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he gave utterance to a blast which startled
his andience from their seats, and shook
the dishes upon the grocery shelves.
‘When the surcharged atmosphere had
cleared a space, the Colonel sat calmly ma-
jestie in his cheir, while I observed that
every eye had become fastened upon me,
the writhing object of his disdain.

“So they've got it incopperated as a
city, eh ¥’ continued Colonel Snore.

¢ Have they nommernated a Mayor yet,
Iwonder? Ior everdently, gentlemen,”
snid Colonel Snore, with the last severe
thrust which his mevciless sarcasm could
give—*‘cverdently we have here a can~
dervdate!”

i STORING ELECTRICITY.

N order to undersiand the true nature

of the operation which is designated in
the language of the day as storing elec-
tricity, it is essential to begin with those
fundamental and important prineiples of
modern seience, namely, the conservation
of energy and correlation of forces.

" Fav-reaching and important as these
_ principles ave, and obscure as the words
indieating them may secm, they admit of
very simple exposition, and can be easily
comprehended if judieiously approached.
The best way of treating the subject, we be-
lieve, is by taking an exaomple and devel-
oping the general principle from it.

- Buppose we bhave a large reservoir for
water on o hill near a river-bank, and at
the foot of the hill a pump, by which wa-
ter from the river may be forced up into
the reservoir. Suppose that the pump is
worked by a steam-engine, horses, men,
or any other motors, until the reservoir is
filled. Two things will then be manifest:
fixst, that we have expended the energy
of the steam-engine, horses, or men in
lifting the water from the river into the
reservoir; and secondly, that the water

so lifted has aequired a power of doing
work, or an energy, which it did not pos-
gess before. In other words, it can now
worl o hydraulic engine, water-wheel, or
‘the like, which it could not do while it re-
mained below in the river,

Yet more than this, however—iwe shall
find that if the water from the reservoir
were used to operate a hydraulic engine
or the like, itwould develop an amount of
energy exactly equal to that which was
expended in raising it from the river into
the reservolr.  'We of course leave ouf of
consideration such side issues as losses by
friction and the like, and consider only
the energy oxpended in liffing the water
up, and the erergy redeveloped in letting
it down. .

It is manifest, then, that in the case
supposed we have o sforage of energy, or
* conservation of energy”; for the energy
of the steam-engine, horses, or men ex-
pended on the pump is recovered from
the hydraulic engine affer a greater or
less interval of time, during which if has

heen stored ov preserved, ready for use
when wanted. - :
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It-ds manifest, however, that the ener-
gy, while stored, was in some very differ-
ent condition from that in whicl: it exist-
ed in the steam-engine, or other motor,
when that was working the pumps. There
the energy existed as motion of masses of
matter, and varied with the weights mov-
ing and the velocities with which they
moved.* In the reservoir, however, all
was ab rest, and the encrgy of the water
was in no way manifested or measurable
from any action there taling place.

In fact, the energy of the wa.tel while in
the reservoir, consisted only in ¢ capaczty
of clevelopmg energy-when it was let aut
and not in anythmcr then active.

This distinction is fully, recognized in
the scientific treatment of the subject, and
we call the energy of the water in the re-
servoir ‘‘potential energy,” while that of
the steam -engine, or that developed in
the hydraulic engine by the water when
it is allowed to run out of the reservoir
tlu'ough such hydra.ulu, engine, we call

““actual energy.”

The potentnl enelgy of the water in the
reservoir is often called ** energy of posi-
tion,” because it manifestly depends on
the posmon of the waler at a height above
the river into which it can flow. In fact,
it depends on fwo .things—the a.ttmct:on
between the earth and the water, 7, e., grav-
itation, which gives the water weight, and
the distance through which the water can
move in obedience to this attraction.

A fow words as to the meaning of the
word energy and its distinetion from foree
would, we think, be desirable in this place.
Energy implies the combination of two
things —force and motion—and is the
equivalent of the result of its exercise,
which we call work, which is also a com-
pound idea involving the exercise of force
through space.

Force alone exhibifs no enersry, and
does no work, Thus a eight resting on
the ground is atiracted toward the centre
of the earth by the foree of gravity, and
exerts against the' ground on which it
resis. a certmn force expressed by its
weight, but it has mo energy, and to the
end of time, while simply lying ab vest,
would do no work.

To do work, or have energy, it must
move or be capable of moving in obedi-
ence to force. Thus if we raise it from

* We of course refer to the produet of mass by
gquare of velocity (mu?).

the ground onefoot; the force of gravity
on it will be the same, but it will now be
able to move down one foot, and so devel-
op energy and dowork. If we raise it ten
feet, it can move ten times as fav, and can
thus develop ten iimes ag much enerpy
and do ten times as much work. If the
wmght actually moves, we say that it has

*actual energy™in it; if it is only so placed
ﬂmt it can move, we szy tha.{'. it has **po-
tential energy.”

The above lllustratlons will, T thinl,
give & frue general idea of the relations
between aciual energy, or energy of mo-
tion (often called kinetic energy), and
encrgy of position, orpolential energy, and
will show how potential energy comes to
be in a certain sense a storage of actual
energy, inasmuch as it gives us the abil-
ity of tmiming on at will and re-obtaining
actual energy in consequence of a previous
expenditure of actual energy in securing
the conditions essential to the existence
of the potenl.ml energy. .

Thus by using a small steam-pump 1un-
ning constant]y we may accumulate in a
high reservoir water enough to operate
occnsmnally a hoist or other machine for
& short time with an intensity of power
the small engine could not;at any one mo-
ment exhibib. Of course, however, the
total amount of work done is in no case
greater than that -yielded by the small en-
gine, but in fact is always less, by reason
of friction and other causes of loss; but
the same tofal amount, ox even a less total
amount, may be more desu'a.ble if furnish-
ed in a more concentrated way, or if held
in reserve, rendy foruse when called upon.

There are many other similar a,pphca—
tions of the general prineiple embodied in
the above example, such as the *‘ acoumu-
lators" used with hydranlic presses, reser-
voirs of compressed air used to operate .
drills and various other machines, the
winding up of the weights of a clock or
the spring of a watch, and the like, Inall
cases energy is convm-tecl from its active
into its passive condition by causing mo-
ton in opposition to some natural foxce,‘
by reason of which the substance moved
is put in such a position that it can move
bael again in obedience to the same foree,
thereby developing aetual energy again.

Thus when wewind up the clock weight
ave expend actual energy of motion in
lifting the weight from  a posmon in
which it was nnable to move, in obedience
to the force of grawtatlon, to a position
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where it can move in obedience to-that
foree.

So again when we wind up a spring,
we change the relative positions of iis
particles from those in which they are
exactly where the elastic and other forces
tend to place them (axd therefore can not
move in obedience fo fhese forces any
further) to such relative positions as are
not what the acting forces would couse
them to occupy, and from which, there-
fore, they can and do move in obedience
to these forces whenever they have the
opportunity.

So agnin with compressed air. In its
ordinary condition the air particles are as
- far apart as their mutual repulsion*tends
to drive them under existing conditions,
and therefore they have no tendency fo
separate farther; but if by a compressing
pump we erowd a vastly greater number
into the same space, they are forced to ap-
proach each other within reach of power-
ful repulsion, and are thus in condition
to move apark in obedience to this force
when the occasion comes.

In all these cases we have a storage of
energy in so far that we can at any time
reproduce again (losses excepted) the same
amount of energy that was expended in
producing the change effected in the ma-
terial acted upon.

So far we- have considered this frans-
formation of actual into potential energy
only in connection with what may be
ealled mechanical forces, such as gravita-
tion, elasticity, and repulsion; buf pre-
cisely the same principle applies to any
other simple force, such, for example, as
chemical affinity. Iere likewise we can
convert active into potential energy, and
then reverse the process in a manner
closely analogous to that which we have
. alyeady described, nor in this case are we
at all confined to mere sensible mechan-
ieal energy, like that of a moving steam-
engrine, as the form of energy to be con-
verted.

Thus, to take an example which has
beer made familiar to most readers of
late years, the active energy of the sun-
rays acting on a growing plant causes it
to separate, to a greater or less degree, the
hydrogen and carbon present in the carth’s
almosphere in combination with oxygen

# It is unnecessary to considor Liere what is the
cause of this repulsion, aa this would only complicate
the statement without modifying its general char-
acter, ’

as water and cavbonic acid, and to build
up these elements in its structure as wood
fibre. 'While combined in water and ear-
bonie acid the strongest attractions of
these elements were satisfied, and no fur-
ther combination under ordinary condi-
tions was possible ; but when torn away
by the energy of the sunlight from this
condition, and arranged in the relatively
feeble combination in which they exist in
wood fibre and other related produets,
they acquire pofential energy, or the ca-
pacity of obeying their sironger attrne-
tions, and of uniting again wifh oxygen
so ag to reproduce the very form of actnal
light and heat energy to which they owed
their existence. _

In this sense a log of wood may be con-
sidered as a reservoir charged with sun-
light, and the contents of a coal-scuitle a
magazine loaded with the tropical sun-
rays of the earboniferous era.

So, again, when metallic zine has been
prepared from one of its ores by the use
of fuel in the ordinary manner, the acfive
energy of the burning fuel las sepavated
the metal from the other elements with
which it was combined in the ore, and has
thus given it the power of entering-again
into like or other combinations, with the
reproduction of active energy such as that
expended in its production.

Tn this sense o mass of metallic zine may
be regarded as a reservoir charged with
cnergy, which it will retain unchanged un-
til the proper conditions are fulfilled fox
its redevelopment in active form.

Tnstances of this sort may be mulfiplied
indefinitely; nor is the transformation of
energy confined to the change of active
or actual into potential (although this in-
terests us most in the present connection),
but every form of enerpy may be frans-
formed into every other. As, for exam-
ple, the potential energy in a mass of conl
may be converted into heat energy in the
furnaee and boiler of a steam-engine; this,
through the engine, info inechanical ener-
gy in the moving parts; this, by means of
o dynamo-electric machineg, into electric
enerpy; this again into light and heat en-
ergy in an electric lamp; and this again,’
falling on growing plants, as in Siemens’s
recent experiments on the growth of plants
at night under the electrie light, may be
transformed into the potential energy of
wood fibre fit for fuel. Such cycles as
this might e indefinitely multiplied, for
every process of nature and art which we
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-see going on around us involves one or
many of such transformations.

In ench and evéry one of these trons-
formations, also, this further rule holds
good, that precisely the same amount of
energy which disappears in one form ap-
pears in some other, neither more nor less,
so that amid the countless changes every
moment in progress the total energy of
the universe is absolutely constant,

Such as we have described them being
the general relations of all forms of ener-
£y and all varieties of forees, we will now
turn to the special relations existing be-
tween chemical and electrical forces and
the cnergies which are developed in con-
neetion with them.

Chemiecal force is a peeuliar sort of at-
traction existing between the molecules or
ultimate particles of unlike substances,
causing them {o combine together, with
the result that compounds are formed
having properties which did not exist in
any of the combining bodies beforehand.

Thus the two gases oxygen and hydro-
gen combine to form water, which is a
liquid, Copper, o ductile red metal, and
sulphurie acid, o colorless liquid, combine
to form sulpha.te of copper, a bright blue
brittle solid, and so on.

. In most cases chemical combination,

when it takes place, develops actual ener-
gy in the form ofheat; but if some other
form of energy is; prorluced such as light
or alectricity, then a c01138p0n(11ng1y less
amount of heat energy is manifested.

Eleetrie force is a peculiar one, involw-
ing both attraction and repulsion, and
obeying laws whose statement is of neces-
sity rather complex, and which we need
not here consider, becanse we are at pre-
sent only concerned with electricity in the
condition of actual energy, as when it is
moving as a current through a conducting
cireuit. This we know as a galvanie cur-
aent, and its relations o chemical force
and energy ave the following:

When two dissimilar conductors ave
plunged in & liquid capable of reacling
chemically with one of them, and ave
united by some conductmg substnnce out-
sido of the liquid; then a current of elec-
tricity will be established, starting, as we
assume, from the surface where the metal
and liquid ave reachng, passing through
the liquid to the other immersed conduct-
or, and. then through the exterior conduct-
or back to the first or active conduector.
The amount of this electric curvent will

be divectly proportional to the amount of
the chemical reaction between the active
conductor and the liquid, and its total en-
ergy will be exactly equal to the total'en-
ergy involved in the chemical reaclion
which goes on between the active element
and the liquid.* Thus if the tofal energy
of the reaction between zine and sulphurie
acid is expressed by 3006. thermal units,
the total energy of the electric current
produced by the solution® of a pound of
zine in such a combination would be
8,006. such units, or, in other words, &
pound of zine wonid heat 3.006 pounds of
water one degree, if combined with sul-
phurie acid divectly without the develop- -
ment of an electric current, and if it was
s0 arranged that it did produce an eléctric
current, then the current so produced
would heat 3.006 pounds of water cne de-
groee, all losses heing exeluded.

It is on this principle’that we obtain
clectric currents by what are known as
ealvanic hatleries. These consist in their
simplest form of vessels containing dilute
sulphurie acid, in which are set plates of
zinc for the active element, and carbon
for the other (Fig.1). When {hese ele-
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menis are connected by a conductor such
as copper wive, the zine eombines with the
sulphuric acid, and sels in motion a gal-
vanie eurrent, which continues to flow in
the dircction ﬂ,heady described as long as
there is any zine and acid left to keep up
the action,

In this case we have the pofentinl chem-

i mtentloun]ly omit ull reference to the cstabs
lishment of difference of potential by coninet and
other matters of detail, ns likely to complicate the
-subject, and as not essential to an understanding
of the phcnomenu now before us, .



88

HARPIER'S NEW MONTHLY MAGAZINE,

ical energy of the zinc converted into act-
ual electrie energy so soon as the eirenit
is elosed by means of the copper wive, and
this conversion is arested as soon as the
connection is broken, so that we may ook
upon the zine, when thus arranged in the
batiery, as a reservoir of electric encrgy
which will remain charged for an indef-
nite time if not used, and ean be drawn
upon at any moment by the mere closing
of the eircuit,

Of course the zine is not a reservoir of
-electric energyin the sense that it has any
electricity stored in it. All that it con-
tains is potential chemiecal onergy, or the
capacity of combining chemically with
sulphuric acid; but as this renders it capa-
ble of developing electric energy af any
moment, we may with as much proprie-
ty eall it a reservoir of such energy as
we can call a water tank on a hill a.reser-
voir of mechanical encrgy, because it can
at .any time produce mechanical energy
by giving motion to a hydraulic machins,
though there is no such motion in the
tanlk,

The galvanic battery, as we have just
seen; is a means of converting chemical
into clectrie energy, We will now turn
fo an apparafus for reversing this opera-
tion, or for converting the active energy
of an electric current into the potential
energy of one or more chemical substances
tending to combine. The simplest illus-
tration of this is furnished in the appara-
tus known as a voltameter (Fig, 2), We
have here a glass vessel pavtly filled with
water, and having two small plates or
wires of platinum passed through from
below. Above these. are supported fwo
graduated tubes filled in the Tirst instance
with water, When the platinum wirves

are connected with a galvanic battery of-

sufficient power, the water in the vessel is
gradually decomposed, one of its constitu-
ent gnses, hyydrogen, rising in bubbles from
one wire, and the other, oxygen, from the
other wire. These gases will be collected
in the two graduated tubes, and can be
there measured and examined.

- It is havdly necessary to say that these
two gases have a powerful chemical at-
fraction for each other, and if mingled

will unite, on the application of a spavk,
with violent detonation, exhibiting actual

energy in & most conspicuous way. As
long, however, as they are not mingled,
or, being mixed, are not ignited, their en-
ergy is purely potential.

o

&

i

I
i

.

\

Fig, 2.—A Vorrauersn.

This sort of electric separation of chem-
ical compounds, with the necessary result
that the compounds so separaied may
unite, and by so doing develop other forms
of energy, is by no means rave, but oceurs
with a mulfitude of substances, and is man-
ifestly a first step in the direction of that
sort of storage of electric energy which
consists in converting the active encrgy
of the current into some potential form of
energy, capable of indefinite preservation,
and of being veconverted into the actual
energy of the galvanic eurrent at will, It
remains fo be seen, however, whether this
last econverston is possible, and if so, iow
it can be carried out in a manner pracii-
cally useful. This part of the subject we
ean hest develop in a historie sequence.

Asg early as 1801 a I'rench investigator,
by name J. N. Gantherot, observed that
when wires of platinum orsilver had been
used as ferminals of a galvanie batiery for
the decomposition of water containing
some salts, they acquived the power of
yielding a galvanie current without the
aid of the battery, for o brief time,

Ritter’ of Jena, soon after, in 1803,
made a similar observation, and in foct
followed it up to the point of producing
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~whai he called a ‘“secondary pile.” This
e construeted of disks of copper and moist
paper aliernately, and he found that if its
«ends were connected for a time with a gal-
vanie battery, it would acquire the power
of producing by itself for a short time all
‘the effects of the ordinary galvanic ar-
rangement. '

Among other curious experiments, he
*galvanized' o coin by connecling its two
ssurfaces with the poles of o battery, and
sshowed that it would retain ihe power of
‘producing certain galvanic effectsformany
minutes.* :

Neither of these experimenters seems to
Thave understood the trie nature of the
reactions which he observed and studied.
Ritter, who gave much attention to the
subjeet, regarded it as a mere charging
- —with electiicity, similar to that observed
with the Leyden-jar. The error of this
view was pointedl out and proved exper-

dmentally by 8. Marianini, Professor of

Physics and Mathematics in the ** Liycée”
«of Vienna, who showed that the result
-was due neither to the action suggested
Ly Ritter, nor to the polarization of the
fuid between the plates, as suggested by
Volta,t but to o polavization of the metal-
- lie plates of the secondary battery. This
memoir is printed in the Annales de Ply-
.stque et de Chimie, 1828, vol. xxxviil,, pp.
5-40. . .
. Meantime the tlieory and true nature of
:the action of & galvanie enrrent on a liquid
.conductor had heen discussed by Grotthust
in 1808, by Sir Humphry Davy§ in the
:same year, De In Rivefl in 1825, and in
1833 Favaday established what arve Imown
:as his laws of electrolysis.
In one or ancther of these memoirs the
true character of the actions faking place
An Ritter's secondary baitery was more or

* Nicholton's Jouwrnal, 1804, vol. vii, p. 288;
-vol. xii., p: 99. dWoch's Philosophical Magazine,
1805, vol. xxiil, p. 84 Bullelin des Seiences, Oc-
tober, 1803, no, Ixxix., p. 145, Journal der Chimid
sund der Physik, of Van Mons, March, 1803, ne. xvii.,
p.183, - . -

+ Voltw’s article, Annales de Chimie et d'Iistoive
Naturclle de Brugnatcli, vol. xxii., p. 16,

‘i1 Grotthus's memoir on decomposition of water
:and bodies lield in solution, Arnaizs dz Chimie, vol.
Iviii,, pp. 64743 also, Philosophical Magazine, vol.
xxv.,, pp. 330-380, ¢ )

§ Prilosophical Transactions of the Royal Society,
1807, pp. 1-5G. : .

[ De la Rive. Somc phenomenn presented by
—voltaic eleetricity in liquid conductors, _dnnales de
Chimio et do Physigue, vol. xxvill, p. 100. Also
Luarterly Journal of Seience, vol, xix., p. 340.

less fully developed. Itwasnot, however,
until Grove, in 1839, began his researches
on the *‘ gas battery” that the subject was
thoroughly investigated, and the correct
theory fully demonsfrated,

In o postscript dated January, 1839, to
3, letter addressed to the editors of the Lon-
don and Edinburgh Philosophical Muga-
zine,* the distinguished lawyer and scien-
tisk 'W. R. Grove described an avrange-
ment whieh corresponds exactly with the
voltameter shown in the Jast fgure, but
which was operated in the’following man-
ner: The two platinum wires were con-
nected through a galvanemeter (an in-
strument fo measure galvanic currents),
and then the glass tubes, in place of being
filled with water, were filled one with ox-
ygen and the other with' hydrogen gas,
and were then lowered over the platinum
wires. As soon as the gases reached the
wires a strong galvanic curventwas shown
by the galvanometer, and continued for
dnys. The gases slowly disappeared, and
the current ceased when they nd longer
reached the platinum wires. Fere mani-
festly was a galvanic baflery utilizing the
potential chemical energy of oxygen and
hydrogen gases to develop a curvent of
active electric energy.

In a letter addrvessed to one of the ed-
itors of the same journal, and dated Octo-
ber 29, 1842, Grove details further oxperi-
ments with such a gas battery made with
certain improvements in construction, and
among other things shows that a series of
such batteries will decompose water in g
voltameter such as we have above de-
seribed, and draws attention to the re-
mavkable circumstance that in this case
oxygen and hydrogen, by their combina-

.lion in one place, ave furnishing the ener-

gy to decompose water into .oxygen and
hydrogen at another,

In the Philosophical Transaciions. of
the Royal Society for 1843, pp. 91-112,
Grove gave a detailed account of numer-
ous experiments with various forms. of
his gas battery, of which in its most con-
venient form of construction Fig. 3 will
give a good idea. ) 5 °

The jars M M contain water mixed with
a little sulphuric acid, in these are sup-
ported glass tubes closed at the fop by
closely fitting brass caps cemented to them,
from which hang strips of platinumn coat-

% Philosophical Magazine 1839, vol, xiv,, Third
Series, p. 125, : o
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Fi6. 3.—Grove's G4s Barresy.

ed with the same metal in a sfate of fine
division obtained by electrolytic deposi-
tion in a solution of chloride of platinum.
The tubes are filled alternately with hy-
drogen and oxygen gases, as indicated by
the letters H and O.

The elements, or platinum plates, are
connecled alternately in the several cells
by wires, the element hanging in the oxy-
gen of one cell or jar being connected with
that hanging in the hyydrogen of the next.
In spme of his experiments Grove used
fifty or more of such cells.

The action which fakes place in these
cells is as follows: The hydrogen in the
hydrogen tube is o a certain extent ab-
sorbed by the platinum strip, and then, in
consequence of certain confact actions
svhich it would oceupy too much place
here to describe, this absorbed hydrogen
scquires an exalted affinity for the oxygen
of the adjacent water, which it combines
wvith, just as does the zine in an ordinary
galvanie battery.

The hydrogen thus displaced from the
adjacent water molecule travels by a se-
ries of interchanges through the mass of
liquid to the oxygen tube, where it finds
oxygen, likewise in confact with plati-
num, with which it combines to form wa-
ter. This is precisely analogous to the
- action in many forms of ordinary galvan-
ic batteries, and,.as in them, the electric
current travels in the same direction as
the hydrogen.

Afier what had been slready. done by
Gautherot, Ritter, and others, it was of
course perfeclly manifest that in place of
filling up these tubes with hydrogen and

oxygen gases from reservoirs of the same,
they might be filled by passing o galvanic
current through them from a battery, ex-
actly as if they were so many voltame-
ters. :

If this were done, the resnlt would be a.
storing of electric energy in the sense that
we have already explained, namely, a.
conversion of electric energy into poten-
tial chemical energy under conditions
which would allow of & reconversion at
any time. ‘

Such a ‘‘ gas battery™ as we have above
described was, however, a relatively fee-
ble source of electric power, and would
have no practical advantage over an or-
dinary galvanic battery for any of the uses:
to which such an apparatus is generally
applied.

The first important step in the develop-~
ment of a storage baftery on the principle
involvedin Ritter’s experiments, and fully
developed in those of Grove, was made in.
1859 by Gaston Planté,

SECONDARY BATTERY.

In the Comples Rendus of the Frenclhe
Academy, vol. 1., p. 640, appears one of the:
earlier formal accounis of Plantéd’s la-
bors, and from that {ime to this various:
notices of his work are to be found in the:
scientific publications.

In 1879 he published a book entitled!
Recherches sur UElectricité (Pavis: A,
Fournean), which contains a full account.
of all that he hias done. A pood abstract.
of this book will be found in Gordon’s:
Llectricity, vol. ii., p. 140 et seq.

The chief results of Planté’s investiga-
tions are the following: His secondary
batteries consisted ench of two sheets of
leadl about three feet square, kept apart
by & sheet of felt or sev-
eral narrow strips of
gutta pereha, and rolled
up into a cylinder, and
immersed in a jar or
other vessel filled- with
dilute sulphuric acid.
Fig. 4 shows the ap-
pearance of one of these
celis. Conductorspassed
ouf from cach of these
plates, and were con-’ 4
nected as ocecasion ve- =i
quired. :

In order to preparve
this battery for use it w4 4 Prawes
was found desirable to, CELL.
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“treatit in & manner which brou ght it more
rapidly into the condition it would other-
wise arrive at after prolonged use. To
accomplish this it was frst repeatedly
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Fig. 5,—Bartery of Pranté Oenis.

charged alternu,telym opposite divections;
then  charged and allowed to stand for
some time; discharged, and chalgedngam
The reason of this treatment will be mani-
fest pr esently.

- The charging is effected by connecting
the fwo plabes with the erminals of an
ordinary ba.f:tery of two or three Grove or
Bunsen cells in series for some time, when
the one piate becomes coated with perox-
ide of lead, and the other with pure me-
tallic lead.

The repetition ancl reversal of bhe ac-
tion eauses a penetration of the spine into
the substance of the plates, thus sceuring
the formation of a;larger amount of per-
oxido of lead on the one sur face, and of a
spongy layer of metallic lead on the other.

When the battery is charged, which
means that as much as is possd)]e of per-
cxide on one surface and metallic lead on
the other is deposited, the charging bat-
tery is disconnected, and the secondary
battery is ready to go into action when-
ever its terminals arve connected by a con-
duecter,- -

It Lheu»opemtes like any other batter;
the metallic lead on the one side combin-
ing with. the sulphuric acid to form sul-
phate of Jead, while the liberated hydro-
gen is combmccl by the oxide of lead on
the other plate into water, the oxide being
thereby reduced to its lower form, which
then combines to 4 greater or less extent
with the sulphuuc acid present fo form
sulphate ‘of lead. : When by this means
both plates have been reduced to & nearly
identical condition, the action ceases, and
the batteryis ¢ t'hschal rged,” or becomes in-

capable of yielding any.further eurrent,
until by afresh application of the charging-
battery the Iead sulphate on one plate is.
reduced again to metallic lead, and on the
other is oxidized into peroxide of lead.

It is manifest that the *Sstorage eapaci-
ty" of such a battery will depend largely
upon the thickness of the layers of perox-
ide and of spongy metailiclead which arve
formed on its plates, for thie thicker these
layers, the more chemical action will they
develop in being reduced to sulphate, and
the more electric action will they absorb-
in being changed back again intp oxide
and metal respectwely "Hence the re-
peated. reversed charging employed by
Planté in preparing his cells.

A very simple and inpenious method of
saving the loss of time and energy in-
volved -in fhis preparation has been ve-
cently- devised by M. Camille Faure. He
coats both piates, before rolling them up,
svith a paste of red lead and sulphurie
acid. This red lead is Iargely converted
into sulphate of Iead by the action of the
acid mixed with it and present in the bat-
tery. Then on the first action of the
charging current the sulphate of lead on
one plate is reduced to a sponge of metal-
lic lead, while that on the other is ox-
idized into peroxide. This is the only
difference between the ‘f secondary bat-
tery” of Planté and the “storage battery”
of Faure, Both operate on the snme prin-
ciple and in the same way, with probably
some considerable improvement in effi-
ciency (7. e., capacity) in. the Faure ar-
rangement. Both batteries are fréequent-
Iy made in the form of numerous flat
plates covered with someé ‘woven fabri,
and paclced near togetheér in a rectanpu-
lar box filled with dilute acid. The sole
novelty in the FMaure device is in the use
of a porous conting of decomposable sub-
starice, by which a thick layer of active

| material can readily be obtained on both

plates of the battery. ,

The general appealance of the Faure
cells as they are
now constructed
for industrial
use is shown in
the accompany-
ing wood-cuts.

I'ig. 6 shows a
single cell in 2 .
rectangular glass
jar, and Fig. 7 a
seriesofcellscon-

1o, 6.—A Favhe Cetn.
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mecfed for use, and made with boxes of
wood impregnated and heavily coated
with an asphalt varnish' which enables
ihem to withstand the action of the acid
solution whick fills them. Theweight of
2 single eell of this battery is about nine-
ty to one hundred pounds.

The. great inferest which they have ex-
«cited at the present time comes largely
from two causes. Tirst, the enormous
improvement in. dynamo-eclectric ma-
chines, by reason of which electric cunr-
rents can be supplied at a small fraction
of what they used to cost when they were
-obtained only from galvanic batteries;
and secondly, the great need developed,
in the attempts to apply the chieap electri-
-cify furnished by dynamo machines to
various uses, for some means of storing
* -the electric force either actually or prac-
‘tically,

In order that this desived resulf should
be obtained in a way commereially valu-
able, several conditions must he fulfilled:
1st, the storage must not involve any great
loss of energy in the charging; 2d, the
:stored energy should be retained with little
loss; 3d, the cost of the storage apparatus
should be moderate; 4th, the apparatus
should be within moderate limits of bulk
and weight; and 5th, it should be endur-
ing, and not wear out so as to reguire fre-
«quent replacement.

The most interesting tests of the Fauve
battery, with a view of determining in how
far it fulfilled these conditions, were made
-at the Conservatoire des Arts et Métiers in.
Paris, by 2 committes of which M. Tresca
was president, and M3, Allard, Le Blanc,
Jubert, and Potfier were membors, An
extensive extract from the report of this
-committee to the French Academy will be
found in the Telegraph Jowrnal and Hlec-
trical Review, of London, for March 18,
1882, vol. x., p. 196.

Passmw by all details of the experiments,
we will only note the general facts and
zvesults. The battery experimented upon
«consisted of 35 cells weighing about 95

pounds each, or in all 3325 pounds, say 14
tons. It was charged by a Siemens dy-
namo-electric machine, which absorbed the
mechanical energy of 1.558 horse-power
during 22 hours 45 minutes, which would
be equal to ons horse-power for 35 hours 20
minutes, or in foot-pounds, 70,158,000. Of
this mechanieal energy thirty-four per
cent. was expended in useless work in the
machine and baltery during the operation
of charging, and sixty-six per cent. was
stored as chemiecal energy in the battery.
Of this stored energy sixty per cent. was
recovered as electric enerpy. This-would
amount to about 27,782,700 foot-pounds, o
one horse-power for 14 hours 4 minutes.

In other words, the actual work of one
horse for 353 hours, after being storad in.
13 tons of 'ba.ttery, could be recovered to
the extent of about 14 hours’ work of one
horse, or the equivalent of the same in
electric or other energy. Thus Ay, Edi-
son’s16-candle electric lamyps vequire about
one-sixth of a horse-power each, and there-
fore six of them could be run {for 14 hours
with the energy stored in this baifery as
above stated, M, Edison’s smaller lamps,
which give about eight candles each, or the
same light as an ordinary German sbu-
dent's-lamp, require but half as much pow-
er, and thus six of them could be run for
28 hours by this same battery.

This is, of course, not a high degree of
efficiency, buf, as the asbove-named ¢om-
miftee remark in their report, * In many
cases the loss would be fully counterbal-
anced by the advantage of having at hand
and entirely al one's chsposa.l 50 abundant
2 source of electrici '

The occasion of the losses e.\.peuenced
in the storage battery, and also the exact
character of the actions, chemieal and elec-
trical, which go on in i, ave very fully de-
velopecl in a paper on “The Chemistry of
the Planté and Faure Accumulattrs,” by
J. H. Gladstone and Alfred Tribe; in the
English journal Naiure, of Jauuzu'y 25
and March 10,1882, The main sources of
loss there shown are, first, local action be-
tween the negalive lead plate and the pex-
oxide of lead depoesited upon it, #and second,
the resistance of the oxide and sulphate to
the passage of the current, by reason of
which emergy is lost by being converted
into useless heat in the baitery both at
charging and discharging.

By so regulating the discharge-of the
batiery as to reduce this loss, and by giv-
ing seasons -of repose in which the battery
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** Yes, very important—very.” '

¢ (tood-by, then,” said his wife, cheer-.

fully, resting her hand on his shoulder
for n moment, as she stood beside his
chair, The Major drew the slender hand
forward to his gray mustache. :

“ e, Major! you spoil me,” said the
little woman, laughing,

She left the room, making, with her
light dréss and long curls, a pretfy pie-
fure at the door, as she turned to give
him over her shoulder & farewell nod and
smile. The Major kept on looking at the
- closed door for several minntes after she
had gone.

Not long after this the same door open-
ed, and a little boy came in; his step as
so light and his movements so carveful that
he made no sound. He closed the door,
and laid the boolk he had brought with
him upon a table. He was a small, frail
child, with a serious face and large blue
eyes; his flaxen hair, thin and fine, hung
in soft scanty waves round hislittle throat
—a throat which seemed too small for
his well-developed head, yet quite large
enough for his shork puny body. He was
. dressed in a blue jacket, with an embroid-
ered white collar reaching to the shoul-
ders, and ruffles of the same embroidery
af the lmee, where his short trousers end-
ed. A Dblue ribbon tied his collar, and his
slender little legs and feet were incased
in long white stockings and low slippers,
such as gre worn by little girls. His
whole costume, indeed, had an air of ef-
ferninaey ; but he was such a delicate-
looking little fellow that it was. not no-
ticeable. From a woman’s point of view,
he was prettily dressed.

He crossed the room, opened a closet
‘door, and took from o shelf two boxes,
which he carried to the table, making a
separate jonrney with each. He arranged

these systematically, the boek in the cen-

tre, & box on cach side; then he pushed
the table over the carpet toward the Ma-
jor's chair. The table was narrow. and
light, and made no sound, He moved
onward slowly, his hands, widely apart,
grasping ifs top, and he paused several
times to peer round the corner of it so as
to bring it up within an inch of the Ma-
jor's feet, yet not to touch them, This
accomplished, he surveyed the position
gravely. Salisfied with it, he nextbrought
up & chair for himself, which, while net
the ordinary high chair of a child, seemed
yet to have been made especially for him
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on account of his low stature. He drew
this chair close to the table on the oppo-
site side, climbed into i, and then, when
all was prepared, he spole. ‘I am quite
ready mow, papa, if you please.” His
slender little voice was clear and even
lilce his mother’s; his words followed each
other with slow precision. .

The Major woke, or, if he had not been
asleep, opened hiseyes. ‘Ah, little Scar,”
he said, **you here ¥*  And he patted the
child’s hand caressingly. Scar opened his
book. Then one of the boxes, which con-
tained white blocks with large ved letiers
painted upon them. Heread aloud from
the book a sentence, once, twice, Then
he proceeded to make it from memory
with the blocks on the table, working slow-
Iy, and choosing each letter with thought-
ful deliberation.

** Good—blood—can—not—Ilie,” he read.
aloud from his row of letters when the
gsentence was complefed, *“*I think that
is right. Your turn, papa.”

And then the Major, with almost equal
slowness, formed, after Sear had vead it,
the following adage: **A Drave father
makes a brave son.’ That’s you and T,
Scar.”

“*Yes, papa. And this is the next:
‘The—knights — are—dust.—Their—good
—swords—rust.—Their—souls—are—wiik
—the—saints—we—trust.’ That is too
long for one. "We will call it thyee.”

Tather and little son completed in this
slow way eight of the sentences the lit-
tle book contained. It was a smnll flat
volume in manusecript, the letters clearly
printed +with pen and ink, The Major's
wife had prepaved i, ‘‘from the Major's
dictation,” shesaid. *f A collection of the
fine old sayings of the world, which he
thinks should form part of the prelimi-
nary education of our son.”

“EBight. The lesson is mow finished,
papa,” said Scar. “*If you thinlk I have
done sufficiently <well, I may now nmuse
myself with my dominoes,” As he spoke
he replaced the lefters in their box, put on
the cover, and laid the manuscript bool
on the top. Then he drew forward the
second box, and took out his dominoes.
He played by himsell, one hand against
the other. ‘‘You will remember, papa,
that my right hand T eall Bayord and my
left Roland.”

*Yes,” answered the Major, looking on
with, interest. :

Roland won the fivst game. Then the



