attend to a meridian position; and
the deviation will be much greater from any given current
than with the single needle: consequently the indications
will be more delicate. By this instrument very feeble currents
can be made apparent,

185, For measuring the force of powerful currents, it is not
necessary to coil the wire or to use a silk thread for suspend-
ing the needle. A single coil placed in the magnetic meri-
dian, and enclosing a needle on a point, will serve to measure
the strength of such currents.  The stronger the current, the
more will it overpower the tendency of the needle to point to
the north, and hence the angle of deviation from the direction
of the coil or the magnetic meridian will correspond to the
strength of the circulating electricity.

i

ELFCTRO-MAGNETIC MACIHINES,

188, Many important practical applications have been made
of the voltaic magnetism. Of these the most prominent is the
Electrical Telegraph, invented by Professor Wheatatone, and
perfected by him and others, aud now in extensive operation
over the lines of railways.

187. The electrical telegraph depends on the power of an
electric current to cause the deviation of a magnetic needle,
and on the great distance that the power may be cunveyed,
In the experiments of Mr Wheatstone, it appesred that a
current could be transmitted through four hundred miles of
wire without being extinguished ; so that at the end of that
distance it could cause a aensible magnetic action.

188. The apparatus of the telegraph consists, in the finsy
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place, of a line of conducting wire suspended on poles, and
reaching from station to station. On the first introduction
of the telegraph, a pair of parallel wires was thought neces~
sary, in order to complete the voltaic circle; but it is now
found that the earth can make the returning part of the
circuit, and that it may therefore be formed by means of a
single wire. At each end, the wire is carried down to the
ground, and attached to a large plate of metal buried there;
and the current finds its way through the earth from one of
the metallic masses to the other. The wire is formed of iron
coated with zinc by a particular process, and receives the
name of galvanised iron wire : it rests oy the poles in carthen-
ware tubes, in order to insulate the pussing electricity.

180. The second essentiul of the telegraph is the battery.
The kind of battery which seems to answer best is the parti-
tioned trough, with a pair of copper and zinc plates in vach
cell. The cells are filled with dry sand, which is moistened
with dilute sulphuric acid when it is to be set in action.
This arrangement is found to yield a very coustant and
enduring voltaic current. The greater the distunce between
the stations, or the longer the circuit, the more powerful of
course must the battery be. The resistance to the current
necessarily increases with the length of the wire, and at a
certain distance it would be too feeble to produce a deviation
of the needle, or any other palpable movement.

100. The third necessary part of the telegraph circuit is the
needles. These are the indicators of the excitement, and the
instruments with which the signs are made. In order that the
current may deflect a needle forcibly, an oval coil is formed
on the principle of the galvanometer; and two needles ure
used, one within the coif‘nnd one without, as in the figure,
which gives a side view of the instrument, n being the nner
needle, and n’ the outer. g " J
As in the galvanometer, T o e
the needles are arranged
with their opposite poles
together, so that the earth’s magnetic action upon them is
neutralised; and from their being on different sides of the
coil, they are both moved in one way by the same current.
# is the needle that is visible, and it lies upon a dial-plate
dd, seen edgeways in the figure. The helix or coil makes
purt of the great circle; and when the battery is in operation,
and the circuit closed, the needle is moved across the coil, or
deflects from the wpright position which it occupies when
unexcited. If several needles are mounted on one circait, all
will be moved in the same way at the same instant.
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101, The fourth essential part of the machinery is an sppa-
ratus for making and breaking the metallic contact, or closing
and opening the circuit, and also for reversing the current, so
as to give an opposite deflection of the needle, and thus vary
the signal. This has been executed in several ways. The
external instrument is a handle that may be swayed to the
right or left, according to the deflection to be given to the
needle. The accompanying cut represents the Norwich Rail-

way @ tus,
| with_its meedles
and handles; a
separate wire and
circuit being ne-
cessary for each
needle. So few
as two meedles
have, however,
been found suffi-
cient to make all
the requisite
communications.
The needle to the
left is seen de-
flected one way,
*  and that in the
_. middle the oppo-
site way. An
agreement must
. be made as to the
% meanin; re-
sented g:y"eplch
deflection orcom~
bination of deflections. Thus in a double needle apparsatus,
each letter of the alphabet and each arbitrary sign must have
adifferent aspect ; and yet there are only four simple move-
ments which can be made—namely, a right and left deviation
of each needle ; the combinations of these movements wounld
gi’ e in all twelve distinct configurations of the needies. But
m:

[ e A TR - S
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repeating the vibrations, any number of different signals
ay be made—that is, each needle may be deflected on
twice, or thrice for the same siﬁml; a pause being allow
after the l:'ﬁ::l is completed, to distinguish between the suc-
ocessive defiections of one sign and the tramsition to_snother,
At the end of s word » rcrhcnlu- sign is made to show that
it has been completed. 1t is found possible to communicate at
the rate of fifty letters a minute,
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192. The apparatus for signalling may be very various,
and many u:qulnes have been proposed with the view of
qnickeninf the p of ication. Bain’s new system
consists of causing the electric circuit to make coloured spots
in a piece of paper soaked with sulphuric acid and prussiate of
potash ; employing the chemical instead of the mechanical
action of the voltaic circle to make the indications. The
moistened paper is wound in a metallic roller, which is kept
moving while the end of & metallic spring reats upon it ; the
n{pantus forming part of the great telegraph circle. While
the circle is broken, no effect is produced; but when it is
closed, the current passing through the wet paper cffects a
decomposition that al;)ows itself in a blue spot. At the other
end of the line an apparatus of a similar kind is placed ; but
the strip of paper is dry, and acts as an insulator. It hus
holes punched 1n it, which, in the course of the movement,
come under the spring, and allow it to touch the naked
roller, and make a perfect metallic contact, and thereby close
the circle. At the instant, therefore, a hole passes beneath
the spring at one end, a coloured spot appears beneath the
spring in the apparatus at the other end; so that the series of
holes are exactly represented in s series of blue spots. If,
therefore, aggregations of holes are chosen to represent letters
and signs, these can be faithfully repeated and read; and the
apparatus can be driven with fur yreater rapidity than the
needle system.
193, Xhhough the telegraph is by far the greatest applica-
tion of voltaic electricity andp electro-magnetism, it is not the
only application. Much ingmuit{ has been spent in con-
triving machines for bringing electricity into play as a
prime mover, like wind, water, steam, or gunpowder, The
mechanical force of an electro-magnet, as we have sesn, is
very great; and there seems no reason why it should not be
used as & source of power in moving machinery. Whether it
would be as cheap or cheaper than steam-power, must de-
d on many considerations. But at ull events it might be
d preferable to other prime movers in special cases and
circumstances. As yet, however, no effective method has
been contrived for bringing the power to bear upon machinery,
It has the peculiar character of being & very intense force
scting through short distances; and it is requisite that this
mode of gg:'on should be ct])l:;;rl:&l into a rotatory n‘:‘oﬁon, in
arder to be generally appli to movements. n a
ratus has to be form«{ wh':zh will do the same for the mlp;"n,;
attraction that Watt contrived for the expansive force of
steam, when he joined together a cylinder and piston, parallel
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motion, cross beam and crank, to convert the reciprocating
steam-pressure into a wheel movement. The magnetic force
is also a reciprocating force, but of very short range and
varying power; and some suitable apparatus must be inter-
posed to transmit its whole amount to the steady whirl of a
shaft or axis. "I'he machines hitherto contrived have not been
able to communicate the whole power of the magnets to the
rotatory apparatus, and th?' are therefore no fair criterion of
the mechanical force which may be obtained from the con-
sumption of zine and acids in a voltaic circle.

194. Mr Bain has succeeded in applying electricity to move
the pendulums and machinery of cloc{s. For the ball of the
pendulum he makes 8 hollow coil of copper wire, whose open-
ing or axis looks right and left, or in the direction which the
pendulum swings. Two magnets are tixed so as to point into
the opposite ends of the coil, and face each other. 1f a cur-
rent of electricity is sent through the coil, it becomes an
electro-magnet, and is attracted to the nearest magnet. Ac-
cordingly, means are provided for communicating at every
vibration a current to the pendulum, and for cutting it off
while it passes the middle line, and recommunicating it st the
other end of the sweep. A plate of zinc and a plate of cop
are buried, facing each other, in the earth at a depth of at
least nine feet, that there may be a constant supply of mois-
ture. The damp earth is thus the exciting element of the
circle, which has o permanent action. Wires are carried from
the plates, and pussed along the pendulum, to connect with
the coil which forms its ball.  About the middle of the pen-
dulum rod, an arrungement is made whereby the motion of
the pendulum closes, breaks, and recloses the current according
to tm place where 1t lies in its vibration. The attraction
of the magnets is thus made to sustain its motion and the
motion of the connected wheelwork. It may be regulated
to beat exact seconds like an ordinary pendulum.
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MAGNETO-ELECTRICITY.

105. Magmneto-electricity is the counterpart of electro-may-
netism : the one explains the production of magnetism by an
electric current ; the other shows how an electric current may
be produced from a magnet. This branch of the science was
created by Professor Faraday.

196. It an electric current and the magnetiam of a bar are
8o closely allied that the first can give rise to the second, it
was natural to expect that the second should be able to cuuse
the first ; or that a magnet might be so placed with reference
to a conducting wire, as to produce in it a current of electri-
city. The experiment may be tried n many ways. Thus
since & helix charged with a current can magnetise a bar
lying in it, let us take a bar magnet and put it into a coil
which has no connection with a voltaic cirenit, but whose
ends terminate in a ralvanometer, and which forms a completo
eircle of conducting wire. We have now an active musgnet
lying in an unactive helix; but no current is observed.

Ithough the aetive magnet is in the very place where an
unactive bar would be muguetised by an active wire, vet the
circumstances being reversed, the active magnet cannot induce
magnetic currents around the wire, 30 us to make eclectrie
currents run along it. Let us, however, seize hold of the
magnet, and instesd of its lving at rest in the hollow of
the coil, let it be moved backwards or forwards; a current
is immediately observed, the needle of the electrometer being
sensibly deflected. While we continue to move the magnet
in or out, the current is maintained ; when we let it rest, the
current ceases : so that an active magnet has the power of
ereating electric currents, if it is moved in the direction of its
length across a wire or assemblage of wires. The motion of
the bar is essential to the effect.  The necessity of motion is
owing to the character of the magnetism of a conducting
wire ; for this magnetism is not a reposing or statical wag-
netism, but a current or revolving magnetism ; and unless
the statical magnet is itself set in motion, it cannot be the
cause of & current magnetism. The electricity arsing from
this action is called Magneto-Electricity.

197. If an active wire, in counection with a circuit, lies
alongside of another wire that is inactive and connected with
a galvanometer, the current of the first has no influence in
raaking & current in the second while both wires are at
rest; but at the instant the current is arrested, and the instant
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that it is set on upon the first wire, a momentary current
appears on the second. While the current continues, there is
no action. Let, however, the wires be made to approach each
other, and a current ensues on the inactive wire; when the
wires are at a stand still it ceases. Or if they are drawn away
from each other, a current in like manner arises, but opposite
to the current during the approach: so that there are two
methods of passing & current from an active to an inactive
circle. We may either close or break the active circle, and
thereby create an instantaneous current; or we may move the
wires nearer or farther from each other, and during either
motion we have a current on the inactive circle; the approach
making it in one direction, the recession making it in the
(\)})gosiw direction. These effects are designated by the term
olta-Electric-Induction; and the currents Induction Currents.
108. The approximution or separation of the wires is exactly
similar to the moving of the magnet in the coil, or across a
wire. An active wire is a magnet, and if it is moved side-
ways towards another wire, the effect is the same us if a mag-
netic bar were moved endways. The side motion of the one
can do exactly what the longitudinal motion of the other can
do. In both cases mere proximity hus no- effect; but, by
movemment, each can excite a current in a dead circle.
199. Faraday was able to produce a permanent electric cur-
rent from a horse-shoe magnet by the following apparatus :—
e e A circular plate of
Rt Ul N\ copper C is made to
\ revolve upright on =
stand, umr a handle H
¢ is fixed on the axis.
j Two conducting wires

w and &’ arec
at one extremity with
the galvanometer g, by
3 being plunged in its
\M»m \ mercury cups. At their
=== other extremities one
of them, w, is connected with the axis of the copper plate;
the other, », is made to touch its edge between s and 3, the
les of the magnet A B, placed as represented in the figure.
he plate is whirled by means of the handle, and a current
of electricity is found to circulate round the wires ; the natare
of the current is reversed when the motion is reversed. The
inductive effect being the same whether a magnet is moved
a conduct d along a magnet, the action

ora

along
is produced here by the copper edge constantly running acress
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the direction of the iron. A current thus arises on the edge
and passes inward to the axis, and thence along the wire
to the electrometer, the opposite current taking the contrary
course. When the handle is revolved from right to left, the
positive current in the above apparatus has the direction of
the arrows. The end of a bar magnet, held near the edge of
the revolving copper, has the same effect as the horse-shoe.
200. The identity of electricity and magnetism was still
farther confirmed when Faraday discovered that w apark
could be drawn from the magnet. At the moment of mnl;ing
or breaking the magmnetic contact, or when the lifter either
completes the connection or breaks it, a spark is sent forth at
the junction ; or if the lifter is aurmum&ml with u helix, the
spark may be seen in the circle, by having at one part of it
two surfaces very near, but not in contact—as a fine point
almost touching a surface of mercury. The instant the lifteg
strikes the ends of the horse-shoe, or the instant it is drawf
away, a spark passes through the open interval of the ecircuit,
201. An induced current, either from a magnet or from an
active circle, produces a sengible shock, of the voltaie charne-
ter, but more severe. Its intensity is higher than the intensity
of the original current.  When the induction is of the tempo-
rary kind which accompanies the opening and closing of the
active circle, the shock 15 instantaneous : but by keeping up »
constant induced current by movement, a continuous ahock of
a very painful kind may be communicated.  Machines have
been constructed for producing the permanent induction,
called Magneto-Electric Machines; and in causing physiologi-
cal effects, or for acting on the human body, they are the most
efficacious of all electrical machines. Their principle in diffe-
rent from the revolving apparatus of Faraday above described.
They are contrived so that a lifter may repeatedly make and
break its contact with the magnet, and thus induce a succes-
sion of currents upon a circle of wire coiled many times round
it. The lifter is made as if for an electro-mognet--in other
words, it is wrapped round with a great many turns of wire;
but the coiling 18 made so that the ends of the magnet point
a8 it were into the hollow of the coil—that is, the lifter is not
simply a cross bar, hut has across its ends two cylinders,
facing the ends of the horse-shoe, and receiving the wire
coils. If the magnet is now rapidly revolved on an axis
rumning between its legs, the constant movement of approach
and retreat from the coiled lifter maintains a series of cur-
rents, and these are twice reversed at each revolution; for
ome kind of current arises when one pole approsches one end
of the lifter, and an opposite when this pole leaves it and the
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other gole np];roaches. This incessant reversal of the current
is probably the cause of the very peinful character of such
currents when transmitted through the arms. The wires of
the coil terminate in amall copper cylinders, which are held
one in each hand; and if the hands are previously moistened
with salt water, the shock will be experenced to the fullest
advantage. The more rapidly the magnet is whirled, the
more intense will be the action.

202. The machines first constructed made the magnet to
revolve as above described; but subsequently they were
formed so as to make the coiled lifter revolve, while the mag-
net remained fixed. The apparatus is so arranged that the
shock passes upon the circle through the body only when
the keeper faces the ends of the magnet; when the keeper
leaves the poles, the connection is broken, and remains broken
till half a revolution takes place, when the opposite current is
$nduced as a shock, and instantly stopped. Thus there is
given a succession of disjoined and contradictory shocks.

203. Chemical decorposition has been effected by magneto-
electricity ; but as this demands a copious quantity of the
current, 1t requires large magnets to make it apparent. The
machines are generally compound horse-shoe magnets of I
dimensions. 'The wire coiled on the cylindrical branches of
the keeper is very long, sometimes many hundred yards. For
chemicul decomposition an arrangement is adopted, called the
quantity arrangement, for securing a continuous current in
the same direction, as no decomposition arises when the elec-
tricity is continually interrupted and reversed; the one
polarity must necessarily counteract the other. Hence the
machines which give the most violent shocks are sometimes
totally ineflicacious in decomposing compounds,

204. As the enrth is a magnet, it ought to have the same
power as other magneta to induce eleetric currents. Faradsy
succeeded in proving this to be the case, by making the same
arrangements as were necessary for a portable bar. A con-
ducting circle is made to revolve across the direction of the
earth's magnetic pole, or at right angles to the dipﬁin needle,
and in this way it acquires an electric current, w iug can be
distinctly made evident by the galvanometer. Hence Faraday
inferred that voltaic currents must be frequently generated by
the accidental movements which take place on the earth. Thus
in high north latitudes, where the pole lies almost verti
down, a wheel revolving horizontally would be moving across
the magnetic direction, and would have a current induoed
upon it. 8o even running water in the polar regions would
experience voltaic excitement from the earth’s '
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205. It has been seen that an electric current, passing
through an inferior conductor, or in anyway interrupted
without being completely checked, gives furth heat. Rewist-
ance to its passage is the means of converting the polar ex-
citement into an increased temperature of the resisting mate-
rial. On this condition heat and electricity are reciprocal.
But although it has always been very ensy to produce heat
by an electric current, it was only in 1832 that the means
were found of producing an electric current by heat.  This
discovery, made by Professor Seebeck of Berlin, gave rise
to the science of Thermo- Electricity, which completed the
evidence of the reciprocity of the electrical and the other
effects. Volta had produced the excaitement by chemical
action, Professor Faradasy from the magnet, and now it is
derived from heat; its three greatest effects are thus found to
be in turn its causes.

200. When two metals whose susceptibility to heat is un-
equal are soldered together, and heated at the joning, an
electric current is evolved. Thus if ABCD
be a metallic circle, the one half, ABC
being bismuth, the other half copper, and
if a lamp be npyi:ied at A, one of the /N
joinings, it will heat both metals, and 1§
cause electric currents to flow round the
circle. A positive current will pass from
the bismuth to the copper, or round in
the direction A B C D, the negative taking
the opposite course. Thus when two subatances, differently
disposed in regard to the reception of heat, are heated together
at their point of contact, the discrepancy shows itself in the
two mehﬁ) polarising each other, and yielding electricity,

207. If we heat & wire which makes part of a circle attached
to the galvanometer, the heat will be conducted off right and
left dong the wire, a1 an equal rate, and no electricity will
urise. But if in anyway we cause the heat to pass round
more copiously to one side than to the other, a current will
be made apparent. Thus if we make a loop upon the wire,
and make it touch st the crossing, this will retard the paasage
of the heat to the side where the loop is, and thereby disen-
gage electricity or polarise the wire. Thus suppose the heat
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applied at & ; it will be conducted along the wire each way;
but at the loor d, part will go along d b, the proper direction,
and part will be communicated to de, which will make it
return again towards A, and, on the whole, impede the conduc-

tion on the way to 5. So that

b d the heat will travel at a greater
e rate round by a than round by
,.{ b, and it would appear that

when unequal currents of heat

encounter, they issue, not in a

v 4 simple increase of one another,

S~ but in a polar effect, or they
make an active voltaic circuit.
On the same principle, if one end of the wire is oxidised, it
will be made a worse conductor, and electricity will be mani-
fested. A crystallised body may sometimes produce a current
on the application of heut, owing to the fact, that the heat
passes more easily through one side than through another in
some crystals.

208. It is found that when hot water mixes with cold
water, electricity is produced; the hot liquor being negative
and the culd positive.  Other liquids show a similar action ;
but the kinds of excitement are not invariable: a hot aci
mixed with a cold scid maakes the first positive and the second
negative.  Hence it appears that the passage of heat must in

eneral cause electrical polarity ; only if two equal portions of
reat pass round in a circle and meet, they will neutralise each
other's effects, and no excitement will be apparent.

200. If, instead of bismuth and copper, bismuth and anti-
mony are soldered together, the effect will be greater, the dis-

arity of the metals geing' greater.  This last couple is what -
is usually adopted for a thermo-electric circle, being superior
to any other that could be chosen. The following table ex-
hibits the order of the principal metals in regard to thermo-
electric combinations :—

Blamuth Platinu Copper ] Zino
Mercury Lead Silver Iron
Nickel Tim Antimony.

The farther asunder two metals are in this table, the more
powerful is the couple formed by them. Bismuth and iron
would make the next best couple to bismuth and an .
Silver, gold, and zinc are nearly equal in the effects which
they would cause, if coupled with a metal from the other end
of the table. Each metal causes a positive current to pass
upon any metal beneath it, and & negative upon any metal
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above it. Thus if platinum and copper were soldered together,
a positive current would pass from the platinum to the copper,
and the negative from the copper to the platinum; or the
actual state of each would be—platinum negative, copper posi-
tive ; that is to say, if two plates were laid on each other, and
heated at the joining, the free side of the plutinum would be
negative, and the free side of the copper positive. Pousitive
electricity radiates from the joining through the copper 1nass,
ueg'anw electricity through the platinum mass.

210, Various mineral substances may enter into the thermo-
electric circle, such as plumbago, peroxide of manganese, per-
sulphuret of iron, and galena. Plumbago is pomtive o plati-
num, and stands pretty near the lower end of the table. The
per-sulphurets stand near to bismuth.

211. The order of the metals above given dues not corre-
spond with their goodness as conductors of heat. Bismuth,
indeed, and the metals near it, are the worst conductors of
heat; while some of the metals near the other end, such as

old, silver, and copper, are amony the best conductors.  But
there are very decided exceptions.  Platinum ranks with gold
and silver in conducting power, but it is fur removed from
them in the thermo-electric scries.  Ivon is inferior as a con-
ductor to all of these, and yet it is nearer the antimony thun
any of them. It cannot, therefore, be luid down as a rule
that the worst conductors of heat rank highest in the thermo-
electric series, or that a good and a bad conductor will wmake
an effective couple,

212, But if we classify metals according to their power of
radiuting heat, or of receiving it by radiation, we find a near
coincidence with the above order.” A metal does not radinte
heat from its surface in the same proportion that it passes
it through its substance; the proportion is more nearly an
inverse proportion. The worst radiaturs are at the top of the
table, and the best radistors at the bottom. Hence it uppears
that when heat is applied to the joining of two metals, and
when the one is slow ut receiving the imparted heat, while the
other receives it abundantly, the inequality thence arising is
the cuuse of the electricity. For the heat spphed to the cou’.l,le
being that from a lamp or a fire, it is communicated by
radiation ; and as bodies which radiate well, receive radiant
heat equally well, the best radiator will be moat heated, and
will be negative, and the other positive; so that in general
the side of the joining where most heat is reccived is the
pegative side, und through it the negative current passes
to the wire of the circuit.

213. A single circle, made of & bar of bismoth and ong of
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antimony, soldered together, makes a simple circuit or couple;
but any number of bars may be laid together, so as to s
compound thermo-electric circuit. If they are joined one to
the other in a long line, or in a circle, the heat will have to be
applied to every second joining. If the
first, third, tifth, and seventh joinui:ti'
are heated, while the second, fourtb,
sixth, and eighth are cooled, by bein,
laid in ice, the force of the current wi
be increased. Cold has the same power
of exciting electricity as heat, only the
current is reversed. The figure repre-
sents a compound circuit of four

of bismuth b, alternating with four
bars of antimony . Heat would have
to be communicated either to the four corners or to the
middles of the four sides. If the corners were heated and
the middles iced, the eflect would be thereby increased.

214. A series of bars of alternate bismuth and autimon
may be, as it were, folded together in a bundle, the first, third,
fifth, seventh, &c. joinings being at one end, and the second,
fourth, &c. at the other end ; the bars being kept from touch-
ing at their sides by an insulating substance. The last rod of
bismuth is connected with a wire, and forms the negative
pole; and the wire attached to the lust rod of antimony at the
other end will be the positive pole. The two ends of the
bundle are blackened to increase their absorption. If either
face is heated, a current will arise; if one is heated and the
other cooled, the current will be greater; if both are heated
alike, there will be no current.

215. Such a bundle of bismuth and antimony needles has
been constructed to serve as a thermometer for delicate experi-
ments on heat. Differences of temperature that are impercep-
tible b&:he mercury or alcohol thermometer, are found to
affect galvanometer of a thermo-electric pile. Radiant
heat especially can be detected with extraordinary accuracy
by exposing one end of the bundle to the heating rays.

216. The current circulating in the thermo-electric circle is
of weak intensity compared even with the voltaic pile, and
therefore it is not adapted for giving shocks, But t{:e nan-
tity which it yields may be very great, and it is capable of
d posing chemical comj Also, by using s buhdls
of thirty elements or pairs about an inch thick, and heati
one end by a bot iron placed near, and cooling the other wi
ice, the intensity of the current is sufficient to make a distines
gpark in daylight, when the circls is broken or closed.
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217. The discovery of thermo-electricity suggests an expla-
nation of the probable origin of the earth’s magnetism. The
sun's rays heating the earth in one place after another in his
daily circle, would cause an electric current to circulate round
the globe in an equatorial direction, or more strictly, in the
direction of his path. If we suppose him for o moment stand-
ing over any one place, it 1s obvious that the portion of the
earth to the east of that place is hotter than the westerly por-
tion ; because what he has been recently shining on must be
warmer than the ground he is only approaching to shine on
after a day’s absence.  But we have seen that, in the thermo-
electric circuit, negative electricity flows from the joining to
the hot side, and poaitive electricity to the cold Iidﬂ; there-
fore the motion of the sun from east to west will cause a posi-
tive current to move in the same direction, and a negative
current from west to east. But if we refer to the rule for
determining what would be the magnetic polarity of the earth
arising from such a current according to the laws of electro.
magnetism, we find that it would give to each hemisphere the
same kind of polarity us they actually have. If the daily
path of the sun were from west to cast, the earth's magnetism
would be the reverse of what it is: so that the sun’s heat
circulating round the globe will necessarily magnetise the
earth, e daily and yearly fluctuations of the necdle aln
tend to show the connection of terrestrial magnetism with the
sun’s motions. It may therefure be said that the sun is the
great source of all power on the earth. It gives wurmth,
supports vegetation, draws up the water to the clouds, origi-
nates the thunder and lightning, and produces mognetism
and all its consequences. The esrth’s own forces of pravita-
tion and cohesion, and its attractions in general, tend to
aggregate, solidify, and condense the whole of its substance
into a compact heap ot lifeless matter; the sun supphes the
oounteractives of these, und causes expansion, separation,
decomposition, and all the agencies which lead to the renewal
of movement and life.
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ANIMAL ELECTRICITY.

. 218. This branch of the science refers to the production of
electricity by living bodies, and gives an account of certain
animals that possess within their structure special organs for

nerating electric currents; it may also include what is
xnown of the effects of electricity on the animal system. The
former subject would be named Animalo-Electricity, if we
followed the analogy of the preceding names—Magneto-Elec-
tricity, Thqrmo-Ehectricity.

219. There is u flat tish found on the shores of the Medi-
terranean, and on the Atlantic coast of France, which has been
known from antiquity to give benumbing shocks to any one
who handles it. It 1a called the Torpedo. When dissected,
there are found in it two organs, or masses of honeycomb
structure (see tig.), one on each side of the hody at its broadest
part, or near the head. In an animal 18 inches long, 12 broad,

and 2 thick, each organ is about 5 inches long; the breadth is
3 inchee at the head, and at the other end half an inch ; being,
a8 it were, triangular, the narrow end pointing to the uﬁ.
They occupy the whole thickness of the tish from breast to
back,-as far as thryextend; they consist of a mass of roundish
columns, whose direction is from breast to back, or upright
when the fish lies flat. Fach of these columns seems to be
made up of a ion of distinguishable layers piled upon one
another, and rated by mucous partitions; hence it has been
supposed that the electricity is uced in the same manner
ain th:}ﬁle of Volta, or that the entire organ is an immense
bundle iles lying side by side, conspiring altogether to
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organ depends on the size of the fish ; in the one whase dimen-
sions are stated above, 470 were counted in each; but as many
as 1182 bave been seen in a very large specimen. The number
of lniem or dininfuish:bln partitions in a column an inch
long has been found to amount to 150, A very lurge suppl
of nerves is afforded to the organs; they ramify mto each
column, and are distributed to the partitions—every partition
receiving a nervous filament.

220. The back of the animal is positive, and the breast or
belly negative, and the currents pass through the body be-
tween the breast and back. On touching either side, o shock
is received ; but by seizing the animal,and holding it by both
sides, a much more intense shock is felt. In a second or two
after receiving one shock, the charge uccumulates, and dis-
charges itself again, and thus n succession of shocks may be
given, until the strength of the animal is exhausted, “The
electricity has to the fecling the same character as a discharge
of very small Leyden jars; the intenmity is small compared
with machine charges, but equal to that of a very numerous
voltaic pile. It is capable of magnetising iron, and of decom-
posing compounds ; Lut its quantity being small, these effects
are not pro'f:ced to any great extent. [ts use to the animsl
seems for defence against attacks, and as an offensive weapon
generally; instead of devouring and destroying by the teeth,
it launches its diminutive thunderbolts upon afl creatures
that approach it.

221. A second animal endowed with electrical organs is
that called the Giymaotus Electricus, or electrical eel, found in
various parts of America. It was seen in great numbers by
Humboldt in the swamps of the Orinoco in South America.
Its common length is about five feet, but it often vccurs much
larger. Its shocks are far more formidable than the discharges
of the torpedo ; men, and even horses, going into the water are
stunned, by its wuch, and are frequently drowned before they
have time to recover. The fullowing description by Hum-
boldt of the method adopted by the Ind for catching the

wnoti, completely illustrates their character and hubsts.

bring a troop of wild horses, and cause them to enter &
-mi:ly poul where they are contsined. “ The extruordinsry
noise caused by the horses’ hoofsa makes the fish issue from
she mud, and excites them to combat. These yellowish snd
livid eels, resembling large aquatic serpents, swim on the sur-
face of the water, and crowd under the bellies of the horses
and mules. A contest between knn‘m-h of ‘50 ;mt an
orgauisation, furnishes a very striking e. ians,
o hu-paomc:?long sknd.Pu:mda, surround the
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pool closely ; and some climb upon the trees, the branches of
which extend horizontally over the surface of the water. By
their wild cries, and the length of their reeds, they prevent
the horses from running away, and reaching the banks of the
pool. The eels, stunned by the noise, defend themselves by
the repeated discharge of their electrical batteries. During a
long time they seem to prove victorious. Several horses sink
beneath the violence of the invisible strokes which they receive
from all sides on organs the most essential to life, and, stunned
by the force and frequency of the shocks, disappear under the
water. Others, panting, with mane erect, and haggard eyes
expressing anguish, raise th lves, and endeavour to flee
from the storm by which they are overtaken. They are driven
back by the Indians into the middle of the water ; but asmall
number succeed in eluding the active vigilance of the fisher-
men. These regain the shore, stumbling at every step, and
stretch themselves on the sand, exhausted with fatigue, and
their limbs benumbed by the electric shocks of the gymnoti.
In less than five minutes two horses were drowned. The eel
being ahout tive feet long, and pressing itself against the belly
of the horses, makes a discharge along the whole extent of ite
electrical organ. The borses are drowned, from the impoasi-
bility of rising amid the prolonged struggle between the other
horses and the eels. By degrees the impetuosity of this un-

ual combat diminished, and the wearied gymnoti dispersed.
They require a long rest and abundant nourishment to repair
what they have lost of galvanic force. The mules and horses
appear less frightened ; their manes are no longer bristled,
and their eyes express less dread. The cymuoti approach
timidly the edge of the marsh, where they are taken by
means of small harpoons fastened to long cords. When
the cords are very dry, the Indians feel no shock in raisin
the fish into the air. In a few minutes our party obtain
five large eels, the greater number of which were but plightly
wounded.”

222, In the gymnotus the structure of the electrical organ
is not the same as in the torpedo. It occupies nearly four-
tifths of the length of the animal, and is formed of thin plates
I{ieng in the direction of its length (see tig.); so that one end of
the pile is at the tail and the other end near the head. Hence
its shocks are most powerful when it brings both head and
tail into contact with another animal. There are two pairs of
organa, snd their total bulk amounts to about one-third of the
whole body of the fish. Two rows of mu‘l‘lldlow spots are
seen running along the back from head to tail, and every spot
contains an opening which gives forth 8 mucous matter, which
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covers the akin, and .is found to be a remarkably good con-
ductor of electricity.

223. In the rivers of Africa—in the Senepal, the Niger, and
the Nile—is found a third species of electrical fish, culled the
Sélurus Eleotriens. 1t is about twenty inches long. It ix
caught and eaten by the Egvptiana,  Its clectrical orgrans lie
beneath the skin all round the animal, and are less compli-
cated than in the torpedo and gymnotus.  Various other elec-
trical fishes have been met with.

224. In all these animals the electrical apparatus is sn addi-
tion to the ordinary vital orgrans, and its action is quite inde-
pendent of them.” It is not involved in the operations of
digestion, circulation, or movement ; hut, like all other or-
gans, it 1 supplied with nerves from the brmin. It seema
to be under the control of the animal to about the same
degree as its moving apparatus.  Although the structure of
the orgran is somewhat similar to a voltaic arrangement, and
the shock the same as would be felt from a battery mude up
of several hundreds of asmall plutes in a weak solution, it
is not completely proved that it operates on the prineiple of

ile.
2&. Apart from the possession of special apparatus, the o
rations o;"the animal b,:)d'v are such m«; rvp ve flectrici(ypzl—
many ways. The chemical processes of digestion and respire-
tion—the constant passage of heat to and fro—the mechanical
movements—mnay all generate electricity.  The most common
esse of the appearance of excitement in the human subject, is
when the dm‘;a are stripped from the skin in a very dry air.
When silk stockings are taken off, they sometimes eause
erackling noise, accompanied with sparks, which may be dis-
tinctly seen in the dark. If the skin and clothes are perfectly
, this effect would probably be constant, as it is & mere

of the friction. In very dry climates, where the atmo-

is »o deficient in moisture as to keep all surfacesina

state, the observation is very familiar ; it is also observed

in rooms hested by stoves, which have the same

.
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226, Of the entire amount of electricity produced by the
interior processes of the human body, only & small portion can
appear in a free state on the surface; the greater part must
be d again or discharged in other operations. In as
far as the skin acquires a cgug‘e, its general character is
found to be positive; but the amount differs very much in
different individuals, and in the same individual at different
times. A development of positive electricity seems to be iden-
titied with the health, vigour, and freshness of the body; for
it diminishes, and is changed into negative, by great exertions
and fatigue, by lassitude and cold. A sudden fit of violent
exertion will in an instant convert the positive charge into a
negative one. We may therefore suppose that the operations
of nutrition are constantly generating positive electricity,
while exertion and the wasting operations generate nega-
tive; that the nourishing processes are like t’iie cells of the
voltaic pile, where, by the consumption and chemical trans-
formation of material, the excitement is produced; and the
wasting operations like the place of action in the cireuit,
where the excitement is expended in producing effects of heat,
decomposition, or moving power. Liebig has found that the
juices of the flesh or muscle are constantly acid, while the

ood in the arteries and veins circulating through the flesh
is alkaline. But an acid and slksli, wiLE % membrane be-
tween them, are capable of causing a current, the acid bein,

itive, and the alkali negative; so that the blood wou

rom this cause have a negative charge, and the tiesh u po-
sitive charge.

227. The effects of electricity on the animal system are as
yet very little understood. Flectric shocks have been applied
as remedies for discases, and have often been productive of
good. The chief disorder where they are found valuable is
the case of paralysed limbs. Ry passing a long inued
series of discharges through a torpid arm or leg, it has often
been restored to vigour. For this purpose the ordinary fric-
tion machine has been commonly employed ; but it is supposed
that the magneto-electric machine may prove a much more
powertul stimulant. Relief has been given also to patients
suffering from tic.

228, It may be surmised, that if the human body in ite
ordinary healthy state contains a surplus of positive electri-
city, and if the earth is in Fenenl negative, there is a pro-
pristy in keeping some i ting subst be the feet
and the naked ground. We may thus assign an additienat
reason for the disagreeable and wnheaithy effects of
foet; for besides cooling down the system, the moisture wi
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oonduct away the body's free electricity to the earth, and
with this a certain portion of the vigour of the frame. On
the same principle fogs, which are commonly negative, b
enveloping the person, must take away ita positive electri-
city; and their unpleasant action may in some measure be
owing to this cause. The sudden and frequent changes of
the state of the atmosphere before and during a thunder-
storm, are very distressing to many people. On the whole,
therefore, it may be safely aflirmed that human comfort is
affected to a very considerable degree by the electrical pheno-
mena of nature.

220. The actions of vegetable life are such as cannot fail
to be attended with the evolution of electricity. The great
range of chemical decompositions and vombinations which
go on during the growth of plants, is a sufficient caune of
an abundant electrical excitement. Observations and experi-
ments have shown that this actually occurs; there in s con-
stant circulation of electricity of feeble tension in living
vegetables. But although there is too little insulation or
resistance by bad conductors, to canse this electricity to
assume a high intensity, so as to give shocks or sparks, the
quantity of it may be very great, and it may contribute in
some essential ways to the maintenance of the organic life,
If we consider that electrical currents are the means of con-
veying chemical force from one place to another, wo may
easily imagine that this conveyance is sometimes necessary in
the growth of vegetables. A certain power evolved at the
roota in the earth, or at the leaves in the air, may be required
in other parts of the plant. The decomposition of the seed
may give birth to an electric cutrent which effects important
changes in the expanding germ. It has been found that by
eausing the seed to sasume an electric state opposite to what
it naturally s, its development is retarded or checked.
Hence, on the other hand, it is ,rfvcdﬁv credible that the
growth of plants may be very much quickened by commauni-
cating electricity to them by sriticial methods. Minute and
long-continued observation, however, is yet required to enable
us to state with sccuracy ‘the precise functions of electrical

¢ t in organi

ANIMAL MAGNETISM.

230. Besides the well-known effects on the human system
of electrical shocks, either from friction mschines, from voltaie

iles, or from m lectrical & a totally different
m‘oﬁnﬂmﬂfnmﬁmf been ssserted to arise
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from the action of magnets. This influence is said to be felt
most intensely by persons suffering under disease of the nerves,
and it is cnvl;nble of producing extraordinary states of bod
and mind. There is great difficulty in getting the exact tru
contained in observations about the human feelings, espe-
cially when men’s minds are excited by the sentiment of the
marvellous. But the knowledge now possessed on the whole
subject of electricity, coupled with some experiments of an
accurate kind Jately performed, enable us to make a few state-
ments on this subject which will not appear inconsistent with
the rigour of a scientitic work.

231. In the first place, it is an inevitable consequence of
Faraday’s discovery of magneto-electricity, that a magnet

inted to the back, the arm, the leg, or any other part of the

uman body containing a considerable nerve, and moved
along in the course of the nerve, must produce, by magneto-
electric induction, a current of electricity. The effect will be
nearly the very same as a weak current from the magneto-
electric machine. The influence of a magnet thus passed up
and down over the body will be a perceptible thing; there
will be imparted a current in one direction while it is moved
one way, and an opposite current when it is moved the other
way, aud all the effects will arise which are caused by electric
currents in the first place, and by the frequent reversing of
thein in the second place. Any one may contirm by thei
own experience the truth of this necessary inference from the
laws ot magnetic induction. In the generality of people a
very weak magnet may produce an indubitable sensation ; and
by using magnets of a higher power, the effect will be so
decided as mie felt by every one.

232. But it is now asserted by Baron Reichenbach (sand the
assertion is supported by experiments of a trustworthy charac-
ter), that m;?eu have on certain very nervous persous am
influence of » kind totally distinct from the above. The mag-
neto-electric induction is produced only so long as the magnet
is kept in motion, this being the essential condition of the
induction. If a person pretend to feel any action from a mag-
net while both he and it are at rest, it cannot be from an
electric current, or from the pro electric influence of the
magnet. But, according to Reichenbach, there are some in-
dividuals who see on » magnet in the dark aurora flames
streaming out from the poles and alang the edges of the bar,
It bas been proved that this light is a real existence, and not a
mere fancy of disessed nerves, by its acting an
plates like ordinary solar light ; so untntis inference i
mmmw&yhﬂmu,buwﬂndqmd ami-
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nosity so very feeble, that even in pitch dark it cannot affect

ordinary eyes,

288“{3 ides the lumi ph of & magnet, it has
been found able to act upon the system of sensitive patients in
various ways. The hand of the patient is said to follow 1t by
A mysterious attraction; and when the arm or any other part
is streaked with it, a sensation is produced which 1 one direcs
tion feels cool and in the other warm; or opposite pole,
drawn in the same way, will cause opposite sensations. More-
over, by streaking any object, such as a glass of water, the
patient is aware of a change having come over it. By the
action of magmets, intense pleasure or violent uneasiness may
be communicated to susceptible persons; and this effect arises
also from the magnetism of the earth; for such persons feel a
degree of suffering amounting to iliness when they he in bed
with their heads to the west and feet to the east; whereas
they enjoy perfect repose in the direction of the magnetic
meridian—the head being to the north.

234. But to show that this influence is not the result of the
ordinary magnetic property of loadstone or the electro-maymet,
it is alleged to arise from crystals also, which have no mag-
netic action in general. A crystal presents all the appearances
—of illuminated poles, attraction for the haud, and cool and
warm sensations, according to the pole used. It follows,
therefore, that the power of a magnet over highly-seusitive
people is something additional to it recognised properties, and
common to it with crystals.

235. A recent discovery of Faraday gives considerable sup-
port to the assertion of a common influence in magnets and in
crystals; and although it does not actually prove the state-
ments of Reichenbach, it serves to take off the air of incredi-
bility that might otherwise surround them. 8o explicit are
Faruday’s observations, that they have led him to assert the
existence of & new magnetic ition, oT & new magnetic force
—that is to say, a power possessed by magnets perfectly din
tinct from their attraction for iron. Moreover, this force is
shown by its action on crystals.

236. When a ray of light is reflected st a certain angle
from a mirror, it is polarised, or acquires such a property
that & second reflection in a particular way will extinguish it.
Light is likewise polarised gm ing through certain trans-
parent bodies ; and the effect always is, that sfter the second

ction, the + only in one position of the second
positions it is extinguished. Faradsy

vy

3 n
i, 2 i X

[ isi tus, consi a mirror to
m mg’mmg a transparent body for the second;
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s0 that after a reflection and a-transmission, the light was
reduced to the state of partial appearance. In the course of
the ray from the mirror to the eye-piece (as the second
polarising substance is called), he placed a crystal so that the
ray must pass through it. Ths crystal of itself has mo
p’!{lmlng influence ; but if it is arranged so as to lie between
the poles of a powerful electro-magnet, when the magnet is
rendered active, the crystal instantly becomes charged with
an influence which is made known by a change in the appear-
ance of the polarised ray after it has passed through the eye-
piece. If, before the magnetism is set on, the eye-picce is so
arranged that the polarised ray is visible, after completing
the circuit the ray is made ¢nvistble. It is not, however,
destroyed or entir«lf extinguished ; for if the eye-piece is
turned round somew hat to one side, it reappears. So if the eye-

iece is first placed in the position in which the polarised ray
18 extinguished, the action of the magnetism on the intervening
crystal will bring it into view; and the eye-piece must again
be rotated, in order to causg the same extinction as before the
magnetism was made active. Hence the power of a mag-
netised cryatal is expressed by saying that it makes a polarised
ray to rotate ; for the ray's positions of appearance and dis-
appearance are 8o far changed, that the eye-piece must be
revolved to one side or another to bring them out.

237. There is thus an influence possessed by magnets over
the atoms of crystals, whereby these give a bias different from
their ordinary nction to all rays of light that pass through
them. Something common must attach to one constituent of
magnetic force and one constituent of crystalline force, in
order that the one may overpower or modify the other; for
forces which act and react on each other must be similar in
kind. The crystal, while under the magnetic influence, ac-
quires no attraction for iron, nor any other feature of common
magnetism ; and therefore it is alleged with justice that a

wer altogether new and different is hereby made manifest.
Rus both the results of Furaday, and the observations of
Reichenbach, point to a power over and above common elec-
tricity, although of the true polar character; for Faraday
found that the reversal of the poles of the magnet reversed
the direction of the rotated ray : in one case :E:n had to
be sought by revolving the eye-piece to the right; and
with reversed poles it reappeared by revolving the eye-piece
to the left.

238. But Reichenbach found his new force in many other

quarters besides magnets and crystals. It arises from the
sun’s rays, the moon’s rays, from heat without light, from
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friction, from chemical action, and from the human hand:
aud it seems also present in some degree in the material world
at large; 80 that to the sensitive patient all nature is illumi-
nated in the deepest gloom of midnight. A faint luminous
haze of varied colours appears all over the objects of & rovm,
the persons, and especially the hands of human beings, and
over dead bodies ‘ngc recently occupied graves. On the whole,
it is impossible not to be struck with the connection which the
new magnetic condition has with light in the very dissimilar
experiments of Reichenbach and Faruday.
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