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PREFACE.

Tae present werk is principally occupied with Mag-
netism in its connection with Electricity. But the gen=
eral phenomena of both these sciences are described as
fully as the thorough comprehension of the relations ex-
isting between them appeared to require. It has been
the aim to give to the book a practical, rather than a
theoretical character, and to introduce hypotheses no
further than was essential to a clear explanation of the
phenomena described. Many important observations and
results connected with magnetism and electricity have
never been brought together in any scientific work; and
the present volume, though mainly intended as a com-
panion to the apparatus manufactured by me, has, in
consequence, taken the form of a treatise on those
branches of science to which it relates, and may be
used as a text-book.

Since the appearance of the first edition of this
Manual, in 1842, some progress has been made in the
departments of science treated of, and many new and
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poses of a text-book for Colleges and High Schools, anq
also as a companion to the apparatus. The Manyal
has for some years been in use as a text-book, for the
sake of ifs demonstrations, in the United States’ Military
Academy at West Point,

The preparation of the present, as well as of the
former edition, has been principally under the charge
of Drs. John Bacon, Jr., and William F, Channing,
The arrangement which has been adopted, and which
differs from that of any previous work, is founded upon
2 natural order; and the attempt has thus been made
to establish a more scientific relation between the facts
of magnetism. Many of the instruments and experi-
ments are original, and are now for the first time
described. Among the new articles of apparatus, a
considerable number have been contrived or imp fo'ed
by Mr. E. B. Horn. Numerous wood cuts 3.“’ intro-
duced to illustrate the subjects under consideration.

Danter Davis, Jr

.M—)N. August, 1847.
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INTRODUCTION.

DEFINITIONS AND EXPLANATIONS.

1. Macnerism.— The term magnetism expresses
the peculiar properties of attraction, repulsion, &ec.,
possessed, under certain circumstances, by iron and
some of its compounds, and in a somewhat inferior
degree by nickel, a closely-allied metal. Cobalt is
perhaps slightly magnetic.

Evrecrro-MaeNeTisy. — That branch of science
which relates to the development of magnetism by
means of a current of electricity, is called electro-
magnetism. It will be treated of in Book I.
Chapter 2, and in Book IL Chapter 2. :

Maenero-EvecrriciTy treats of the development
of electricity by the influence of magnetism, and
will form the subject of Book IIl. Chapter 2.

2. Muacner. — The body which exhibits magnetic
properties is called a magnet. This name is confined
to the metallic substances mentioned above; but all
conductors of electricity are capable of exhibiting

similar attractious and repulsions while conveying
a current.
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NaturAL  Macsers. — Certain  ores of iron ars
found to be possessed of the magnetic properties in

their natural state. 'I'hese are called natural mag-
nets, or loadstones.

ArTiFiciaL  Mae~ers. — Bodies belonging to the
magnetic class, in which magnetism is artificially
induced, are called artificial magnets.

3. Inpucrion or MaeneTisyM. — Whenever mag-
netic properties are developed in bodies not pre-
viously possessed of them, the process is termed the
induction of magnetism.  When this is effected by
the influence of a magnet, it is called magnetic in-
duction; when by a current of electricity, electro-
magnetic induction.

Inpucrion oF Erecrriciry. —This term express-
es the development of electricity by the influence
of other electricity in its neighborhood, or by the
influence of magnetism. In order to distinguish
the inductive action of an electric current from the
static induction of eclectricity at rest, the former is
called electro-dynamic induction. 'The development
of electricity by the influence of a magnet is termed
magneto-electric induction.

4. Pouzs.—The magnetic phenomena manifest
themselves principally at the two opposite extrem-
iﬁ_es of the magnet; the force of the attractions and
repulsions diminishing rapidly as the distance from
them increases, until it becomes entirely insensible
_ at the middle point. These extremities are called
~ the poles of the magnet. <
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EXPLANATIONS. 3

5. The earth itself is found to possess the prop-
erties of a magnet, having magnetic po.es corre-
sponding nearly in their direction with the poles of
its diurnal rotation. Now, if a straight magnet be
suspended so as to allow of a free horizontal mo-
tion, it will be found to place itself in a direction
nearly north and south ; as will be explained here-
after, The end which turns towards the north is
called the north pole of the magnet, the other énd
its south pole. Hence every magnet, whatever its
form, is said to have a north and a sonth pole, In
the figures to be hereafter described, the north pole
is indicated by the point of an arrow, and the senth
pole by the feather; or by the letters N and S re-
spectively. 'The poles of a galvanic battery will
be described farther on, when treating of that
instrument.

6. Pervanent Macwers. —It is found that pure
soft iron easily acquires magnetism when exposed
to any magnetic influence, but immediately loses
this magnetism when that influence is wilhdrawn.
But steel, which is a compound of iron with a small
quantity of carbon, and especially hardened cast-
steel, though it acquires the magnetic properties less
readily, retains them more or less permanently after
they are acquired. Hence a magnet formed of
hardened steel is called a permanent magnet.

7. Ban Maewer.— An artificial permwlblﬁ ot
in the form of a straight bar, is called a bar magnet.
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Fig. 1 represents
a small case, con-
taining two bar
magnets, with two
short pieces of soft
iron  connecting
their poles: these
act as armafures (see § 9), and serve to preserve
the power of the magnets. The magnets, when not
in use, should be kept packed in the case, with their
opposite poles connected by the armatures, in the
manner shown in the cnt.

Coxrounp Bar MacNer.— A magnet composed
of several straight bars joined together, side by side,
with their similar poles in contact, for the purpose
of increasing the magnetic power, is called a com
pound bar magnet,

Such a magnet, composed of three simple mag-

nets, fastened together, is represented in Fig. 2.
Fig, 3.

8. Horsesuor or U-Maeyer. — A mag-
net which is bent into such a form as to
bring the two opposite poles near together,
so that they can be connected by a short,
straight piece of“iron, is called a horseshoe
or [“magnet. '

Fig. 3 represents a steel magnet of this
description.
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Cowrounp HonrsesHoE MaGneT. — A
magnet composed of severz.il horses!me
mnénets joined together, side by enqe,
as in Fig. 4, for the purpose of in-
creasing the power, is called a- compound
horseshoe magnet, or magnetic battery.
These magnets are charged separ’ate.ly,
and are put together with all the similar
poles in the same direction.

9. Armature.—A piece of soft iron, adapted to,
and intended to connect the poles of a magnet, is
called an armature, or keeper. Horseshoe magnets
are usually provided with an armature, consisting
of a straight bar of iron, for the purpose of pre-
serving their magnetic power: this should be kept
constantly applied to the poles of the magnet when
it is not in use; as shown in Fig. 4, where A is the
keeper. Armatures are employed in various experi-
ments, and their forms vary with the purposes intended,

Fig 5.
10. Maeyeric NeepLe.
— A light and slender
magnet, mounted upon a
centre of motion, so as
"~ to allow it to traverse
freely in certain direc-
tions, is called a mag-
netic needle. Tt may be
S0 mounted as to move
only herizontally, as in
e Fig. 5; or its motion
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Fig. G may be confined to a vertieal direc-
tion, as shown in Fig. 6. "This last
form is called a dipping needle. By
means of a universal Joint, the needle
may be supported in such a manner as
to have freedom of motion in both a

horizontal and vertical direction.

11. The most obvious effects exhibited by mag-
nets are their power to attract iron, aud their
tendency, when freely suspended, to assume a de-
terminate position in reference to the earth. For a
long time, these were the only properties which were
noticed, or at least which received particalar atten-
tion. The attractive power of the loadstone over
small pieces of iron seems to have been known from
the remotest antigquity ; but its polarity with regard
to the earth does not appear to have been observed,
at least in Europe, until the eleventh or twellth
century of the Christian era. It is, however, stated,
by a distingnished orientalist, M. Klaproth, that the
Chinese were acquainted with the polarity _of the
magnet, and employed it as a guide to travellers
on land, at least as early as the second ct’:’?“‘?}’
also, that the use of the mariner’s compass In nav
igation originated with them, and was commnlx_t_
~cated to the Buropean nations through the Arabs.
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PRODUCTION OF ELECTRICITY,

12. As a current of electricity is requisite in
many of the experiments to be mentioned here-
after, it becomes necessary to describe the various
means by which it may be produced.

I. MECHANICAL OR FRICTIONAL ELECTRICITY.

13. The electricity developed by the electrical
machine is called mechanical or frictional, from the
mechanical force or friction by which it is obtained.
It possesses properties differing much in degree from
those exhibited by the galvanic arrangements de-
scribed below, and is far inferior in producing mag-
netic effects, which require an electric current. On
the other hand, it greatly surpasses galvanic elec-
tricity in exhibiting the phenomena of electricity at
rest, under its two forms of positive and negative.

14. "I'he great development of electricity observed
during the -escape of steam from high pressure boil-
ers, may be mentioned here. This is collected for
purposes of experiment, by plunging into the steam,
escaping from the safety valve, a brass rod (Fig. 7)

e
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furnished with a brush of points, P, at one end, te
collect the electricity, and held by means of an in-

Fig. 7.

sulating handle attached to the other end. A length
of six or eight feet is found advantageous, in this
instrument, to convey and insulate the electricity,
which may be conveniently drawn from the lower
part of the rod. In the cut, the brass rod is repre-
sented as terminating in a brass ball, B, insulated from
the wooden handle, H, by a stout glass rod, G.

15. The electricity obtained in this way from
steam is of high intensity, affording sparks of an inch
or more in length, and charging the Leyden jar so
as to give strong shocks. It is almost always posi-
tive, and is not obtained unless the steam is of high
pressure, so as to issue from the valve as a trans-

parent vapor.
II. GALVANIC OR VOLTAIC ELECTRICITY.

16. These names are given to that form of elec-
tricity which is produced by chemical action. It
is found that, when two metals are placed in contact
Wwith each other, and with some liquid capable of
acling upon one more than upon the other, electricity
of a peculiar character is developed. The peculiar
electrical relation of the metals employed, also exerts
an influsnce upon this result. The metals most
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extensively used are zine and copper, or zine and
platmum ; and the chemical agent is some liguid
containing an acid having a powerful affinity for
zine. The language adopted in describing the re-
sulting phenomena was founded originally on the
supposition that electricity is given out to the copper
from the zine, which is corroded, through the liquid
Fig. 8. between them. This is shown in
the adjoining cut (Fig. 8), which
represents a glass vessel, nearly
filled with the fluid, and contain-
ing a zine plate, marked Z, and
one of copper, C. Now, the sup-
posed motion of the electric cur-
rent within the vessel, is from Z
to C; and if the two metals are
connected by a wire without the
vessel, as in the cut, in order to
fulfil the condition of metallic
contact, the electricity is supposed
— Xy to pass around through the wires
from the copper to the zine again, to restore the
equilibrium of the fluid. Thus the current is con-
s‘dfted as passing from zine to copper within the
series, and from copper to zinc without it. The
::revcounected with C is called the Mﬁ“ pole of
¢ amangement, and that with Z the negative pole.
17. The electricity proceeding from the positive
pﬁ:::; :: ‘he'.same in its relations as the electricity
Whlkhasiginaliy eosiven B e LA A
- ed the name of positive ; while
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that from the negative pole corresponds with the
electricity obtained from the rubber of the machine,
These terms are, however, to a certain extent, arbi-

trary. It is still an open question, whether there-is
one fluid moving in a particular direction, or two
fluids moving in opposite directions, or no motion
of a fluid at all. The fact which is sought to be
explained by these theories remains fixed. In the
above-described circulation of the electrical fluid,
technically called the galvanic circuit, there is an
electrical influence propagated in a certain unchan-
ging direction; and as the control of the magnetic
and chemical reactions produced depends upon our
knowledge of this, it is necessary that the signi-
fication of the terms should be understood.

18. Professor Faraday has proposed a nomencla-
ture of electricity, which has been adopted in some
scientific treatises. The poles are called by him
electrodes, from the Greek shexrpov and idic; that 1s,
ways or paths of electricity ; the positive pole the
anode, from the Greek évidog, an ascending or enter-
ing way, and the negative pole the cathode, from
the Greek xéfodos, a descending way or path of exit.
The terms positive and negative pole are, however
still most frequently employed to designate these
extremities, and the wire without, when in connec-
tion with these poles, is spoken of as the channel
of a positive current passing from the former to
the latter. |

19. Instead of using two metals to form the
- galvanic circuit, one metal, in different states, may
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be used on the same principle; the essentinl eon-
dition of this current being only that one part of a
conductor of electricity shall be more corroded by
some chemical agent than another part. Thns, if a
galvanie pair be made of the same metal, one part
of which shall be softer than another, as of cast and
rolled zine, so as to be differently corroded, or if
a greater amount of surface be exposed to corrosion
on one side than on the other, or a more powerful
‘chemical agent be used on one side, a current will
be determined from the part most corroded through
the liquid to the part least corroded, whenever the
circnit of the poles is completed.

20. Galvanic electricity is capable of producing
the most extensive magnetic, chemical, and calorific
effects. In this respect, it has a far greater capacity
than mechanical electricity, though it is found that,
by the accumulation of this latter, the same efleets
can be produced in proportion to the amount pres-
ent. This has led to the natural inference, that,
in galvanic electricity, the qwmmy ptesent is im-
mense, while in mechanical, the quantity is small.
On the other hand, it is found that, in the latter
~ form, the electricity 18 much more energetic in s

physxeal reactions; that it appears to heeomhmed

e
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as glass, earthen ware, wood, ivory, which act as
non-conductors to galvanic electricity, are much
more numerous than the corresponding class, with
reference to mechanical electricity. A true com-
parison between these two forms of electricity, would
be made between the galvanic current and a cur-
rent of mechanical electricity, freely circulating, as
through a wire connecting the prime conductor and
the rubber of an electrical machine. So compared,
the fluid would be found in both identical in its
effects, with scarcely greater difference in the con-
ditions of quantity and intensity than we are able
to produce by different arrangements of galvanic
series.

21. There are two modes by which the peculiar
powers of a galvanic arrangement may be increased —
first, by increasing the size of the plates used ; and,
secondly, by increasing their number. 1. The ex-
tension of the size of the plates. 1 the size of the
plates, that is, the extent of the surfaces acted upon
by the chemical agent, is increased, some of the
resulting effects become more powerful in the same
ratio, while others do not. The power to develop
heat and magunetism is inereased, while the power
to decompose chemical compounds and to affect
the animal system is very slightly, or not at all, aug-
mented.  Batterics constructed in this way, of large
plates, are sometimes cgllggl'_qalaﬁvdol_ots, from their
great power of producing heat; and they usually
consist of from one to eight pairs of plates. They
- wre made of various forms. Sometimes the sheets
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QU
of copper and zinc are coﬂefl. in ct;ncte;lmc ngnral;
cometimes placed side by side; and they Y'ded
divided into a great number of small plates, plfov;
that all the zinc plates are comected together, and
all the copper plates together, apd then, finally, tonat
the experiments are performed in a channel of elec-
trical communication opened between lh.e one con-
geries and the other; for it is immaterial whether
one large surface be used, or many small surfaces;
electrically connected together. The fzﬁ'ect of all
these arrangements, by which the metallie surface ?f
a single pair is augmented, is to- increase the guanfuy
of the eleetricity produced. — 2. The extension of the
number of the plates consecutively ; that is, by con-
necting the copper plate of each pair with the zinc
plate of the next puir. By this arrangement, the
electricity is obliged to traverse a longer or shorter
series of pairs; each pair being separated from the
adjoining ones by a stratum of imperfectly conduct-
ing lignid, or by the walls of an msulating cell.
The result is, that the eleetricity acquires that ad-
ditional impulse, which has already been referred to,
as intensity. It has greater power to pass through

imperfect conductors, or throngh intervals in the

circuit, to give shocks to the animal system, and
to decompose chemical compounds: and when the
number of consecutive pairs of plates is increased to

s0me u_mumuds_, or even hundreds; the eclectricity
developed approaches very near in its character to
‘_l_lﬂt,'mpdﬁced,by the eleetrieal mm:luna,:t lmlm
similar .a:trmioxfz and repulsions, and in fact the
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Leyden jar may be charged with it. With a very

extensive series excited by water only, and in which

each cell was carefully insulated, an English elee-

trician has lately obtained an electrical discharge
between the poles, although separated to a con-
siderable distanee. T'he electricity from one pair of
plates has a very low intensity, As the number of
consccutive pairs is maultiplied, the intensity in-
creases, until at length it approximates to that of
frictional electricity, which is able to strike across a
considerable interval of air, and to fracture solid non-
conductors interposed in its circuit.

22. In consequence of the low intensity of the
electricity required for electro-magnetic experiments,
it is very easy of insulation. This is a great ad-
vantage in regard to the practical construction of
magnetic apparatus. Where electricity exists m a
state of high intensity, it has a strong tendency to
pass off and dissipate itsell through imperfect con-
ductors; but where it exists only in great quantity,
it requires nearly perfect conductors to allow it a
passage. The electricity developed by a single pair
of plates, however much its power may be increased
by increasing the size of the plates, will scarcely pass
across the smallest interval of ajr; and a wire con-

veying the current may be perfectly insulated by &

covering of varnish. In werking the electrical ma-
chine, m the other hand, t‘lle'-eleetriﬁéd'intté“qu the
apparatns must be kept at a distance from each %ther.g
raised on glmssuppotts,orauﬁpembff‘mwm P '.',
and then, “mless the atmosphere is very dry, the

“b
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a ectricity will be rapidly dissipated. But in the case
of currents of low intensity, however great what is
called the quantity may be, two wires may lie side by
side, with a coating of varnish or wax hetween them,
and convey different and opposite currents, without
any perceptible electrical intercommunication.

23. For the purposes of electro-magnetic experi-
ments, electricity of a low intensity is required ; the
power of the magnetic effects of a current of elec-
tricity depending upon an increase of its quantity,
mainly. Increasing the number of consecutive pairs
would only add to the intensity of the current, making
it more unmanageable in respect to insulation, with-
out adding much to its magnetic effects. Galvanic
batteries having many pairs of plates are therefore
unsuitable for these experiments. 'The maximum
magnetic effeet is produced by a single galvanic com-
bination, or at most by five or six. In some of the
reactions, however, of a magnet with a coil or elec-
tric current, as well as iu experiments on decompo-
sition and deflagration, batteries capable of produeing
intense currents are required. ‘The most convenient
forms of single pairs and of series will therefore now
be described.

24. Smex’s Barrery. — This form will be first

Fig. 9. spokeu of, as fu__ shing an extimp!&*'ef -
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are platimum and zine. The original battery of

Smee consisted of zinc, and silver covered with a film

of platinum; but the metal platinum itself is found
so much superior to the platinized silver, and the dif-
ference in expense so slight, that it has been substi-
tnted. The arrangement, also, as shown in the fig-
ure, has been modified from the original form. The
metal platinum is used in this case, as it is the least
oxidizable of the metals, and therefore capable of
producing a more powerful current with zine than
any other. On the frame will be seen two screw-
cups for the attachment of wires by which the
current may be conveyed in any direction. One
of these screw-cups communicates with a strip of
platinum foil, which is suspended between two zine
plates, both of the surfaces of the platinum being
opposed to the zine. The amount of galvanic ac-
tion is generally in proportion to the metallic sr-
faces of different kinds opposed to each other, and
also in proportion to the nearness of those surfaces,
The other screw-cup is connected with both the
zine plates, thus uniting them juto a single element
of the pair. The screw-cup connected with the
platinum is insulated from the metallic frame which

supports it, by rosewood ; and a thunb-screw, scen

at the left, confines or releases the zine plates, so

that they ecan be renewed from time to time.

25. The liquid used to. excite this battery is
sulphuric acid (oil of mtm'»l)a diluted with ten ot
twelve parts of water by measure.  This acid acts on:
common zine when the galvanie eirenit is nct estab-
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lished, and a great loss would lllel'efo'm ensue tmu
the corrosion of the plates during she interval of ex-
periments, even if the ziue was withdrawn 'ﬁom the
acid whenever practicable. To remedy this defeet,
it has been found that zine which has its surface
amalgamated (or combined with mercury) with-
stands the action of diluted sulphuric acid, unless t
is in galvanic connection with another metal ; and
accordingly the zine of this battery, and of other
batteries in which acid is used, is commonly amalga-
mated. It then remains almost uncorroded until the
galvanic eircuit is completed by making contact
between the wires, when the zine is immediately
attacked, The amalgamation of the zinc is easily
effected by rubbing it with a little mercury and
muriatic acid at the same time, This battery, when
once in action, is very constaut. It does not, how-
ever, like the batteries hereafter to be described,
awrive instantly at its highest rate of action when the
cirenit is completed, but takes an appreciable time to
reach this point, and it is not therefore fitted for use
with apparatus where the cireuit is rapidly broken
and renewed. No adenuate inerease of power is
obtained by adding to the size of this battery.

26. In order to understand some of the phe-
nomena which will be spoken of hereafter, it is
necessary to notice what takes place when the cir-
cuit of “‘e.-bm@l’f is completed and the galvanic
current begins to flow. The first thing which is
fherved s & rapid evolution of gas in bubbles from
the platinum plate. It was stated that electricity

0o »
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was supposed to pass through the liquid between the
plates in a direction from the zine to the copper or

platinnm. This passage of electricity through flnids
which are not themsclves elementary, is attended

always, according to Faraday, with decomposition,
whether the fluid is between the plates of the bat-
tery or interposed in the course of the wires or poles
leading from it. Thus, where a battery is excited
simply by water, that fluid is decomposed ; its 0Xy-
gen attacks the zine, and its hydrogen is given off
in contact with the electro-negative metal.

27. In Smee’s battery, the water of the acid
solution may also be considered as undergoing de-
composition, one atom of its oxygen uniting with
one atom of zine, in order to enable the sulphuric
acid to unite with the resulting oxide of zine, and
the corresponding atom of hydrogen being given off
in contact with the platinnm. It will be observed
that the oxygen and hydrogen appear at the opposite
sides of the fluid undergoing decomposition. It is
10t, however, believed that these clements travel
throngh the intervening distance, but that the two
atoms of water in contact with the plates are simul-
taneously decomposed, and that a chemical equilib-
rinm is then established by a progressive exchange
of elements in all the intervening particles. The su
ject of clectro-decomposition will be further SPOW
of in connection with the electrotype.

28. The gas which is so plentifully disengaged
at the surface of the platinum in this battery is apt
bring the strip into contact with the zine, -
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cause a discharge between the metals within the bat-
tery, instead of through the poles without. 'To obvi-
ate this, the platinum is either confined in its proper

. position by some fixture at the hottom, or a bead of

glass is attached to it, which prevents its swinging
against the zinc.
f'ig. 10. I“ig. 10 .reprc-
sents a series of
three pairs of this
battery, in which
it will be observed
that the platinum
of one is connect-
ed with the zine
of the next, and
that the terminal wires proceed, consequently, one
from a platinum plate and the other from a zine
plate, as in a single pair.
29. CyrispricaL Svreuate oF CorpEr BarTeERY.
—This battery, a vertical section of which is rep-
Fig. 11. rese.rfted in Fig. 11,
| consists of a double
. cylinder of copper, C G,
#l with a bottom of the
‘same metal ; which an-
swers the purpose both
of a galvanic plate and
of a vessel to contain

»1a
-

vy
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~

is # movable eyhnder of zine, marked Z in the
sectional view, which is let down into this solution
whenever the battery is to be put in action. It is,
of course, intermediate in size, as well as in position,
to the two copper cylinders, and is made to rest
upon the exterior one by means of three insulating
branches of wood or ivory, projecting from it out-
wardly. Thus it hangs suspended in the solution,
and presents its two opposite surfacqs to the action
of the liquid, and to the inner and outer cylinders
of copper respectively. There is a screw-cup, N,
connected with the zine cylinder, and also one
marked P, with the copper cylinder; and, according
to the principles heretoforo explained, when a com-
munication is made between these cups, the elec-
tricity developed by the action within the battery
will pass from one to the other.

Fig. 12 is a perspective’
in which the parts will be

i {l : understood without further

| “
” | 30. The liguid employed
| to put this battery in action
I Tl
"l'}‘. I copper (common blue wvit-
U'; . riol) in water. To prepare
2o JL
salt is first made, and to this solution is then added
as much more water. It may be convenient to know,

view of the same battery,
' 1 explanation.
-
(M is a solution of sulphate of
it, a saturated solution of the
that a pint of water, at the ordinary temperature of
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the atmosphere, is capable of dissolving one fourth of a

and of blue vitriol ; so that the half-saturated solu-
tion employed will contain about 2 oz. of.' the salt
to the pint. The addition of a smqll portion of al-
cohol to this solution is sometimes of advantage, by
increasing the permanence of its action.

3]. The action in this case is as follows: The
zine is oxidized by the oxygen of the water; the
oxide combines with the acid of the salt, forming
salphate of zine, which remains in solution; while
the oxide of copper, which was previously combined
with the acid, being set free, partly adheres to the
surface of the zine cylinder, or falls to the bottom of
the solution as a black powder, and partly is redoced
to metallic copper, which is precipitated on the sur-
face of the copper cyliuder, or falls to the bottom in
fine grains. 'This reduction of the oxide to the me-
tallic state takes place in the following manner: The _
water of the solution furnishes oxygen to the zine,
and thus enables it to combine with the acid; while
thfa hydrogen, which is liberated, again forms water
with the oxygeu of the oxide of copper with which
It comes in contact, leaving the metal free. Hence
but little gas is given off during the action of a
3?;:;{ :vt;;::iedu by-u sulphate of copper, as the hy-
absorb;d.' . sually escapes, is in this case mostly

32. In this form of battery, there is greater in-
tensity in proportion to the qnmntity of d_lec‘t‘ri_dity
produced than in Smee’s, from the fact that the final
decomposition, falls on oxide of copper, and not on
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water, which is separated into its clements with
greater difliculty than the former. The force of a
galvanic battery is equal, other conditions being the
same, to the amount of corrosive force in the solution,
minus the force of chemical affinity which has to
be overcome in the decompositions which necessarily
attend the process. The sulphate of copper battery is
found more convenient than any other in a large class
of experiments, and also generally in the hands of
persons to whom the use of acids would be incon-
venient, The solution of sulphate of copper is en-
tirely nentral, and does not injure the eolors or texture
of organic snbstances. Smee’s battery is a more con-
densed form, and the action on an equal surface of
zine more energetic.
33. The coating of oxide of copper should always
be removed from the zinc after using the battery.
For this purpose a eard brush is provided. With this
the surface of the zine should be thoroughly cleansed,
with the aid of plenty of water, whenever it has been
in use. 1If this has been neglected, so that the zinc
Jhas become covered, in whole or in part, with a hard
coating, it will be necessary to scrape or file it, to
obtain a clean metallic surface. The deposit of cop-
per, also, which will gradually accumulate below,
must be removed from time to time. |
34. Batteries excited by sulphate of copper will
keep in good action for twenty or thirty minutes:--:at-a{
time. ‘'The zine eylinder should always be taken out -

of the solution when the battery is not in use, but the-






