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PREFACE TO THE SECOND EDITION.

——. O

In the present wholly revised edition, a large number of
important alterations and additions have been made, with
the view of giving an account of the numerous inventions
which have during the last two years been made in practical
electricity. .

The necessity of a second edition twelve months after
the publication of the first clearly shows the general in-
terest taken in the subject which is treated in this book ;
and, on the other hand, the necessity of dividing the book
into two volumes must be ascribed to the enormous progress
electrical appliances have lately made, and are making
daily and hourly.

As a practical illustration of this progress, I may mention
that this preface has been set up in type by a composing
machine which is worked by electricity.

In the first volume a considerable number of electric
generators and arc lamps have been added to those given
originally, and a better account of the incandescent lamps
will, I trust, be likewise acceptable. The descriptions and
illustrations of these additions are mostly taken from that
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excellent weekly publication, La Lumiere Electrique,-l for
the account of the Edison system I am  indebted to
Mr. Dredge’s book on Electric Illumination.

Chapter IV. of the first volume, containing the applica-
tions of electric light, is entirely new, and is also for the
most part taken from La Lumiere If}lectrz'que.

Part II. of the second volume, which treats of the
““ Various Applications of Electricity,” has been added
nearly in its entirety; as also the third part, which gives
an account of Marcel Deprez’s interesting researches and
successful experiments on electrical transmission of energy.

I have to thank Messrs. Crompton, Lane Fox, Lever,
McEvoy, Swan; the Brush Company, and the Pilsen and
Joél Company, for their great kindness in supplying me
with information and illustrations of their respective
apparatus ; and also the editors of the Engineer and the
Electrician for the loan of blocks illustrating the Edison
machine, Brown and Saunders’ telephone system, and the
Ferranti machine. I am also under great obligation to my
friend, Mr. J. E. Julian, of the Inner Temple, for looking
over the proofs.

CHFLTENHAM,
July, 1883.

! In addition to the Figures described in the text as having been taken
from La Lumiére Electrique, the following are also from the same source : —
Figs. 6, 54 to 62, 70, 71, 73, 74, 76 to 80, 86, 93 to 96.
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THE MODERN APPLICATIONS

or

ELECTRICITY.

PART 1.
THE SOURCES OF ELECTRICITY.

THE first electric phenomenon is mentioned by Thales of
Miletus, who observed, 600 B.c., that amber, after being
rubbed, acquired the property of attracting light bodies;
but Otto de Guéricke, towards the middle of the seven-
teenth century, was the first to observe the electric spark.

The identity of lightning and electricity was not
demonstrated until a century later, in 1752, by the
illustrious Franklin; and fifty years after that, Volta
inaugurated, by the construction of the electric pile, & new
era in the history of electricity, the field of which has been
so immensely widened during the last few years.

The whole of the eighteenth century is full of studies
and discoveries in statical electricity, and it was reserved
for Volta to lay the foundation of the numerous discoveries
in dynamical electricity. This distinction has almost dis-
appeared, and we shall see in the following chapters how
the so-called statical electricity is changed into dynamical
electricity, and vice versd.

From the point of view of practical application—the only

VOL. L , B

/7



2 THE SOURCES OF ELECTRICITY.

part of electricity which interests us in this work—the
electrical machines (friction machines, etc.) have given no
results, and the high-tension currents which they give have
only been used for amusing experiments, for lecture pur-
‘poses, and for purely scientific research.

We shall, therefore, not consider them, but refer our
readers to the treatises on elementary physics, where they
will find these phenomena described at length. We are
solely concerned with the different modes for producing
so-called dynamical electricity, and with its principal
applications.

Before proceeding to this, our special task, it will not be
out of place to say a few words concerning the modern
views on the nature of electricity itself.

Whatever may be the exact nature of electricity, it is
now regarded chiefly as a medium for the transmission of
force; or, more properly, of kinetic energy.

Some physicists regard electricity as a peculiar vibration
of what corresponds to the luminiferous ether (a highly
attenuated fluid pervading all matter). It is probable that
electrical induction is due to some such vibration. The late
Professor Clerk Maxwell has investigated the subject very
fully, his enquiries going far to prove that if electrical
induction is due to a vibration of the luminiferous ether
itself, the vibration is such, that the waves undulate in a
plane at right angles to those of light and heat.

An electric current is probably nothing more than the
actual transference of this “ether” through a conducting
material—that is to say, a material through which it can be
made to pass without meeting with any great resistance. The
difference between e]ectricitly and an electric current may be
likened to that between air at rest and air in motion. We
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very commonly talk of there being no air when the air is
only very still; but of course we know there is every bit as
much air, when it is still, as when it is in violent motion in
the form of a gale of wind. In the latter case, however, the
effects are very different, the air when in motion being
capable of exercising a very considerable pressure upon
whatever opposes itself to its motion. So it is with elec-
tricity. When at rest, it escapes our observation; when in
motion, it produces phenomena which are comparable in
magnitude and visibility to those produced by wind.
Electricity, indeed, may very well be conceived of as a
subtle fluid or'gas pervading all matter, and made apparent
to us only in its effects, when transferred from one thing to
another, and accumulated or set in motion.

This “fluid theory ” of an electric current satisfies every
known phenomenon, as does also the undulatory theory of
electric induction.

Classification of the Sources of Electricity..—Motion of
electricity, or the electric current as it is called, can be pro-
duced in various ways. All the apparatus used till now for
the production of the current can be divided into three
large, perfectly distinct classes, characterized by the nature
of the action which comes into play.

1. Apparatus in which chemical action is utilized, and
which directly transform chemical affinity into electricity.
These are galvanic piles, or galvanic batteries.

2. Apparatus which directly transform heat into elec-
tricity. These are thermo-electric batteries.

3. Apparatus which directly transform work into
electricity. These are electric generators; and they are
subdivided into magneto-electric and dynamo-electric
machines.
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We shall deal separately with these three distinct
classes of apparatus ; in a special chapter.we shall consider
those electrical apparatus which are not, properly speaking,
generators of electricity, but which impart to the electric
current particular properties by changing its relative
qualities.



CHAPTER 1
ELECTRIC BATTERIES.

WE can form a fairly accurate idea of a battery by comparing
it to a source of heat; for instance, the furnace of a boiler.
This source produces, by the combustion or chemical
combination of coal with the oxygen of the atmosphere,
heat, which raises a certain volume of the products of
combustion to & certain temperature.

The amount of heat produced by the combustion will
partly serve to produce a certain volume of steam at a
certain pressure.

The furnace of our boiler is nothing but the battery
itself; zinc is the fuel, dilute acid is the agent producing
combustion. By this combustion an electric current is
generated, having a certain tension or electro-motive force,
and a certain intensity, as vapour has a perfectly distinct
pressure and volume.

This crude comparison is on the whole fairly accurate ;
it enables us to understand the often complicated phenomena
connected with the battery, and renders, as it were visible,
facts whose theoretical explanation often presents great
obscurity. :

The simplest form that can be given to a battery is that
of a battery with a single liquid. An element consists in
that case of —

1. A vessel containing the acting materials ;
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2. A material to be acted upon (zinc is almost ex-
clusively used), forming the negative pole of the battery :.
the fuel ; '

3. A liquid, for instance dilute sulphuric acid: the
agent producing combustion ;

4. A plate not attacked by the acid—copper, carbon,
or platinum—which forms the positive pole on receiving the
electricity from the liquid by conduction.

F1g 1 represents a simple element thus constituted :
a glass vessel V; a zinc plate Z,
forming the negat.lve pole of the
battery; a liquid, water with ¢; of its
weight of sulphuric acid; and a copper
plate C, receiving by conduction the
polarity of the liquid in order to form
the positive pole. On connecting, by
a conducting wire, the two plates Z
and C, an electric current will circulate
through this wire.

This electric current can be simply
represented as a circulation of con-
tinuous electricity, going from the negative to the positive
pole in the interior of the battery, and from the positive to
the negative pole on the exterior by means of the con-
necting wires.

Let us for a moment put aside the secondary phe-
nomena produced in the interior of the simple element
which we have described, and examine the current
circulating in the outside circuit.

Tension, Electro-motive Force, Intensity of the Electric
Current, Resistance of the Conductor—When a zinc plate
comes in contact with the acid, a difference of electric

Fig. 1.—8imple element.
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tension is produced between them, constituting the electro-
motive force of the element.

The tension of the current corresponds to the pressure
which causes water to circulate through a conducting tube.
The analogy is complete, for the intensity of the current in
the circuit is analogous to the volume of water delivered by
the conducting pipe. The electric conductor forming the
outside circuit is nothing else but the conducting tube; this
conductor offers a resistance to the electric current as the
tube offers a resistance to the running of the water. There
are therefore, with regard to a given electric circulation,
three distinct characteristic elements—

1. The difference of potential (sometimes called tension),
the cause by which the electric current is established, and
of which, the electro-motive force is the effect. This latter
term is frequently used for difference of potential; this is,
of course, not strictly correct, it is a substitution of the
effect for the cause.

2. The volume of the current, its intensity, or the
quantity of electricity traversing any section of the circuit
in unit of time.

8. The resistance of the circuit, or the resistance which
the conductor opposes to the circulation of the current,
taking into consideration its dimensions and its nature.

Ohm’s Law.—The law which connects the resistance of
the conductor, the electro-motive force, and the intensity of
the current in an electric circuit, has been established
mathematically by Ohm, a celebrated German savant, in
1827, and experimentally by the French physicist Pouillet.

This law can be expressed very simply by the following

formula :— E
I = ﬁ
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where I represents the intensity of the current, E the electro-
motive force or difference of potential at the two extremities
of the circuit, R the electric resistance of the circuit.

This formula expresses: The intensity of a current in an
electric circuit is in direct proportion to the electro-motive
force, and in inverse proportion to the resistance.

We shall have to refer to this law on many occasions
in examining the sources of electricity and its applications.

Electrical Units.—We know that a current which tra-
verses an electric circuit of a certain resistance possesses a
certain electro-motive force, and a fixed intensity. To have
an exact idea of this current, we must measure its elements:
difference of potential, intensity, and resistance. The
measuring of electric elements is a very delicate and difficult
task, and is beyond our province, but we must say a few
words about the units which have been fixed upon after con-
tinued research, and have now been universally adopted.

In 1863, the British Association appointed a committee,
composed of the most eminent electricians of Great Britain,
to fix upon a standard for electric measurement. After
eight years of work, the committee published a very detailed
report, and fixed upon the electrical units, guided by con-
siderations upon which we cannot enter here.

The units- adopted by the English Commission were
founded on the centimetre, the gramme, and the second. They
are all derived from one another by definitions which are
sometimes of a very complicated nature, but which present
the advantage of clearly establishing these units, and allow
of their being fixed anew, in case it should be necessary.

But these units possess a still greater advantage over
the empirical units which were formerly in use. They
require no other coefficient of reduction but multiples of
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ten. The introduction of these coefficients of reduction

arises from the fact that the original units, to which the
committee has given the name of absolute units, were
rather too small for practice, which necessitated the use
of large numbers in calculation ; decimal multiples of these
units have been substituted for them, and these multiples
have been named after men celebrated in electric science.

The unit of resistance adopted by the committee is
the Ohm. It corresponds to the resistance of an iron
wire of four millimetres diameter and about a hundred
metres in length. In France, it was the custom—a custom
which is gradually disappearing—to count the electrical
resistance in kilometres of telegraph wire. The kilometre
of wire is equivalent to about ten ohms. In Germany, the
Siemens unit is used, represented by the resistance of a
column of purified mercury, one metre long and one milli-
metre square in section: it is nearly equal to the ohm.

The umit of electro-motive force takes the name of
Volt. It corresponds very nearly to the electro-motive
force generated by one Daniell element whose exact value
in volts is 1'079. The thermo-electric unit of Gaugain is
occasionally used, whose electro-motive force is ygy5 of a
volt, and 13+ of the Daniell element.

This is the electro-motive force developed by a thermo-
electric couple of copper and bismuth, one of the solderings
of which is kept at 0° and the other at 100° C.

This unit, now almost obsolete, has the advantage, from
a scientific point of view, of being very constant, and of
allowing at all times of a practical determination without
any difficulty. The use of the volt, however, although not .
representing a real standard, is preferred on account of . the
simplicity which it introduces into calculation.
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Unit of intensity. It is defined by Ohm'’s formula—
E

=3
and takes the name of Ampére. It used formerly to be
called Weber, and is the intensity of current which traverses
a conductor, whose resistance is one ohm, and whose electro-
motive force is one volt.

Unit of quantity. It takes the name of Coulomb, and
represents the quantity of electricity which traverses, during
one second, a conductor of one ohm resistance and a
difference of potential of one volt.

This enables us at once to establish the relation between
the intensity of a current and the quantity of electricity.
A current with an intensity of one ampere yields per second
a quantity of electricity equal to one coulomb. A current
with an intensity of t3v ampere will yield a quantity of
electricity equal to one coulomb in 100 seconds, ete.

The currents employed in telegraphy vary between five
and ten milliamperes; those which serve for the electric
light vary between one and fifty amperes; finally, in
certain electro-chemical operations, the intensity of the
current reaches 1000 amperes. It is most essential to
employ very powerful currents for these operations, because
the quantity of metal deposited is proportional to the
intensity of the current, that is to say, to the quantity of
electricity which passes during unit of time.

Joule's Law.—The law discovered by the celebrated
physicist Joule is expressed by the formula—

W =I'Rt.

The quantity of heat or of work W developed by an
electric circuit is proportional to the square of the intensity
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of the current I,to the resistance of the circuit R, and to
the time ¢.

This formula gives, on replacing R by its value taken
from Ohm’s formula—

W= IE.*&

The work is proportional to the intensity of the current
and to the electro-motive force. We find here again the
analogy with the flow of water, where the work is pro-
portional to the volume and to the pressure or height of
the fall.

Unit of capacity. It takes the name of Farad, and
represents the capacity of a condenser which contains one
coulomb of electricity when charged to the potential of
one volt. The quantity of electricity contained in a con-
denser is‘proportional to the electro-motive force, as in a
reservoir of compressed air the weight of the enclosed air
is proportional to the pressure, always supposing that the
air follows Mariotte’s law.

In practice, the farad is too large a quantity, and the
unit adopted is the microfarad, which equals 1golvow
farad.

We have, therefore, five electrical quantities and five
corresponding units: (1) electro-motive force, expressed in
volts; (2) resistance of the conductors, in ohms; (3) intensity
of the current, in amperes; (4) quantity of electricity, in
coulombs; (5) capacity of a condenser, in microfarads.

We can now enter upon an account of the electric
batteries, confining ourselves to the newest systems which
are most extensively used.

Classification of Batteries.—The batteries can be divided
into several perfectly distinct groups, although there exists
no absolutely rational and methodical classification—

[ ‘A\:m’\'/\/‘/?, Y o '/,\/W\L | A '



12 - THE SOURCES OF ELECTRICITY.

1. From the nature of the soluble electrode ; in practice,
however, this character has no importance, for in almost all
batteries zinc is used as the soluble electrode.

2. From the nature of the acting agent, which is some-
times an acid, generally sulphuric acid; acetic acid in
Pulvermacher’s battery; sometimes a salt like common
salt, sal ammoniac, mercuric sulphate, lead sulphate, ete.

3. From the nature of the depolarizing agent, which
can be copper sulphate, nitric acid, peroxide of lead,
peroxide of manganese; in some cases the depolarizing and
the acting agent form one single solution in the same
liquid, as for instance in Poggendorf’s battery, where zine
and carbon are immersed in a solution of potassic bichro-
mate and sulphuric acid.

We shall therefore examine these batteries in groups
of like nature, following the excellent classification of M.
Alfred Niaudet, in his Traité Elémentaire de la Pile
Electrique.

SINGLE-LIQUID BATTERIES.

Since Volta’s piles, a great number of single-liquid
batteries have been constructed: the crown of cups or
couronne de tasses, Cruikshank’s battery, Wollaston’s battery,
the spiral battery, Muncke’s battery, are only modifica-
tions of the fertile principle discovered by the Italian
physicist.

These apparatus are very little used now in practice, on
account of the rapid polarization of the elements. They
are described in almost all treatises on physics.

In certain single-liquid batteries copper has been replaced
by electrodes of other substances.
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In 1849, Mr. Walker used carbon electrodes; others used
iron as the unattacked electrode. od

In 1840, Smee recommended platinized platinum to
facilitate the generation of hydrogen bubbles. Walker
" replaced it, in 1857, by platinized carbon; in this form the
single-liquid battery is still very much used for the railway
service.

The negative electrode, or positive pole, in the single-
liquid batteries is nowadays coated with substances which
facilitate the generation of hydrogen or its combination
with oxygen to form water.

In other single-liquid batteries the nature of the liquid
has been varied. Hydrochloric acid has been used, but
without success.

Nitric acid has also been used, but this is too expensive,
and, like hydrochloric acid, gives off noxious vapours.
Pulvermacher has used acetic acid to excite his galvanic
chains. '

Independently of acid liquids, common salt has been
used ; zinc-carbon batteries and common salt are extensively
used in Switzerland for electric bells.

In his electric buoy Duchemin uses sea-water; in
Bagration’s battery sal ammoniac is used, and in Stéhrer’s
battery a solution of alum.

Whatever may be the chosen liquid and electrode—
and the number of these combinations is, so to speak
unlimited—it is very doubtful whether we shall ever
again return to them, having at our command batteries
with depolarizing mixtures, some of which we are going to
describe.

Polarization of Batteries, Batteries with Two Liquids.—Let
us take again our simple element, Fig. 1, which consists of
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a zinc plate, a copper plate, and water with sulphuric
acid. If we close the current of this battery on a galvano-
meter, we produce a deflection of the needle which
will gradually decrease till it becomes almost imperceptible

under certain conditions. This decrease of intensity of the

current, whatever may be the causes which produce it, is
called polarization.

The polarization of the battery depends upon the
following principal causes:—The impurity of the zine,
by creating small secondary couples in the midst of the
zine itself, is a cause which tends to diminish the electro-
motive force of the couple. Mr. Kemp proposed in 1839
the use of amalgamated zinc to counteract this cause; and
at the same time Mr. Grove read a paper before the
Academy of Sciences to explain the importance of amal-
gamated zinc in batteries. Nowadays the zinc of all bat-
teries is amalgamated. The weakening of the liquid by
chemical action tends also to weaken the current, partly
by the weakening of the chemical action, partly by the
increase of the resistance which the liquid opposes to the
passage of the current.

The deposition of zinc on the copper by the current also
tends to diminish its intensity, because the copper, coated
with zinc, and acted on by the acid of the element, produces
a new current in an inverse sense to the original one.

But the most powerful cause of polarization is the
deposition of hydrogen on the copper.

The oxidation of the zinc and its transformation into
zinc sulphate produce a certain quantity of hydrogen,
which is deposited on the electro-negative plate (copper,
platinum, or carbon). This deposition of gas on the copper
plate opposes a material obstacle to the transmission of the
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current by the bubbles of gas. On the other hand, this
hydrogen forms, with the oxygen given off at the other
electrode, a sort of gas battery, and in consequence an electric
flow in an inverse sense to the former. A theoretically
perfect battery, in which we could do away with all these
causes of polarization, would yield a constant current, and
would really deserve the name of constant bt;.ttery.

In practice this name is given to all those voltaic com-
binations which have for their aim the prevention or
diminution of the deposition of hydrogen on the electro-
negative plate. We shall see, on reviewing the batteries
actually in use, the different ways in which this desideratum
is more or less realized.

Theoretioal Conditions of a Perfect Battery.—The follow-
ing are, according to Mr. Fleming Jenkin, the essentml
conditions which such a battery must fulfil :—

1. It must possess a great electro-motive force.

2. It must have a feeble and constant interior resistance.

3. Its electro-motive force must be constant, whatever
the intensity of the current produced may be.

4. The materials used must be inexpensive.

5. The battery must not consume anything when it
produces no current, that is, when the circuit is not closed.

6. It must be so arranged that we can easily verify
its condition and working, and add fresh materials when
required.

No known battery realizes all these conditions in the
highest degree. The special exigencies in each case must
determine the choice of a suitable element for the intended
purpose.

Two-Liquid Battery with Copper Sulphate.—The use of
copper sulphate or nitrate as a depolarizing agent was first
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recommended by Becquerel in 1829 after long and numerous
experiments. The results obtained were very satisfactory,
and he has always used these solutions.

It was not until 1836 that Daniell invented the bat-
tery which is called after him. Becquerel's and Daniell’s
batteries only differed in the nature of the porous cell,
which was of gold-beater’s skin in Daniell’s, and of kaolin
in Becquerel's, for which have been substituted porous cells
of pipe-clay.

The arrangement of the Daniell element is well known ;
we need not refer to it again. Its electro-motive force is,
as we have seen, 1079 volt, when the sulphuric acid is
diluted with four times its weight of water; and its interior
resistance varies, according to the size of the elements, their
condition, etc, between one and twenty ohms. Some
medical batteries, however, which, for the convenience of
transport, must be of small dimension, have an interior
resistance of 100 or 200 ohms.

The Daniell battery is constructed in many different
styles; we know it in the form of flasks, as batteries
with copper outside, and as trough batteries. Daniell’s
trough battery, constructed by Mr. Muirhead, is very
much used, and the Post Office authorities have more than
twenty thousand in use for telegraph service.

M. Carré has constructed a Daniell battery in which
the porous cell was replaced by a cell of porous parchment
paper, which considerably diminished the interior resistance
of the battery, sixty elements of which were sufficient
for the electric light. This is the first instance of the
Daniell battery being employed for such a purpose, where a
current of a certain intensity is required.

M. Minotto of Venice has invented a sand battery,
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which is very much used in Italy and in India. The
separation of the two liquids arises from their different
densities; zinc and copper are formed into two fat
horizontal discs, the copper underneath. The copper sulphate
is separated from the sand by a sheet of blotting paper or
a piece of cloth. This battery offers a great interior resist-
ance, but renders excellent service in telegraphy.

Trouvé's Moist Battery.—This is a Daniell battery, pos-
sessing the great advantage of acting without a liquid ; the
liquid used for the moistening of the elements can be
poured out, or runs out of its own accord.

The elements of this battery are constructed in the
following manner:—A round zinc disc Z (Fig. 2), and a
copper disc C, are placed parallel to one another, and are
separated by a pile of paper discs of a somewhat smaller
diameter.

This mass of paper can absorb much water, and remains
moist for a very long time, especially under conditions
which we shall mention below.

The lower half of the paper discs is soaked in a solution
of copper sulphate, the other half in a solution of zinc
sulphate.

It will be seen that we have here all the constituents
of an ordinary Daniell battery, in which the two liquids
remain much more effectually separated than.in porous
cells.

The copper disc is supported in the centre by a rod
insulated from the paper and zinc discs ; it reaches beyond
the slate cover fixed at the top of the glass or ebonite
vessel in which the element is placed to shelter it from
currents of air, and from dust. The border of this vessel is
rough, and the slate well adjusted ; the element is thus con-

VOL. I c
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tained in a hermetically closed space, and consequently pre-
served from evaporation.

Thus constructed the element acts for more than twelve
months without requiring any looking after.

After a longer or shorter time, according to the amount
of work done by the battery, the copper sulphate is
reduced, and the battery ceases to act; it must then be
recharged, which is an easy operation, only requiring a
little care. It consists in dipping the lower part of

Fig. 2.—Trouvé’s moist battery, Fig. 3.—Trouv¢’s battery for
military telegraphy.

the element into a hot solution saturated with copper
sulphate. This solution is prepared in a copper basin made
for the purpose; it rises up to a certain level, and the cover
of the element fits on to the edge of the basin, so that the
paper is impregnated up to the desired height. As re-
gards the zinc sulphate, it is constantly formed by the
action of the battery, and therefore never needs to be re-
placed. The zinc itself is dissolved, and must be replaced
after a certain interval; the paper is renewed at the same
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time. The copper on the contrary, when freed from the
copper deposited on it in form of a powder by the action of
the current, serves for an indefinite time, like the other
parts of the battery.

The principal advantage of this new arrangement, in-
vented by M. Trouv, is the almost complete suppression of
the interior work of the battery when the circuit is open.
We may say of a Daniell battery which gives no current
that it is a horse in the stable—which means, it consumes
without producing; this is the only, but very grave
objection to an ordinary Daniell battery.

This inconvenience does not exist, so to say, in Trouvé’s
moist battery, because there the liquids cannot easily mix,
owing to their different densities.

Fig. 4.—Callaud’s battery, after Trouvé’s model.

Callaud’s Battery.—The method for the separation of the
two liquids of the Daniell battery, by means of their
different densities, was found simultaneously by Callaud in
France, and Meidinger in Germany.

The Callaud battery has received several modifications
in practice. We will describe here one of these modifica-
tions now very much in use.
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Callaud's Battery, after Trouvé’'s ModelL—This battery is
very simple and inexpensive. The glass vessel is only
twelve centimetres high, and seven centimetres wide. The
zince rests on the border of the vessel by means of three
spouts, or folds, made with a pair of pincers (Fig. 4). A
flat spiral of copper wire ends in a vertical piece rising
in the centre of the vessel, and protected by a small glass
tube. The connection of the elements is effected by means
of a small coil which terminates the copper wire soldered
to the zinc, and into which fits the copper wire, forming
the electrode-pole of the following element.

Four Callaud-Trouvé elements, arranged in a little box,
are sufficient to charge and keep charged the secondary

¢ f
Fig. 5.—Dr. Onimus’ battery: details of an element.
batteries of M. Gaston Planté, of which we shall speak

in Chapter IV.

Onimus’ Battery.—Dr. Onimus’ battery is another
Daniell battery more especially arranged for medical
application of continuous currents. It consists of an
exterior glass vessel A, enclosing a small zine cylinder Z
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(Fig. 5), and a copper rod ¢ terminating in a copper plate e.
A glass tube B, open at both ends, is placed in the centre
of the vessel, and closed at its lower extremity f by gun-
wadding, calibre 24, which can easily be replaced if necessary.
The tube B contains crystals of copper sulphate. The
wadding acts the part of a porous cell. ‘The battery is
charged by pouring water into the vessel and the tube up
to the height  y. A current is established after a few
hours, and the battery works regularly for several months,
and only requires a few drops of water and some sulphate
crystals to be added at rare intervals.

The advantages of this battery for medical purposes are

‘Fig. 6.—8ir William_Thomson's battery.

its great constancy and feeble chemical action, for the solution
of copper sulphate penetrates but little through the wadding.

No mixing of the liquids takes place during transport,
and it suffices to remove the small tubes containing the
crystals of copper sulphate, in order to arrest the action
of the battery, for then the liquid sinks to a lower level, and
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the zincs are out of contact. On replacing the tubes in
the vessels the battery acts as before.

8ir William Thomson's Battery.—This battery, shown in
Fig. 6, has a very large surface, and is composed of wooden
troughs A lined inside with lead. The copper plate C is at
the bottom ; the zinc, in the form of a grating Z, rests on
wooden brackets ; the zinc and copper plates are thus close
together. By placing seven or eight of these elements one
above the other a powerful battery is obtained, applied by
Sir William Thomson to the siphon recorder.

SULPHATE BATTERIES.

Batteries have been constructed in which the copper
sulphate and the copper plate are replaced by the plate of
another metal and the corresponding sulphate; but these

Fig. 7.—Trouvés hermetical battéry.

apparatus have on the whole no practical interest. Thae
most important is Marié-Davy’s mercuric sulphate battery.
The copper sulphate is replaced by mercuric sulphate, and
the copper plate by a piece of carbon. The chemical -
action is analogous to that of the Daniell, except that the
mercuric sulphate is nearly insoluble. Mercuric sulphate
batteries have also been used without porous cells, and in
Trouvé's reversible battery it is the solution of the mercury
"which forms at the same time the depolarizing and the
acting agent.
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Trouvé's Hermetical Mercuric Bisulphate Battery.—The
battery, represented in natural size (Fig. 7), consists of
a zinc-carbon couple, placed in a hermetically closed
ebonite case. The zinc and the carbon only occupy the
upper half of the case; the other half is occupied by
the exciting fluid, which is a solution of mercurous
sulphate.

As long as the case is kept vertical, with the zinc at
the top, the couple will not plunge into the liquid, and no
electricity is generated. On reversing the case the zinc and
the carbon are immersed; a current is produced immediately,
which ceases at once when the case is replaced in its former
position. Hence the name of reversible battery. Trouvé
has applied it to several induction apparatus, to his electric
explorer, and to his little electric trinkets. (See Tissandier,
Récréations Scientifiques, Bibliothéque de La Nature.)

Messrs. Gaiffe and Ruhmkorff also use mercuric sulphate
batteries with a single liquid to incite the induction coils
of their small medical pocket apparatus.

Lead Bulphate Batteries.—Lead sulphate was used for
the first time by Becquerel, then in 1860 by Marié-Davy,
who gave to the element the form of a Daniell battery
without Sir William Thomson’s porous cell. Becquerel
restored afterwards the ordinary Daniell form.

These batteries are no longer used now on account of
the enormous interior resistance of the elements.

AciD BATTERIES.

The first battery with nitric acid as depolarizer dates
from 1839, and was invented by the eminent physicist
Grove. In Grove's battery the negative electrode, or
positive pole, consists of platinum foil immersed in a
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porous cell, which contains concentrated nitric acid. Grove
had proposed to replace the platinum by wood charcoal or
graphitoidal charcoal deposited in gas retorts; but he did
not follow up this idea, which was taken up again in 1843
by Bunsen, of Heidelberg.

All the Bunsen batteries constructed till 1849 were
made with hollow carbon cylinders, placed with the acid in
the exterior cylinder, and the zinc placed in the interior of
the porous cell.

In 1849, Archereau first used prismatic carbon, which he
placed in the porous cell, while he placed rolled zinc in the
outside vessel. The battery which is universally known
under the name of Bunsen battery, is therefore really the
invention of Archereau.

The Bunsen battery has since undergone a number of
modifications, which however have not succeeded in sup-
planting Archereau’s original invention. Ruhmkorff how-
ever has constructed a Bunsen battery with flat elements,
possessing two advantages—a small interior resistance,
owing to the close neighbourhood and the large surface of
the electrodes, and a small volume of nitric acid on account
of the narrowness of the porous cell, where the carbon, in
form of a thick prismatic piece, occupies about one-third of
the space.

Tommasi has also modified Bunsen’s battery with the
idea of doing away with the nitrous vapours, and thus
rendering the apparatus fit for domestic lighting. We are
still waiting for the fulfilment of these handsome promises.

Chloric acid has also been tried as a depolarizer, as well
as chromic and hydrochloric acids and aqua regia, etc.; but
these batteries have not answered in practice, and have not
reached beyond the state of laboratory experiments.
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OXIDE BATTERIES.

The depolarization in a battery being effected by the
oxidation of hydrogen, this result can be obtained by using
oxides which are easily decomposed.

De la Rive employed peroxide of lead and peroxide of
manganese more than thirty years ago, but his batteries
were never used in practice, and had been forgotten, when
Leclanché
is now ext«

Fig. 8.—Leclanché's manganese dioxide battery.

Leclanché's Manganese Dioxide Battery.—An element of
this battery is represented in Fig. 8. The exterior glass
vessel is square: this form has the advantage over the
round form of saving space when enclosed in a box; in
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other words, & less cumbrous battery is the result. This
vessel is provided with a neck of nearly the same dia-
meter as the porous cell ; so that the vessel is almost closed,
and the possible evaporation of the liquid considerably
diminished. This neck has a spout for the introduction or
removal of the zinc, and is also convenient for the emptying
of the liquid contained in the vessel.

The soluble electrode consists of a simple cylindrical rod
of zinc, one centimetre in diameter; in the upper part of
this zine rod is a small central hole, into which is soldered a
galvanized iron wire. This electrode-pole isat the same time
flexible and solid ; it can be formed into a spiral cylindrical
coil, and is thereb'y rendered elastic, which is often desirable.

The porous cell has, a3 we have said, nearly the same
diameter as the neck of the exterior vessel; it contains
about equal quantities of manganese dioxide and gas carbon.
In the centre of this mass is a carbon plate, with a piece of
lead at the top; & brass button is screwed into the lead, and
is connected with the negative electrode-pole of the following
element.

The outer vessel is half filled with a solution of am-
monium chloride in water. The liquid penetrates after some
time into the porous cell and the substances it contains.

The mixture of manganese dioxide and carbon is covered
over with wax or melted resin to protect it in transport. A
hole is made in this coating, through which the air can
escape, when the water penetrates into the porous cell

There is no chemical action in Leclanché’s battery till
the circuit is closed. Its electro-motive force varies be-
tween 14 and 15 volt. In the model of fourteen centi-
metres height the resistance varies between five and six
ohms,
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It contains no poisonous substances; gives off no acid
vapours, no appreciable smell; the substances used are
cheap, and resist the most intense cold. This battery is
very much used in telegraphy, for electric bells, and is now
in general domestic use. The depolarization obtained by the
manganese dioxide is not complete, and with a short circuit
the electro-motive force decreases rapidly. But it depo-
larizes very rapidly with the open circuit. In the case of
intermittent service, as for instance electric bells and tele-
graphs, the polarization is imperceptible.

Leclanché has constructed a new battery, in which the
porous cell is replaced by a mixture of forty parts of
manganese dioxide, fifty-five of carbon, and five of gum-
lac exposed to a pressure of three hundred atmospheres
at 100° C. The contact of the zinc rod and the cylinder
is prevented by placing two very prominent indiarubber
rings on the zinc rod.

For electric bells, Leclanché’s batteries can be used four
or five years without any other trouble than to add from
time to time a little water in the outer vessel, to replace the
water lost by evaporation.

Clamond and Gaiffe's Sesquioxide of Iron and Sal Am-
moniac Battery.—This battery differs from Leclanché’s only
by the substitution of sesquioxide of iron for manganese
dioxide. When the circuit is closed, the ammonium chloride
attacks the zine, and forms with it a double chloride of
ammonium and zinc; the liberated ammonium acts upon
the sesquioxide of iron, decomposes it, takes up part of its
oxygen, and is given off as free ammonia. '

This element, represented in Fig. 9, consists of a glass
vessel, a porous carbon prism C, containing sesquioxide of
iron in its pores, and a ring of amalgamated zinc Z. A
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cork, made of mastic, closes the vessel, and prevents the
evaporation of the ammonium chloride solution.

The electro-motive force of the couple is 12 volt; it
has the advantage of not being used up when the circuit is
V open. The depolarizing
body can, during the
time of rest, take up the
oxygen which it has lost
during the time of action.
Its action is unlimited,
on condition that it is
not overworked, and that
the zinc and ammonium
chloridearereplaced from
time to time. It can be
used for medical batteries

with a continuous cur-
rent, for electric bells,
Fig. 9.—Clamond and Gaiffe's battery, 214 for house telegraphy,
but from its enormous
interior resistance it is but a feeble source of electricity.
With larger dimensions it can be used for railway telegraphs

and medical induction apparatus.

CHLORIDE BATTERIES.

In these batteries the depolarization is effected by
chlorine instead of oxygen.

We only mention Daniell’s platinum chloride battery,
which, of great value from a theoretical point of view, would
be too expensive in practice.

Warren de 1a Rue'’s 8ilver Chloride Battery.—Marié-Davy
was the first to use silver chloride as a depolarizing agent
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in 1860 ; but Warren de la Rue has used it in his battery
since 1868, and the improvements effected by him are the
result of his investigations on high-tension currents.

Fig. 10 represents the whole of a group of ten elements,
mounted ready for action, and Fig. 11 the different parts
constituting each element.

The outer vessel is a cylinder, thirteen centimetres long
and three centimetres in diameter; the soluble electrode is a

Fig. 10.—Warren de 1a Rue’s battery.

zine rod not amalgamated (a rare exception from the general
use of amalgamated zinc). Warren de la Rue employs, in
preference, zinc from Vieille-Montagne, on account of its
superior quality. A small silver strip, which forms the
positive pole of the following element, fits into a hole
made in the upper part of the zinc rod; the contact is
assured by a small brass pin C, of slightly conical shape.
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The second electrode is formed by a silver ribbon sur-
rounded by a cylinder of silver chloride. This silver
chloride-stick is placed in a little cylinder of parchment
paper A, to prevent accidental contacts.

The liquid is a solution of twenty-three grammes of am-
monium chloride in one litre of water. The outer vessel is
closed by a paraffin cork, one of the best insulators known,
and which, in virtue of its anti-hygrometric properties,
prevents the water which
might be spilled on its
surface, from spreading,
and thus causing a devi-
ation of the current.

The action is very
simple: The zinc dis-
solves, and replaces the
silver in the chloride ; the
silver resulting from the
decomposition is deposited

in the form of a porous
substance, first on the
surface, and then gradu-
Fig. 11.—Details of un gft';‘;';f of Warren 4]]y in the mass of the
silver chloride. This bat-
tery gives rise to no local action, as long as the exterior
circuit is not closed. This is very important in experi-
ments of short duration, repeated at long intervals. Although
this is a single-liquid battery, it must be remarked that the
acting agent, chloride of silver, is a solid body, which is
not dissolved in the liquid in contact with it, but supplies
the chlorine necessary for the solution of the zinec.
The electro-motive force varies between 1 and 107 volt ;

Z ApllL
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its interior resistance depends upon the time of action and
the dimensions of the element. In the model which we
have just described, the resistance varies from 27 to 43
ohms. Warren de la Rue has 11,000 elements of this
battery, which enable him to make the most interesting
experiments on the electric spark, the description of which,
however, does not come within our scope.

Gaiffe also uses the silver chloride battery for con-
tinuous currents and for medical induction apparatus. His
elements are of very small dimensions, and are kept in her-
metically closed ebonite boxes, with covers to screw on.

Duchemin proposed, in 1866, the use of iron perchloride
as depolarizer, but there is only an incomplete depolariza-
tion effected in the element, and the zinc is soon covered
with non-conducting deposits.

Marié-Davy has tried lead chloride, but the electro-
motive force of this element is feeble, and lead chloride is
rather expensive; the battery has, therefore, no special
advantage.

Niaudet's Battery with Bleaching Powder.—In Niaudet’s
battery, represented in Fig. 12, the zinc is immersed in
a solution of sodium chloride, and the carbon in a solution
of bleaching powder, which acts here the part of depolarizer.
The bleaching powder of commerce, used as bleaching agent
and disinfectant, is & mixture of lime, calcium hypochlorite,
and calcium chloride. The hypochlorous acid which it
contains is composed of oxygen and chlorine, which can
both unite with hydrogen to form water and hydrochloric
acid. This latter acts upon the lime, and produces calcium
chloride. The substances formed being all soluble, the
liquid remains clear. When the circuit is open, the zinc is
not acted on; there is, therefore, no waste.



32 THE SOURCES OF ELECTRICITY.

The electro-motive force of this element is 16 volt.
The bleaching powder possessing & very disagreeable smell,
the vessel containing the battery must be closed by means
of a cork coated with wax. The zine, with its bent end-
piece, is kept at a regular, very short distance from the
porous cell by means of small pieces of wood, squeezed

Fig. 12.—Niaudet’s bleaching powder battery.

between the zinc and the cell by two springs. By this
arrangement the zinc does not descend to the bottom of
the liquid, and the formation of local couples, which would
result in mere waste, is avoided.

BATTERIES WITH DEPOLARIZING MIXTURES.

We have examined in the preceding pages batteries
in which the electro-negative electrode (copper, platinum,
carbon, or silver) is surrounded by substances easily giving
off oxygen or chlorine, which combine with the generated
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hydrogen, and produce partial or total depolarization.
Another method consists in surrounding this electrode by
two substances which, by their reaction upon one another,
produce either oxygen or chlorine. .

The batteries of this kind which are most extensively
used are potassic bichromate batteries.

Poggendorff was the first to use a mixture of potassic
bichromate and sulphuric acid for depolarizing the con-
ducting electrode.

Since then the bichromate battery has been improved
in various ways, and has become very convenient and very
practical

The electro-motive force of the elements reaches two volts;
it is greater than that of the Bunsen and Grove elements,
but, in spite of the mixture, a rapid polarization is produced,
especially when the external circuit has little resistance.
Complicated reactions ensue in these elements, tending
to the formation of chrome alum, which, by its formation,
produces a current in the opposite direction of the element;
the result is an energetic polarization and a rapid ex-
haustion of the liquid.

Grenet's Battery—In 1836, Grenet had established a
system of ventilation in the interior of the liquid which
prevented the deposition of chrome alum, and destroyed,
by the action of the air on the nascent hydrogen, the polari-
zation which might have ensued.

In practice nothing could be expected of so complicated
a system, and the battery which now bears the name of
Grenet is nothing else but the well-known flask or bottle
battery, which renders such good service for experiments of
short duration.

Potassic Bichromate Battery, with Windlass-S8tand.—This

VOL. I D
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battery gives a powerful current, without smell, provided
it is only used for a short time, and that the zines are
taken out of the liquid after each experiment.

Fig. 13.—Bichromate battery, with windlass-stand. '

Ducretet has constructed a model composed of bichro-
mate elements, suspended by cords, wound up by a ratchet-
wheel A 7 (Fig. 13). Each element consists of a large amalga-
mated zinc plate Z, placed between two carbons C C’, and
insulated by a block of ebonite E ; a brass hook S fixes this
plate, and serves at the same time as conductor, and as hook
for the cord of the stand. The carbons are screwed on a
metallic square P, a metal post with binding-screw being
fixed on this square for the conducting wire. The best
solution consists of—

Potassic bichromate ... ... 200 grammes.

Water 2 litres.
Common sulphuric acid ... 150 to 200 grammes.
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It is advisable to add five grammes of mercuric bisulphate to
keep the zincs well amalgamated.

Gaiffe has constructed a similar battery, with stand, in
which the carbons and zincs are permanently fixed to a
cross-bar, which prevents the elements from swaying to
and fro when they are raised, and also the acid liquid from
being thrown out.

Trouvé has constructed another mmodel, in which the
elements can easily be taken to pieces and cleaned, the
zincs amalgamated anew, and replaced if necessary.

Camacho arranges the elements one above the other, and
causes the depolarizing mixture to circulate; this produces
a certain motion favourable to depolarization. The carbon
electrode is placed in a porous vessel filled with fragments
of gas carbon; an enormous surface is thereby given to the
electrode, which renders polarization very slow.

Cloris Baudet has also constructed a battery to which
he gave the somewhat pretentious name of “ Impolarisable ”
(not capable of polarization), and in which the porous
vessel, containing the zinc, has two small vessels soldered
to it sideways: one of these small vessels contains sulphuric
acid, the other, which is pierced with holes, contains
potassic bichromate. Thus a stock of materials is provided
which fairly maintains the solution in a state of sufficient
concentration, but this does not explain how polarization is
prevented.

Fuller has invented a bichromate battery, used in
America and in England for telegraphy, where the zinc,
placed in the centre of the porous vessel, plunges into
mercury, which preserves its amalgamation.

Use of Batteries in Electric Appliances. Available Maxi-
mum Work.—In all the batteries which we have deseribed,
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we invariably find zinc as the fuel. The available work in
the external circuit of a battery depends therefore on the
number of calories produced by the combination of zine
with the acting agent. Looking at it from this point of
view, the battery which renders valuable service in tele-
graphy, for electric bells, medical apparatus, laboratory
experiments, etc, is absolutely unable to supply large
quantities of electricity. Zinc is an expensive fuel; an
equal weight of zinc costs fifteen times as much as coal,
and generates five times less heat. This fact- alone suffici-
ently explains why batteries are seldom, if ever, used for
electric lighting, and why we prefer the use of machines for
this purpose, as well as for galvano-plastic and many other
appliances, in spite of their being more complicated.

We reserve the battery for work where electricity is
required, more for the rapidity and delicacy of its action,
than for its efficiency; its application to telegraphy and
telephony are .nstances of this. For electric lighting and
for electro-motors, where calories and work are required,
the batteries labour under the disadvantage of burning
a too expensive fuel—zinc, and also of burning it too
slowly ; which necessitates the use of a considerable number
of elements, without yielding the corresponding available
maximum work.

Unless a complete revolution in the production of
electricity by direct chemical action takes place, the
principles with which we are acquainted now do not
permit of the construction of a battery, at the same time
powerful and economical, for applications which require
these two qualities united to a very high degree.



CHAPTER II.
THERMO-ELECTRIC BATTERIES.

THERMO-ELECTRIC batteries are apparatus which transform
heat into electricity. The discovery of this highly important
fact was made in 1821, by Professor Seebeck, of Berlin. On
soldering to a plate of bismuth the ends of a copper plate

b

Fig. 14.—Seebeck’s experiment.

bent in such a manner as to leave an empty space between
the two plates, Seebeck found that on_ heating one of the
solderings of this metallic couple, a magnetic needle, placed
between the two plates, was deflected, the current passing
always from the hot to the cold soldering of the copper,
and from the cold to the hot soldering of the bismuth.
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Becquerel attributes the production of the current to
the unequal propagation of heat in different parts of the
heterogeneous circuit caused by the two different metals.

Whatever may be the metals entering into the compo-
sition of the thermo-electric couples, they are easily dis-
tinguished from hydro-electric couples by the nature of
the currents. In a battery, in fact, each couple or element
possesses a strong tension, varying from one to two volts, and
a rather considerable interior resistance (varying from 0-2
to 15 and 20 ohms); in the thermo-electric couple, on the
contrary, for a difference of temperature of 100° between
the solderings, the electro-motive force, very variable with
the nature of the constituting elements and the mean
temperature of the two solderings, varies between ;% and
wv volt, whilst the interior resistance is very weak. We
express this fact by saying that thermo-electric batteries
give quantity, but little tension; a large number of them
must therefore be joined to obtain a certain electro-motive
force. 'We shall give some figures with regard to the
different elements which we are going to describe.

Becquerel, by making experiments between 0° and 20°
with different metals, has been able to classify them in such
order that each of them is negative with regard to the
preceding ones, and positive with regard to those which
follow.

The following is the order of the metals experimented on
by Becquerel :—

Bismuth, platinum, silver, tin, lead, copper, gold, zinc,
iron, antimony. It would seem, @ priori, that on taking
the most remote elements of the series for the formation of
a couple, the largest electro-motive force would be obtained
for a given difference of temperature. Other considerations
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of a theoretical and practical nature show that such is not
the case.

Practice suggests the choice of metals, of alloys, or
substances in which the difference of temperature of the
solderings can be maintained at the highest possible degree,
without altering the battery. The nature of the metals
used naturally influences the cost of the battery.

The law, stating that the electro-motive force of thermo-
electric currents is proportional to the difference of tempera-
ture, is only correct with special reservations as to the
mean temperature of the two solderings, and to the neutral
point which varies with the nature of the metals employed.
An example will show better than any theoretical expla-
nation, what we mean by the neutral point of a thermo-
electric couple. Let us take, for example, a thermo-electric
couple formed of the two metals copper and iron. Let us
suppose the cold soldering of the couple to be at 70° and
the hot soldering at 450°. No current will pass through
the couple thus constituted, although the difference of
temperature is 380°. The reason is that the neutral point
of iron with regard to copper is 210° that is to say, that at
210° the thermo-electric current formed by the two metals
changes its direction, and as the mean temperature between
the two solderings is precisely equal to 210°, two currents of
equal tension, but different directions, are produced which
destroy each other.

While maintaining, therefore, a great difference of tem-
perature between the two solderings of a thermo-electric
couple, we must take care that the temperatures are not,
the one higher, and the other lower, than the neutral point
of the two metals forming the couple, for we should then
obtain only a differential current, liable to become null
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when the mean temperature of the two solderings corre-
sponds to the neutral point.!

If the difference of temperature in a -thermo-electric
couple is constant, the current itself is constant, for no
polarization or variation is produced in the resistance of the
couple. The electro-motive force of a thermo-electric battery
is proportional to the number of elements constituting the
same, exactly as is the case in hydro-electric batteries.

These principles being established, we will pass in review
the different thermo-electric couples used in practice.

(Ersted and Fourier constructed the first thermo-
electric battery. It was composed of small bars of bismuth
and antimony soldered together in regular order, and in a
straight line. The bars of bismuth terminated in a soldered
piece which plunged into ice at zero, whilst the other
solderings were heated from 200° to 800° by small lamps.

Nobili has simplified Fourier's battery by bending the
bars in zigzag; he has thereby enclosed fifty elements in a
cube, the sides of which were two centimetres long. Melloni
has used this cube in his thermo-multiplier.

Marcus’ Battery.—In this battery alloys are used instead
of simple metals. One of these alloys consists of nickel,
copper, and zinc, known as German silver; the other of
antimony, zinc, and bismuth. The solderings are heated
by a small Bunsen burner. Wheatstone and Ladd have
each constructed a battery with the alloys recommended
by Marcus; the former obtained sparks with this battery,
as well as the incandescence of a platinum wire, and the
decoruposition of water in a voltameter; the latter set in
action a Ruhmkorff coil which gave a spark of thirty-eight
millimetres.

1 8ee, for further details, Electricity and Magnetism, by Flening
Jenkin ; and Philosophical Transactions, 1856, p. 708,
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Farmer's Battery.—Farmer, of Boston, constructed in
1868 a similar battery to that of Marcus; its positive plates
consisted of ten parts of copper, six of zinc, and six of
nickel ; and the negative plates of twelve parts of antimony,
five of zine, and one of bismuth; the two metallic plates
were screwed into each other, the lower joints heated by a
gas flame, and the upper joints cooled by a stream of water.

Becquerel’s Battery.—In 1865, Becquerel, in his researches
on the thermo-electric force of artificial copper sulphide,
found that this substance, heated to 200° or 300°, is strongly
positive ; its point of fusion is above 1000° and it can
therefore be used at very high temperatures. The metal
which Becquerel associated with it was German silver
(ninety of copper and ten of nickel); the battery is heated
with gas, and cooled by a stream of water.!

Noé's Thermo-Electric Battery.—This battery is ex-
tensively used in Austria and Germany. In the model
represented in Fig. 15, only two Bunsen burners are
required to set in action forty elements, three for sixty,
and so forth, one for each group of twenty, according to the
intended application.

The elements in each group are placed horizontally, like
the radii of a circle, the hot solderings in the centre, the
cold solderings in the circumference.

The two metals used are German silver and an alloy
of antimony and zinc; they are soldered together without
the use of an intermediate metal. The extremities of the
German silver wires reach into a brass capsule, which
forms the bottom of the mould in which the other metal is
cast. Fig. 16 represents two separate elements in natural

! S8ee the description and diagrams in Ganot’s Physics, translated by
Atkinson, 3rd edit., p. 787.
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size ; the small capsule ¢ is attached to the element, and
forms part of the apparatus. Into this same capsule
reaches a small copper rod r, whose extremity is likewise
held fast by the molten metal, and which conducts the heat
to the hot soldering. The extremities of these copper rods
form a small circle, fastened between two niica plates, and

Fig. 15.—Noé's thermo-electric battery.

are all heated simultaneously by a single flame, generally a
Bunsen burner; a spirit lamp is sometimes used.

By heating the solderings by conduction, they are pro-
tected against overheating, which would fuse the metal and
render the battery useless. The loss of heat by radiation is
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prevented by covering the rods with small insulating tubes
t (Fig. 16). '

For the cold soldering the fusible metal is soldered to a
copper plate, to which are also soldered the “ maillechort”
(an alloy of copper, nickel, and zinc) wires of the next
element; the copper plate, of cylindrical form, presents a
large surface for radiation favourable to its cooling, which
is besides accelerated by the circulation of air inside the
copper tubes.

Under the most favourable conditions, that is, by heat-
ing the solderings to
nearly their point of
fusion, the Noé elements,
according to Walten-
hofen’s experiments,
have an electro-motive  Fig. 16.—Details of an element of Noé's
force between } and i thermo-electric battery.
volt; whilst the Marcus elements have only an electro-
motive force of {5 volt.

In practice, however, these figures are not reached, for
all the elements cannot be equally heated, and we can only
reckon upon {% volt per element; under these conditions
the interior resistance is §; ohm.

Each group of twenty elements has, therefore, an electro-
motive force of 125 volt, and an interior resistance of
05 ohm.

We have to mention here a very practical regulator for
the pressure of the gas, which prevents the overheating of
the battery, and the accidents which might arise from it.

This safety apparatus consists of a glass bottle (Fig. 15),
containing water, and closed by a cork. Two tubes pass
through this cork : the one B R is a branch tube of the gas-
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supplying tube, and reaches to the bottom of the bottle ;
the other, H, only reaches to the level of the water—it

Fig. 17.—Clamond’s thermo-electric battery, heated with gas.

- +
- *
- +
- *
- *
+

Fig. 18.—Clamond’s thermo-electric battery (vertical section). T, gas
supply tube; A, perforated earthenware tube, where the gas is mixed with
air, the mixture passing into the outside cylinder, where it is burned; B B,
thermo-electric bars; D, entrance of air for combustion; r r, discs of asbestos
for the insulation of the elements. ’
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carries off the gas which may be collected in the bottle, and
leads it before another branch tube, terminating in a burner
I, which is kept constantly burning. In case of an excess
of pressure, the gas rises in bubbles through the water,
escapes at G, and is burned, without producing any accident
or any bad smell.

The bottle acts thus like a real safety-valve. Twenty
elements suffice for the decomposition of water, and forty
to charge Gaston Planté’s secondary battery, and to set an
induction coil in action.

Two minutes are sufficient to generate a current, and the
action can be stopped at any moment.

This battery suffers no alteration in the course of time
like the other batteries described before, and in which con-
tinuous heating would produce a considerable increase of
interior resistance, and, in consequence, a corresponding
weakening of the outer current.

Mure and Clamond's Battery.—The first battery con-
structed by Clamond, in co-operation with Mure, was
shown to the Institute by Becquerel, on the 31st of May,
1869. It consisted of galena and leaden plates.

The intensity of this battery is diminished by use, for
the interior resistance increases, in consequence of the
oxidation of the crystallised bar at the points of contact,
and of the splitting of the bar perpendicular to its
length.

Clamond’s Battery.—On the 20th of April, 1874, Jamin
exhibited before the Académie des Sciences a new battery
by Clamond, heated with gas, in which these drawbacks
are avoided. Clamond has adopted, for the construction of
his couples, Marcus’ alloy of zinc and antimony, which is
a good conductor of electricity, and which can easily be

¢
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manufactured by casting. The armature consists of iron
plates, in preference to copper and German silver, because
the iron resists very well, whilst the two metals named are
acted upon and dissolved, and soon become useless.

Fig. 19.—Clamond’s thermo-electric battery, heated with coke.

The bars are arranged in form of a star, and coupled for
tension.

These stars placed one above another, of ten elements
each, are separated by asbestos discs. The whole apparatus
forms a cylinder, lined inside with asbestos (Fig. 17),
and heated with gas by means of a perforated earthen-



THERMO-ELECTRIC BATTERIES. 47

ware tube. The gas, mixed with air, passes through this
tube, and burns in the annular space between the tube
and the bars. The extremities of these stars fit into copper
clamps, fixed on two small planks, and this arrangement
permits the coupling together of the stars of ten elements,
either for tension or for quantity.

The gas supply is regulated by Giroud’s rheometer.
Figs. 17,18, and 20 represent the exterior view, the vertical
and horizontal sections of
Clamond’s battery. The
explanations accompanying
the sections will suffice to
explain the arrangement of !¢
the battery. This apparatus *+¢
of fifty elements consumes
five centimes’ worth of gas
per hour, and can deposit
e s o DT ool seion of s b
per hour. It is used in the and their armatures; B B, thermo-
printing department of the 3’3::'?:“‘:“’ L L, plates forming the
Bank of France, and in
the photographic studios of Messrs. Goupil and Co. at

_ Asnidres.

Clamond’s Battery heated with Coke.—Since 1874,
Clamond has continued his researches on thermo-electric
batteries, and on the 5th of May, 1879, Count du Moncel
submitted to the Académie des Sciences a new battery,
much more powerful than the former ones, which can be

used for electric lighting.
Fig. 19 (p. 46) represents a view of Clamond’s new
battery ; Figs. 21, 22, and 23 give the principal details.
The apparatus consists of three parts—
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1. The furnace and the collector, for heating the interior
solderings of the battery.

2. The battery itself, arranged in form of a star.

3. The diffusor, for cooling the exterior solderings.

Furnace and Collector.—The battery is heated with coal
or coke. The gases, produced by combustion, pass from the
furnace G (Fig. 19), through the cylindrical cast-iron pipe C,
downwards through a series of compartments D arranged in
form of a star, then upwards again at E, through a second
series of compartments, and finally escape through the
chimney A. The heating of the elements, therefore, is not
direct; there is even no contact between the elements and
the hot gases, but these gases heat the mass of cast iron
through which they circulate; this mass acts as a collector
of heat, which it gives off to the ele-
ments in a more uniform manner.

Battery.—The battery consists of a
series of chains arranged in form of a
crown around the collector, and heated

Fig. 21.—Armature O0 the inside. The battery of three
o ‘ﬂ:{’,‘:’;‘; of Cla- thousand couples consists of sixty chains

of fifty couples each.

Each couple consists of a thermo-electric bar, three
centimetres long and wide, and two centimetres thick.
These little prisms are formed of an alloy of antimony,
and joined together by iron armatures (Fig. 21). The
armatures are cut into thin sheets, twisted like corkscrews
at their extremities P and P. To make a chain, these
armatures are placed in a special mould, after having
surrounded the flat part G with a coating of asbestos,
and the alloy is cast in the mould. The fifty elements
are thus made at once, the parts P and P’ of each armature
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are joined to two successive couples by a soldering made
of the same material as the armature. The chains are
arranged vertically and in form of a star, between the col-
lector A and the diffusor B (Fig. 23), by placing between
them and the chains thin lamina of mica, which insulate
them, while they allow the circulation of heat. In a
battery of 6000 elements, two groups, of 3000 elements
each, are arranged for temsion. For a temperature of
360° in the heated, and of 80° in the cooled solderings,
3000 elements represent, according to experiments made
by G. Cabanellas, an electro-motive force of 109 volts, and
an interior resistance of 15'5 ohms.

Fig. 22.—Thermo-electric chain of ten elements.

Diffusor.—The diffusor maintains the exterior solderings
of the chains at the lowest possible temperature, which, in
practice, does not exceed 80°. It consists of a series of
copper plates, placed all round the battery, which in-
crease the surface of cooling. These plates are represented
at B (Fig. 23). Clamond’s coke battery is therefore, in fact,
an electrical heat-engine, and can be used in all cases as
such. An apparatus of 6000 elements consumes from
nine to ten kilogrammes of coke per hour. With an
arrangement of two circuits of 3000 elements each, two
Serrin lamps can be fed, giving a light of from thirty to °
fifty gas-burners each (equal to 450-750 candles).

We have here fwo remarkable results, worthy to be
followed up,and we regret that the experiments, commenced

voL. I. E
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in 1879, have not been continued. Although hitherto the
efficiency of thermo-electric batteries—that is, the proportion
of heat consumed to the heat changed into electricity—has
been very slight (it does

/ not exceed four to five per

Y /2 | cent.), these apparatus

r are interesting, for they
transform, in a direct
manner, heat into elec-
tricity; whilst in the case
‘L_ of electric generators,
L../ ~1 which we are now going
Fig. 23.—Clamond’s battery. A,enllec- t0 describe, heat has first
for; T, thermo-electric chain; B, diffusor. of all to be converted into
work by a steam or gas engine, and the energy thus
generated has to be transmuted into electricity. It is,
therefore, always easier to keep up an electrical heat-engine,
or to feed a gas battery, than to pass through the more

e

complicated intermediate stages by the employment of an
electric generator.

Gaugain's Thermo-Electric Battery.—Gaugain uses bis-
muth-copper couples, arranged in horse-shoe form along-
side of each other on a cross-beam of wood, which allows
of their being raised or lowered at once into two liquids,
one of which is distilled water at 0°, and the other heated
paraffin at 100°. This battery has a constant electro-
motive force, and is therefore an excellent standard
battery. Its electro-motive force is yiy volt ; by arranging
therefore, 182 elements for temsion, and keeping the
solderings exactly at 0° and 100°, we have a battery
with an electro-motive force of exactly one volt.

Contrary to all expectation, no progress has been made,
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within the last two years, in the practical application
of thermo-electric apparatus, and, with the exception of
some applications to galvano-plastic, made by the Bank of
France and by Messrs. Goupil, of Paris, these apparatus
only present a scientific interest.



CHAPTER IIL

ELECTRIC GENERATORS.

WE are fully aware that the term “electric generators”
includes galvanic and thermo-electric batteries, as well as
magneto- and dynamo-electric machines; we use it simply

as a shorter designation for the two latter kinds of machines

when speaking of them collectively.

The transformation of work into electricity is the most
complicated means for producing an electric current, and
yet it is, up to the present, the most economical and the
most extensively used in all applications which require
powerful currents. This extensive employment of machines
is of comparatively recent date, although the discovery
of the fundamental principle of all machines was made by
Faraday in 1830.

The way to this discovery had been prepared by
(Ersted’s experiments, made as early as 1820, on the action
of a current on the magnetic needle, and by Arago’s dis-
covery, made shortly afterwards, of the magnetization
produced by a current. The action of electric currents
on magnets,and their ma.gnétizing action on soft iron, being
known since 1820, it seems but natural to draw an a priort
conclusion that an inverse action must take place when a
permanent magnet acts on a closed spiral circuit; but ten
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years elapsed before Faraday observed this phenomenon
and investigated its different bearings.

We need not enter here upon the theory of induction
currents produced by the approach or withdrawal of a
magnet or current ; the laws of these currents, as stated by
Lenz and Matteucci, are to be found in any text-book on
physics. '

All electric generators are founded on Faraday’s
discovery, and the laws of Lenz and Matteucci, applied to
practical methods for the most effective collection of in-
duction currents.

Classification of Electric @enerators. — Every electric
generator consists of two fundamental, necessary, indispen-
sable parts: the inductor, or field magnet, and the armature.
By moving the inductor before the armature or, as a gene-
ral rule, the armature before the inductor, electric currents
are produced in the wire of the armature, whose nature,
intensity, and sense are defined by Lenz's laws. These laws
show that, in order to obtain powerful currents, the armature
must be moved with great speed before powerful inductors.

Any mechanical arrangement which enables us to obtain
this result is an electric generator.

The function of the inductor is to create a special con-
dition of movement of the surrounding ether, and this is
called the magnetic field. This magnetic field can be pro-
duced by two very different methods, and, according to
these methods, electric generators can be divided into
two classes.

If the magnetic field of the inductor in which the
armature moves is produced by a fixed and permaunent
magnet, the machine is called magneto-electric.

If the magnetic field is formed by an electro-magnet,
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whereby its intensity is increased—electro-magnets being,
for equal weight, much more powerful than permanent
magnets—the machine is called dynamo-electric.

The above division is based on the nature of the
inductor; there is a second ome, more important still,
‘based on the nature of the currents collected outside the
machine on the external circuit. According to Lenz'’s laws,
when an element of the spiral wire of an armature traverses
a magnetic field, the current engendered in this element
circulates first in one sense and then in another;—this is
an alternating current.

When the machine directly collects the alternating
currents thus produced, without reversing them, that is
to say, if the currents 'pa.ss into the outer circuit without
changing their sense, the machine is an alternating-current
machine.

If, on the contrary, the machine reverses the alternating
currents, which then circulate always in the same sense in
the external circuit, it is a continuous-current machine.

We shall only describe those types of machines which
are the most extensively used—
a.—Magneto-electric.
b.—Dynamo-electric.

a.—Magneto-electrie.
b.—Dynamo-electrie.

A.—MacriNEs WITH CONTINUOUS CURRENTS ... {

B.—MACHINES WITH ALTERNATING CURRENTS... {

A.—MacHINES WITH CoONTINUOUS CURRENTS.
a.—Magneto-Electric Machines.

Although the discovery of induction was made by
Faraday, in 1830, the electric spark by induction was

only obtained on the 31st of January, 1832, by Nobili, in
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Florence; but even in his case there was no current
in the proper sense of the word.

The first machine which gave a current was constructed
by Hippolyte Pixii, of Paris, and was brought before the
Académie des Sciences on the 3rd of September, 1832.

Pixii's Machine. —We only mention this historical
machine to point out a rather curious peculiarity which is
not to be found in any other magneto-electric machine.
The well-known apparatus consists of two coils and a
horse-shoe magnet, whose poles are placed to face the
coils, and turn in such a manner as to present their two
poles successively before the extremities of the coil.

Instead of moving the inductor in the magnetic field,
the magnetic field is moved before the inductor; but this
arrangement does not in any way affect the principle. The
currents thus developed are alternating, but by means of a
commutator invented by Clarke, the currents were reversed,
and Pixii’s machine was the first with continuous currents.
The first improvement in this machine was effected by
Saxton.

Saxton’s Machine.—This machine is arranged like Pixii’s,
that is to say, the magnet and the coils are placed end to
end, but the magnets are fixed, and the coils are movable.
Consequently, as there is a smaller mass to be moved, the
machine need not be so heavy for equal power.

Clarke’s Machine.—In 1834, Clarke constructed a
machine in which the magnet was vertical and the coils
horizontal ; they presented themselves, therefore, to the
inductor, no longer by their ends, but by the flat sides of
the horse-shoe magnet. In this form, magneto-electric
machines have been introduced into-all physical labora-
tories, and are still so used in medicine.
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Clarke's Machine after Gaiffe's Model.— A, B, B’ (Fig. 24),
is an electro-magnet ; H, one of the coils of the soft-iron
armature turning before the arms of the magnet; R is the
toothed wheel, and M the winch-handle, which communi-
cate the rotatory motion to the coils. The whole apparatus,
with the hand-pieces, the crank, and all accessories, can be
enclosed in a small box.

Fig. 24.—Clarke’s machine after Gaiffe’s model.

The power of the currents can be varied by increasing
the speed of rotation. By arming the magnet a less
powerful current is generated.

Page's Machine.—In 1833, Page, an American, constructed
a machine, in which the fixed coils surrounded the magnet,
which was fixed likewise. The currents, produced by the
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rapid rotation of a soft-iron armature before the €
of the magnet, were alternating, in consequence of the suc-
cessive overcharging and weakening of the magnetic field;
these currents were afterwards reversed in the ordinary
manner by a Clarke’s commutator.

All these machines and several others based on the same
principle, were only apparatus of feeble power, and found
but a very limited application. In 1849, Nollet, Professor
of Physics at the Ecole Militaire, Brussels, constructed a
Clarke’s machine on a large scale, and that machine is now
called the Alliance machine.

Nollet's apparatus gave no favourable results until
Masson, Professor at the Efcole Centrale, suggested to Van
Malderen, the engineer of the Compagnie I'Alliance, to
transform the continuous-current machine into an alter-
nating-current machine. We shall refer to this again when

ELECTRIC GENERATORS.
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speaking of these machines.

Siemens’ Coil.—In 1854, Siemens and Halske, of Berlin,
advanced the question a good deal by inventing the coil
which bears their name, and which we shall find again in
a great number of apparatus, such as Wilde’s, Ladd’s,
Marcel Deprezs, ete.

Siemens’ coil is a soft-iron cylinder with two longi-
tudinal grooves parallel to its axis, which give it, in
transversal section, the form of a double T. An insulated
copper spiral fits into the grooves, and the extremities of
the spiral are fixed to the two halves of & commutator for
the reversion of currents, as in Clarke’s machines. By
turning the coil rapidly between the poles of a magnet,
induction currents are produced in the wire, owing to the
alternately inverse polarities of the two enlarged poles of
the coil; these currents are subsequently reversed and
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collected in the usual manner. In 1879, Marcel Deprez
modified Siemens’ machine by placing the axis of the
coil parallel to the arms of the magnet. .

We shall refer to this modification again in connection
with electric motors; for Siemens’ machine, and electric
generators with continuous currents generally, are re-
versible, that is, if they develop electricity by expending
work, they can also produce work by expending electricity.

Finally, Gramme’s machine, laboratory size, ought to
find a place here, but its description must be reserved for
the next chapter.

Between Siemens’ coil of 1854 and Gramme's ring,
which dates from 1870, a whole series of new principles
must be considered, before we can speak of an invention
which has given such a powerful impetus to the mechanical
production of electricity.

b.—Dynamo-Electric Machines with Continuous Currents.

We know that the electric current is produced in electro-
dynamic machines by a rapid motion of the induced wire of
the coils in a powerful magnetic field formed by the in-
ductor. The power of the resulting currents depends to a
great extent on the power of the magnetic field.

Wilde’s Machine.—As an electro-magnet has at least
twenty-five times as much power as a steel magnet
for equal weight, Wilde thought that, by using electro-
magnets instead of common magnets as inductors, the in-
tensity of the magnetic field, and consequently the intensity
of the resulting current, would be considerably increased.

Wilde's machine, which figured at the French Exhibition
of 1867, was really composed of two machines placed one
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above the other. The first was a Siemens’ magneto-electric
machine, which transmitted the current to two large
electro-magnets; these latter served as inductors to a second
Siemens’ coil, which formed the external circuit. Wilde’s
small machine feeds and excites the inductors of the second
coil; it is, therefore, called an exciting machine. We shall
find it again in a great number of other electric generators, -
both with continuous and with- alternating currents. It is
also sometimes called the inducing or priming machine.

. One of the drawbacks of this machine is the great
speed which must be imparted to the coils—2000 to 2500
revolutions per minute. This produces a very high tempera-
ture, which has to be counteracted by circulating cold
water between the polar pieces of the electro-magnet serving
as inductor to the coil of the external circuit.

Ladd’s Machine.—Ladd’s machine is the first application
of a new principle, discovered simultaneously by Wheat-
stone and Siemens, and which was brought before the
Royal Society on the same day, the 14th of February, 1867.
This principle consists in the gradual increase of intensity
of an electro-magnetic system under the influence of the
induction currents which it develops. A mere trace of
magnetism arising either from the momentary action of a
battery, from terrestrial magnetism, or from remanent
magnetism, is sufficient to produce magnetizing action and
increased intensity of magnetism up to a certain maximum,
which will depend on the speed of rotation of the coil, the
resistances of the circuit, and the point of magnetic
saturation of its inductors.

In Ladd’s machine, which is constructed on this
principle, we find again the two Siemens’ coils employed
by Wilde, but the permanent magnet is suppressed.
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The electro-magnet consists of two large iron plates
surrounded with wire, thus forming two straight electro-
magnets, whose visible poles are of different sense; the
two Siemens’ coils are placed transversely to the two
extremities of these electro-magnets. The smaller of the
two transmits its current to the electro-magnets to pre-
- serve their magnetism, the second is utilized for feeding the
external circuit. A trace of remanent magnetism in the
plate of the electro-magnets is sufficient to produce, in con-
sequence of successive overcharges, a very intense current,

Fig. 25.—Maclines excited by a separate exciting machine.

which imparts great power to the electro-magnets, and thus
develops a magnetic field of very great intensity. This
power of the magnetic field can, moreover, be regulated by
modifying the speed of rotation.

The great speed of the coils, however, produced con-
siderable heat in the machine, owing to the rapid
changes of magnetism in the soft iron. The use of two
machines, on the other hand, complicated the transmission
of motion, entailing the employment of two wheels and two
belts.

Mode of Charging the Induetors of Dynamo-Electric
Machines. —Whatever may be the shape of the part which
receives the current, whether Clarke’s or Siemens’ coil,
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Gramme’s ring, etc., dynamo-electric machines can be divided
into three classes, distinguished by the manner in which the
field-magnets are charged.

First Class—In Ladd’s machine, which is the type of
this class, the inductors are charged by a distinet and
perfectly separate circuit fed by a special machine, which
frequently feeds not only one but several machines. Fig.
25 shows an arrangement of a self-exciting machine feeding
four machines, each of which supplies an arc lamp.

Second Class.—The electro-magnets forming the mag-
netic field are arranged in the same circuit as the external
armature and circuit. This is the arrangement invented by
Wheatstone and Siemens, in 1867, and which is now
applied to nearly all
dynamo-electric ma-
chines. Fig. 26 shows
this special arrange-

ment. The continuous

current pI'Oduced by Fig. 26.—Diagram of the ordinary mounting
the ature A tra- of a dynamo feeding a voltaic aro.

verses the two inductors I and I' at the same time as
the arc which it feeds. The magnetic field, therefore,
depends on the strength of the traversing general
current.

Third Class.—The arrangement which characterizes the
machines of this class was also invented by Wheatstone, in
1867, but was only taken up again in 1880 by Siemens.
This arrangement consists in placing the inductors in a
shunted, and not in the same circuit, and for this purpose
these inductors must be provided with a long wire of
considerable resistance. The working conditions of the
machines are hereby rendcred much more favourable for
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the regularity of the current! Edison’s machine, of which
we shall speak further on, offers an instance of this.

Principle of Gramme’'s Machine.—The most important
progress in the mechanical production of electricity, since
Siemens’ and Wheatstone’s discovery, is due to the inven-
tion of a former workman of the Compagnie- I’Alliance,
named Gramme. Thanks to his machine, the applications
of electricity to lighting, galvano-plastic, and transmission
of motive force, have made very rapid strides within the
last few years.

Gramme’s movable armature presents the appearance
of a ring, turning round its centre and in its own plane; it
can be considered as formed of a straight electro-magnet
which had subsequently received a circular form, and been
soldered at the end in such a manner that core was joined
to core, and wire to wire.

The idea of employing a ring as a movable armature
is not new; as early as 1852, Page constructed & motor
founded on this principle. In 1861, Pacinotti also con-
structed a motor which, not only in the employment of a
ring armature, but also in the application of the segmental
collector or commutator was the prototype of the Gramme
machine. Pacinotti’s machine figured at the Exhibition
of 1881, and gained for its inventor an honourable
mention.

Pacinotti's Machine.—It will be interesting to give a
description of this historical machine in Pacinotti’s own
words, from an account published in 1864 in “ I1 Nuovo
Cimento.”

“1I took a cast-iron ring, provided with sixteen equal

! See, for further details, La Lumidre is‘ledrique, of the 15th of April,
1880, p. 151.
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teeth ; this ring is supported by four arms or vertical pieces
of brass B B (Fig. 27) which connect it to the shaft of the
machine. Between the teeth small triangular wooden
prisms are placed, and into the hollow spaces between the
prisms and the teeth coils of silk-covered copper wire are
fitted. This arrangement aims at obtaining between the
iron teeth of the wheel a perfect insulation of the bobbins
thus formed. In all the bobbing the wire is coiled in the
same sense, and each of them is formed of nine spirals.
Two consecutive bobbins are separated from one another
by an iron tooth of the wheel, and by the small triangular
wooden prism. On leaving one bobbin to construct the
following ome, I fix the end of the copper wire to the
piece of wood which separates the two bobbins.

“ On the axle which carries the wheel thus constructed
I have grouped all the wires. One extremity of these
wires forms the end of one bobbin, and the other the
commencement of the following bobbin, and this is effected
by causing them to pass through holes made for this
purpose in a wooden collar centred on the same axis, and
then attaching them to the commutator which is like-
wise mounted on the axis.

“ This commutator consists of a small wooden cylinder
having on its circumference two rows of sockets, into which
fit sixteen brass pieces, eight into the upper, and eight
into the lower sockets, all concentric with the wooden
cylinder, over which they slightly protrude, and whose
thickness geparates one row from the other.

“Each of these brass pieces is soldered to the two ends
of wire which correspond to two consecutive bobbins, so
that all the bobbins communicate with one another, each
of them being connected to the following one by a con-
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ductor, part of which is formed by one of the brass pieces of
the commutator. If, therefore, two of these brass pieces are
placed in communication with a battery by means of two
metallic rollers G, the current on dividing will traverse the
helix on either side of the point from whence start the ends
of the wires attached to the brass pieces which communicate
with the rollers, and the magnetic poles will appear in the
iron of the circle on the diameter perpendicular to AA". On
these poles act the poles of a fixed electro-magnet, which
determine the rotation of the transversal electro-magnet
round its axis, since in the transversal electro-magnet, when
it is in motion, the poles are always reproduced in the fixed
positions which correspond to the communications with
the battery.”

Pacinotti’s claims to priority are no longer a matter
of dispute, and it is to be regretted that he did not
fully realize the importance of his discovery, leaving to
Gramme the practical and industrial development of his

- principle.

Gramme's machine, however, in spite of the priority
claimed by Pacinotti, has a real and absolutely personal
value, justified, moreover, by its many successful applica-
tions which we shall describe in this volume.

To understand the action of Gramme’s machine, let us
recapitulate the simplest experiment of induction. Let us
suppose a magnetized bar, one metre long, and a spiral con-
ducting wire in reciprocal motion ; if the spiral is brought
near the bar, an induction current is developed in the former.
Let us suppose that the bar penetrates into the spiral by
a series of successive, uniform movements. It will be observed
that an induction current corresponds to each of these move-

ments. All these currents are of the same sense, until the
VOL. I F
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spiral arrives at the neutral line ; they alter their sense if
the movement continues in the same direction beyond the
neutral point, the iron.ring is magnetized, and the ma.gnetism
is distributed in it in the following way :—

A and B (Fig. 28) are the poles, M and M’ the neutral
points.

By turning the ring, this distribution of magnetism is
not altered ; the poles are fixed in space, although the ring
is displaced, because the coercive force of the soft iron of
which it is made is zero, or can be neglected. The effect is,

Fig. 28.—Principle of Gramme’s ring.

therefore, the same as if the iron were immovable, the wire
spirals alone moving over a magnetized bar.

In each of the elementary coils, therefore, a current is
developed which, starting from one of the poles A, remains
direct up to the neutral line M, takes the inverse sense from
M to B, keeps that sense from B to the neutral line M’, and
becomes direct again from M’ to the pole A. The current,
therefore, remains of the same sense from one neutral point
to the other.

All the coils which, at a given moment, are in the upper
semicircle, are all at the same time traversed by currents
of direct sense, which are joined for tension; the coils of
the lower semicircle are traversed by currents of inverse
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sense,-also associated for tension. A state of equilibrium
is thus established, and the system can be compared to
two series of batteries, equal in number and in power,
acting in opposition. By putting the two extremities of
an external circuit in communication with the opposite
common poles of the two batteries, these batteries are
associated for quantity; in the same way, by establishing

Fig. 29.—Gramme’s laboratory machine, with ordinary magnets.

collectors on the neutral poi;lts of the ring, the currents
developed in the ring can be collected. These collectors are
formed of copper brushes, which rub against a series of
radiating pieces R (Fig. 28) insulated from one another,
and each connected with the end-piece of one coil and the
beginning piece of the next. These currents are therefore,
by the action of the collectors, transferred from the
soldering of the two coils to the piece R.
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In Fig. 29, which represents the machine in its practical
form, the pieces R are joined to form a cylinder of small
diameter, but always insulated from one another.

Between certain limits, the electro-motive force increases
in proportion to the speed ; the sense of the current changes
with the sense of rotation. The current is continuous, for
the circuit is never broken, and the rubbers or brushes
begin to touch one of the radii before having left the pre-
ceding one. On account of their flexibility and the large
number of copper wires of which they are composed, one
part of each brush, if not the whole, is always in contact.

By changing the thickness of wire of the coils, tension
or quantity can be produced at will. Fine wire increases
the interior resistance and the tension of the current ; thick
wire diminishes this resistance, and increases quantity at
the expense of tension. Tension and quantity are, therefore,
the two elements of an electric circulation, just as pressure
and volume supplied are the elements of the circulation of
fluids in hydrostatics. The energy expended in each case
is the product of two factors, and this product is constant,
whilst the factors vary ad infinitum.

Gramme's Machine with Jamin's Magnets.— Gramme
has constructed a considerable number of different machines
founded upon the principle of the ring and collector. The
one we have taken as a type to explain the production of
the currents and the way of collecting them, is magneto-
electric.

Fig. 30 represents the model of a magneto-electric
machine to which Gramme has successfully applied Jamin's
laminated magnets. Numerous and accurate experiments
have proved that laminated magnets, for equal weight, are
much more powerful than ordinary magnets, provided their
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extremities (Figs. 30 and 31) carry pieces of soft iron which
share their magnetism with the magnet.

Before the adoption of the soft-iron armatures, only five
or six sheets could be superposed with any effect; with the
soft-iron armature, as many as twenty can be used. Jamin’s
magnets have the further advantage of possessing a much
larger magnetic surface—for magnetism is especially power-

Fig.80.—Gramme's machine with Jamin’s Fig. 31.—Jamin’s
maguet (small laboratory model). magnet.
ful on the surface—and a greater facility of mounting,
dismounting, and replacing the sheets.

The magneto-electric machine with Jamin's magnets is
now very much used in the laboratory. It is very easily set
in motion by a pedal or a winch-handle, and it renders very
good service for experiments of short duration, charging of
secondary batteries, etc.
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Gramme's Dynamo-Electric Machines.—However great
may be the power of the magnetic field developed by a

Fig. 32.—Gramme's machine, with two rings for electric lighting.

Jamin's magnet, it is far from being equivalent to that of
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an electro-magnet, and although, theoretically, magneto-
electric machines may have a much greater efficiency than
dynamo-electric ones, these latter are preferred, because, for
equal weight, they transform into electricity a much larger
amount of work than the former.

For these reasons, Gramme, after having constructed
the machines we have described, which are all of rather
feeble power, applied to his ring the principle discovered
by Wheatstone and Siemens. The first dynamo-electric
machine constructed by this inventor dates from 1872; it
was used for galvano-plastic in Messrs. Christofle and Co.’s :
works. It consisted of four electro-magnetic bars and two
coils. The first Gramme machine intended for electric
lighting had six electro-magnetic bars and three coils.

We find in these two machines the principle applied by
Ladd to his electric generator. One of the rings served to
charge the inductors, the two others supplied the external
current, and could be associated, according to the require-
ments, either for tension or for quantity.

Fig. 32 represents a smaller model, in which there
are only two rings: one of them produces the magnetic
field, and the other feeds the external circuit.

In another model, there is only one single ring formed of
120 partial coils, which are connected with two collectors
placed on each side of the ring, so that all the even coils
are in connection with the collector on the right, and all
the odd coils with the collector on the left; the machine,
therefore, works as if there were two distinct rings, which
can afterwards be associated for tension or for quantity.

In this machine, the inductors are arranged in the same
circuit as the coils, as indicated by Wheatstone and Siemens,
in 1867; but according to Fontaine, Gramme’s pateat
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concerning this arrangement is prior to the communication
of these two savants. By simplifying his invention more

Fig. 33.—Gramme's dynamo-electric machine (workshop type).

and more, Gramme has finally succeeded in constructing
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a machine with two electro-magnetic bars and one single
central ring.

This machine is called “ type d’atelier ” (workshop type),
or type A; it is represented in Fig. 33. We find in it
again the coil and the collectors of the magneto-electric
‘machine; the inductors consist of two soft-iron rods fixed
on the frame, and carrying in their centre, where the
poles are situated, two armatures, which surround three-
fourths of the circumference of the ring, and thereby
effectually divide the magnetic field and increase the effects
of induction. ,

In machines for galvano-plastic, where quantity and but
little tension is required, the armature of the electro-magnet
inductors is formed of a single band of thin copper, occu-
pying the whole width of half a bar of the electro-magnet ;
the coil itself is formed of very thick "flat wire, strong
enough to resist the effects of centrifugal force.

Gramme’s machine, in its present form, realizes all the
conditions of a good electric generator ; its only drawback is
the difficulty of coiling the ring, and this drawback is not a
serious one, thanks to the improved methods of construction.

Gramme’s machine transforms, under favourable condi-
tions, eighty-five to ninety per cent. of the work expended
into electricity; these figures clearly show that the efficiency
of these machines leaves nothing to be desired.

The only improvements of which they are capable would
be greater facility of construction and repair, and lowering
of weight and price.

We are now going to describe a certain number of other
machines which, although for the most part founded on the
principles that have been explained, present certain
interesting peculiarities on different accounts.
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Schuckert's Machine.—This machine, which is exten:
‘ sively used on the Continent and also in this country, is
shown in Fig. 34. It consists of two vertical frames
between which are fixed the cores of the electro-magnets ;
the cylindrical cores have a groove in the centre to receive

Fig. 3+.—Schuckert’s wachine.

the revolving armature. The latter consists of a ring built
up of a number of thin discs, insulated from each other
and covered with coils. This ring is nearly enclosed
by the semicircular pole-pieces already mentioned, and
which approach each other within a short distance, near
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the horizontal axis of the ring. The objeet of this special
arrangement is, of course, to bring as large a number of
the convolutions of the armature coils as possible within
the influence of the magmetic field. The commutator of
this machine consists of a number of metal segments in-
sulated from each other, these segments being connected to
the sections of the armature coil. The number of these
sections varies from ten to one hundred, according to
whether the machine is intended for low or high tension ;
and the end of each section is connected to its corresponding
segment by a screw, so as to be easily removed for repair
or renewal.

This generator has probably the highest electro-motive
force of any in practical use, and is, therefore, especially
applicable to installations in which the driving station is at
a considerable distance from the arc to be illuminated, but
it of course requires proportionately increased care in hand-
ling and in the manipulation and fixing of the conductors.

Niaudet's Machine.—In 1872, Alfred Niaudet constructed
a machine of Clarke’s type with Gramme’s collector. It is
magneto-electric (Fig. 35), but its description, without a
previous account of Gramme’s ring, would have entailed
useless repetitions. To understand the working of this
apparatus, each coil must be considered as one of the partial
coils of Gramme’s ring, for Clarke’s coils are all connected
with one another ; the beginning piece of each being con-
nected. with the end-piece of the following coil. The
currents are collected by means of brushes which touch the
connecting points of the different coils.

" The continuity of the current results from the fact that
the collecting springs, before leaving one of the radial
pieces, already begin to touch the next.
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Gramme’s machines supply, for equal magnetic power
and length of wire employed, a more powerful electric
current, while expending less motive force ; this constitutes
a superiority in their favour, which Niaudet is far from
contesting.

He thinks, however, that for telegraphy without
batteries, with continuous-current machines, the extreme
facility of construction of cylindrical fine wire coils, with

Fig. 35.—Niaudet’s continuous-current machine.

the object of obtaining currents of great tension and small
quantity, will justify the employment of this apparatus,
the simplicity of construction of which will compensate for
its inferior efficiency—an efficiency which, in this particular
case, is altogether of secondary importance.

Lontin’s Machine.—Lontin’s machine, patented in 1874,
is a dynamo-electric machine with continuous currents, the
field-magnets being in the same circuit as the armature
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and the external circuit. It differs from Gramme’s machine
by the form of the armature, which is composed of forty
small coils D D (Fig. 36), with their axes converging into
one point, like the radii of a circle. To this arrangement the
armature owes its name of magnetic pinion.

The forty coils, divided into ten rows of four coils each,

Fig. 36.—Lontin's continuous-current machine.

are placed after the manner of screws on each of these rows,
and are provided with an iron core. They thus constitute
a series of electro-magnets which, by turning between the
poles of the inductor A, assume polarities of different sense
at each semi-revolution.

The currents thus produced are collected on a Gramme
collector by brushes formed of very thin copper-foil.
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Both principle and theory of this machine are identical
with those of Gramme’s : the only point in which it differs
from this latter is the special form of its armature.

Lontin uses this machine especially for the charging of
the inductors of his alternating-current machine, which will
be described on p. 116. :

Siemens' Machine.—By this name are generally desig-
nated the machines invented by Hefner Alteneck, engineer
in the employ of Messrs. Siemens, of Berlin. The machine

Fig. 37.—Siemens’ continuous-current machine (m.ddle size).

(Fig. 37) has a cylindrical armature. The induced coil,
formed of sections connected with one another and with
a Gramme collector, is of considerable length and coiled
in a special manner ; the wire only covering the external
part of the supporting iron frame. The induction is, there-
fore, only produced by the exterior face which is presented
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to the inductors; and the thin iron frame, which replaces
Gramme’'s wrought-iron ring, plays a very subordinate
prt

The coiling of the wire is thus rendered easier, and the
coil can be fixed and centred on its axis of rotation in a
much simpler manner.

The inductors, formed of a series of iron plates, are
slightly arched close to the coil; this arrangement allows

Fig. 88.—Siemens’ continnous-current machine (small size).

of a thorough division of the magnetic field, imparting to
this latter its maximum density at the very point where it
ought to act with the greatest energy. The general form of
the machine is also very favourable to its stability. The
collector and the brushes are absolutely identical with those
of Gramme’s machine.
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In this form, and by simply varying the relative dimen-
. sions of the different parts and of the inducing and induced
wires, the machine can be employed for galvano-plastic,
electric lighting by arc or incandescent lamps, transmission
of motive force, ete., like Gramme’s machine.

The machine of smaller size (Fig. 38) is more especially
used for charging the inductors of alternating-current
machines, of which we shall speak hereafter, and differs
from the larger size by the vertical position of its inductors,

Fig. 39.—Wallace-Farmer’s machine.

by which the induced coil is kept further away from the
ground. The collecting brushes are double for each pole.
By this arrangement, one metallic part of the collector is
always in contact with one of the brushes when the other
brush meets an insulated part, and the current is thereby
rendered more regular.

Wallace-Farmer's Machine.—This machine, which owes
its reputation to Edison, who recommended it before he
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invented his own machine, was invented by Moses Farmer,
of Boston, in 18735, and subsequently improved by William
Wallace, of Ansonia (Connecticut). It consists (Fig. 39)
of a disc carrying two series of flat coils in order to utilize
the surface of the dises more thoroughly; each of these
coils is connected with the following, and with a Gramme’s
collector, as in Niaudet’s machine (p.75). The i

~‘(

Fig. 40.—Portion of the armature ring, Fig. 41.—Cross-section
without coils. ) of the armature ring.

arranged for tension in the external circuit. The machine
is double, and each of its halves can act independently, or
the two can be joined together, either for quantity or for
tension.

The Brush Machine.—The most characteristic feature
of the Brush machine lies in the form and construction
of its armature, which consists of a. cast-iron ring, the
cross-section of which is generally rectangular, but in the
direction of its circumference it is alternately wide and

narrow, as shown in Fig. 40, which represents a portion
VOL. L. o
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of the armature ring. On reference to Fig. 40, it will be
seen that the ring is divided into as many sectors as there
are bobbins to be wound, by a number of rectangular depres-
sions or grooves; in these the coils of insulated copper
wire are wound until the groove is filled up and the flat
converging recesses become flush with the face of the
intermediate thicker portions or pole-pieces by which they
are separated from one another.

Fig. 41 is a cross-section of one side of the ring taken
through one of these portions, and it will be observed that
the intermediate thicker portions of the ring are grooved out
by a series of deep concentric grooves, the object of which
is partly to reduce the mass and lessen the weight of the
revolving armature, partly for the purpose of ventilating
the ring and thus carrying away a portion of the heat
generated by the working of the machine, but chiefly for
the localization and isolation of local currents generated by
induction in the iron, and which would tend not only to
reduce the efficiency of the machine by diminishing the
maguetic capacity of the armature, but also to produce a
heating of the ring, and therefore of the coils, whereby a
portion of the current would be lost through their resistance
being increased. For a similar reason, the periphery of the
ring is grooved out deeply so as almost to sever the ring;
by this means all cross currents are effectually cut off, and
induction currents are compelled to flow in directions which
are not detrimental to the efficiency of the machine. This
again increases the area of radiating or cooling surface,
and consequently helps to prevent the armature becoming
overheated.

Fig. 42 is a sketch of the armature ring with all its
coils wound ; the two sides of each groove, and therefore of
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each coil of wire, are parallel to the centre line or radial
plane of the coil, and by the adoption of that form of
bobbin, one of the practical difficulties in the winding of
annular armatures of the ordinary form is avoided. All the

Fig. 42.—Armature ring, with all its coils wound.

coils are, like those in the Gramme machine, wound in the
same direction,

Fig. 43 shows the connections of the coils and the action
of the commutator. The coils are connected in pairs, each
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to that diametrically opposite it, and carefully insulated
from those adjacent to them. For each pair of coils
there is a separate commutator, so that for the ordinary
ring of eight coils there are four distinct commutators
side by side upon the axis. The brushes are arranged
so as to touch at the same time the commutators of
two pairs of coils, but never of two adjacent pairs, the
adjacent commutators being always connected to two pairs

Inside ends of oppoaite
Bobdine connected together

Fig. 43.—Connections of coils and commatator.

of coils that lie at right angles to one another in the ring.
The arrangement is shown in Fig. 43, where each pair of
coils has its own commutator, to which pass the outer ends
of the wire of each coil, the inner ends of the two coils
being united across to each other. In the machine, each
pair of coils, as it passes through the position of least action
(i.e. when its plane is at right angles to the direction of the



ELECTRIC GENERATORS. 85

lines of force! in the field, and when the number of lines of
force passing through it is a mazimum, and the rate of change
of these lines of force is a minimum), is cut out of con-
nection. This is accomplished by causing the two halves of
the commutator to be separated from one another by about
one-eighth of the circumference at each side. In the figure
it will be scen that the coils marked 2 2 are “cut out.”
Neither of the two halves of the commutator touches the
brushes. In this position, however, the coils 4 4, at right
angles to 2 2, are in the position of best action, and the
current powerfully induced in them flows out of the brush
marked A (which is, therefore, the negative brush) into
that marked A!. This brush is connected across to the brush
marked B, where the current re-enters the armature. Now,
the coils 1 1 have just left the position of best action, and
the coils 3 3 are beginning to approach that position.
Through both these pairs of coils, therefore, there will be
a partial induction going on. Accordingly, it is arranged
that the current, on passing into B, splits, part going through
coils 11, and part through 3 3, and reuniting at the brush
B!, whence the current flows round the coils of the field-
magnets to excite them, and then round the external circuit,
and back to the brush A. (In some machines it is arranged
that the current shall go round the field-magnets after
leaving brush Al and before entering brush B; in which
case the action of the machine is sometimes, though not
correctly, described as causing its coils, as they rotate, to
feed the field-magnets and the external circuit alternately.)

! We call a magnetio field a region subject to magnetic action; the
intensity of a magnetic field at a given point can be measured by the deflec.
tion of a magnetic needle placed at this point. The pogition taken up by

this needle indicates the direction of the resultant of the magnetic actions
at this point, and the lines along which the needle sets are called lines of force.



86 THE SOURCES OF ELECTRICITY.

The rotation of the armature will then bring coils 1 1 into
the position of least action, when they will be cut out, and
the same action is renewed with only a slight change in the
order of operation. From this it follows that, whichever
pair of coils is in the position of best action, is delivering its
current direct into the circuit ; whilst the two pairs of coils
which occupy the secondary positions are always joined in
parallel, the same pair of brushes touching the respective
commutators of both.

The four pairs of coils of the Brush machine really con-
stitute four separate machines, each delivering alternate
currents to a commutator, which commutes them to inter-
mittent uni-directional currents in the brushes; and these
independent machines are ingeniously united by the device
of letting one pair of brushes press against the commutators
of two pairs of coils; these paired machines are then
connected in series, by bringing a connection round from
brush A to brush B.

The commutator, which is attached to and rotates with

@ the driving shaft of the machine,
consists of a set of copper rings or

flat cylinders, of which there are

p | as many on the shaft as there are

N\ pairs of coils on the armature, and

: each of these cylinders consists of

two segments insulated from one

Fig. 44.—Section of a copper another on onz side of the shaft
ring of the commutator. by a small air space about one-
eighth of an inch wide, and on the other by a piece of copper
separated from the segments by two smaller air spaces. The
arrangement is shown in Fig. 44, in which A and B are the
two segments connected respectively to corresponding coils
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on opposite sides of the armature, and attached by an insu-
lating material to the shaft S; C is the copper insulating
piece, the object of which is to separate either of the flat
copper brushes or collectors, which press upon the periphery
of the commutator, from either of the segments during the
interval occupied by one pair of coils passing the vertical, or
in other words, through the neutral portion of the magnetic
field ; this occurs twice in each revolution of the armature,
and therefore of the commutator.

Fig. 45 is a diagram illustrating the connection between
the armature bobbins and the magnet coils at the time

Fig. 46.—Connection between armature bobbins and magnet coils.

when the commutators are placing them in the same circuit.
Referring to this diagram, M M and M M are the two
magnets having their similar poles presented towards one
another on opposite sides of the armature coils A A'. Thus
the coil A is under the influence of a magnetic field pro-
duced by the two north poles N N?, while at the same time
its corresponding bobbin A! is under the influence of the
two south poles SS'. A current is therefore induced in the
pair of bobbins A A!, which is transmitted by wires passing
through the shaft S to the commutator C' C% whence it is
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collected by the brushes B' and B? and by them transmitted
to the magnet coils, which are all connected together in series,
and at the same time, the other portions of the commutators
(which are in connection with the other working armature
bobbins) are in contact with the brushes B® and B, by which
they are placed into the external circuit of the machine.

The commutators are a special feature of the Brush
system; and the arrangement by which the position of the
collecting brushes can be adjusted, so as to place them in
contact with the commutators in any desired angular
direction with respect to the position in the magnetic field
occupied by the several bobbins to which the commutators
are connected, is exceedingly simple and ingenious.

The commutating apparatus is represented on the ex-
treme right of the general view of the machine (Fig. 46),
and consists of two pairs of rings, of the formn shown in
Fig. 44, attached to and revolving with the main shaft,
and, therefore, their position is fixed with respect to the
revolving armature of the machine. On to the cylindrical
circumferences of these rings are pressed two pairs of
copper collecting brushes, which rub tangentially against
the commutator rings, one pair pressing above and the
other pair pressing below; a line forming the points of
contact being a diameter of the ring. The copper “ brushes,”
as they are called, are flat strips of elastic copper, about
two inches wide, cut at the ends which press against
the rings, into eight tongues, so as somewhat to resemble
a grainer’s comb, and each comb or brush is wide enough to
cover or be in contact with two armature rings, and in this
way, although two of the coils are insulated twice in each
revolution, the main circuit is never interrupted.

For the purpose of adjusting the brushes so as to make
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contact with the commutators at the most effective angular
position with respect to the magnetic field, they are
mounted to the two opposite ends of two rocking levers,
which are capable of oscillating on the driving shaft, and
can be fixed in any desired position by means of a set-
screw which clamps a stout wire issuing from the base of the
machine. The currents are conveyed from the brushes by
wide strips of thin sheet copper, shown in the general view,
and in order to allow for the variable distances of the free
ends of the brushes from the base of the machine, they are
made undulating or wavy, doubling up as the distance is
shortened, and stretching out when it is increased.

Fig. 47.—Armature of Biirgin’s machine.

Birgin's Machine.—In 1877, Biirgin, of Bale, in order
to bring the mass of the ring closer to the inductor, con-
structed a dynamo-electric machine, in which the induction
is effected on eight distinct rings R, mounted alongside one
another on the same shaft (Fig. 47). The magnetic core of
each ring is a square frame of iron wire, round which are
wound the spindle-shaped screws forming the armature,
thicker in the middle, so that the corners of the square
frame are nearly in the same circumference as the exterior
spirals of the spindle-shaped screws, and thus pass very
close by the poles of the inductors. The eight rings are



ELECTRIC GENERATORS. 91

mounted in somewhat slanting direction, so that the coils
present themselves in succession before the inductors, as in
Lontin’s magnetic pinion. The forty-eight coils are con-
nected with one another, and also with a collector C, like
the coils of Gramme’s machine, and the working of the two
is identical.

The inductors are of cast iron, and mounted for tension
on the general circuit. This machine has the advantage of
being simple, of easy construction, and allows of a precise
adjustment of the rings on the axis of rotation.

Crompton's Compound Machine.—Thc want of some sort
of automatic apparatus which would regulate the current to

= I g
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Fig. 48.—Crompton machine (side elevation).
the number of lamps in circuit haslong been felt, and several

electro-mechanical devices have been invented and added to

ordinary machines, with a view of making them suitable for
this class of work. But if it be remembered that any kind
of exterior regulator can only begin to act after the disturb-
ance which it isintended to avoid has already commenced to
take place, and that even the most delicate mechanical con-
trivance must necessarily be clumsy and sluggish in com-
parison with the lightning speed with which electrical charges
are propagated, there seems little hope that regulation can
ever be obtained by such means. Yet the electro-mechanical
governor ought not to be altogether discarded; its proper



92 THE SOURCES OF ELECTRICITY.

place should be to assist the centrifugal governor of the
engine in keeping the right speed. The regulation of
Crompton’s compound machine, although perfectly suf-
ficient to protect the lamps from injury, and giving them
a current which is constant enough for most cases, is not
mathematically perfect over the whole range for which the
machine is designed, and therefore it is desirable to have an
apparatus which will vary the speed of the engine, so as to
make the regulation mathematically perfect.

' .
oMoy

Fig. 40.—Crompton machine (plan).

The object of maintaining a constant electro-motive force
in the external circuit is obtained by a combined system of
shunt and main coils. The machine shown in Figs. 48, 49
50, is, in general appearance, like an ordinary Crompton-
-Biirgin dynamo, but with the arms of the field-magnets
rixteen inches long instead of eight, and the pole-pieces
heavier than usual. The magnets are excited, partly by
the main current, which is split up into four exciting coils
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wound round the four arms of the field-magnets, and reunited
after having traversed them ; and partly by a shunt current, ’
which flows in series round the fine-wire coils, which are
laid on the top of the main coils. The terminals of the
shunt coils are coupled direct to the two brushes.

The object of splitting up the main current into four
parts is to reduce the resistance of the main exciting coils,
without unduly increasing the size of wire, which would be
a practical difficulty for even winding.

It may be mentioned that the electro-motive force of the
machine has been increased through inclining the arms of
the field-magnets, whereby the length of yoke is diminished.

[ 10"

Fig. 50.—Crompton machine (end elevation).

The speed of this machine is from 1400 to 1800 revolutions,
according to the electro-motive force required.

Edison's Machine.—This machine consists of twelve cast-
iron field-magnets connected in two series of six, the series
having a resistance of 1223 and 1222 ohms. The two
series are connected in multiple are, the aggregate resist-
ance of the field-magnets being thus reduced to 611 ohms.
The magnets are wound with No. 10 wire; their poles are
massive pieces of cast iron. These enormous magnets have
excited considerable attention from time to time,and a good
deal of adverse criticism has been made upon them ; but Mr.
Edison strongly maintains the wisdom of a large invest-
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ment in iron, which is cheap, and which allows him a large
dividend in the utilization of energy. The armature con-
sists in the first place of a steel shaft, over which is fitted a
wooden cylinder. On the central portion of this compound
cylinder a large number of thin discs of sheet iron are slipped,
the discs being separated from each other by sheets of tissue
paper of similar diameter. There are, however, eight inter-
mittent iron discs of a quarter of an inch in thickness,

Fig. 51.—Armature of the Edison machine (connections made).

to give the necessary strength, and the whole is bolted
together by eight bolts. These iron dises form the core of
the armature. Copper discs of a somewhat larger diameter
than the iron discs are placed at each end of the built-up
core. There are fifty-three of these disecs wound with 0-102
wire, with alternate discs of prepared paper for insulation.
These copper discs have each two lugs on their circumference,
to which the armature rods are connected. In the details
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shown in Fig. 51, W indicates the copper disc, A the lug,
I the armature rod, S the connection to the commutator.
The arrangement is shown both when the connections are
made (Fig. 51) and when disconnected (Fig. 52).

The special feature of the machine is the use of copper
rods I to take the place of the usual windings of wire;
they are 106 in number, narrowing slightly to the inside
face, with rounded edges. These rods are wrapped by
machinery with prepared paper, the layers of paper being
each coated with a special insulating material. The

Fig. 52.—Details of armature (disconnected).

rods are separated from each other at every foot of their
length by pieces of vulcanite fibre encased in mica and also
by an air space. Every alternate rod is connected through
a radial copper rod with the commutator. The blocks of
the commutator K (Fig. 53) are fifty-three in number, and
taper in a similar manner to the armature bars; they are
bevelled at the ends and separated by strips of mica. At
the back of the radial bars, and acting as a facing to the
copper discs, is a mahogany disc. The ccmplete armature is
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wound with steel wire, with double mica insulation under-
neath ; this wire is intended to counteract any centrifugal
action. The bar upon which the brush-holders are fastened
is shown at H (Fig. 53) ; the brushes are connected with the
main conductors C, through levers as shown, and can be
changed as regards position in the commutator as required-
The drawing shows clearly how this is done. So careful
has the inventor been to consider everything connected
with the machine, that, to prevent oxidation, the threads of
the radial bars, the lugs on the armature, bars, discs, screws,
and other contacts are lightly plated with gold. This
perfection of contacts, together with the large sectional
area of the armature rods, ensures low resistance.

The engine is forty horse-power nominal, working up to
about 125 horse-power indicated. The engine is connected
direct to the shaft of the armature, which revolves at the
rate of 350 revolutions per minute. This machine is in-
tended to supply the current for 1000 Edison lamps of
sixteen candle-power each.

In the engraving A A shows the channels by which air is
driven to circulate around and keep the commutator cool.

The Weston Machine.—The machine represented in
Fig. 54 has, by the arrangement of the field magnets,
a certain resemblance to one of the forms of the Gramme
machine. These inductors consist of six cylindrical hori-
zontal electro-magnets, whose poles are joined to two polar
pieces placed one above the other below the armature. The
coils of these electro-magnets are coupled for series and
traversed by the current of the machine. The armature
performs about 900 revolutions per minute. The polar pieces
which surround this latter,instead of being continuous,are cut
up into grooves T, T, T, T, T, T’ (Fig. 55). The polar pieces
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in this figure are represented as they would be seen from
one of the ends of the machine after the plates at the end
and the coils had been removed.

@ ® It will also be seen that th'e space

between the two polar pieces is

. 1M ML ‘ﬂ!ﬂr larger in the centre than towards

5 the extremities of the armature,

T Tﬂﬁﬁf the length of the grooves diminish-

ing towards the centre. According

S5 A to Weston, a greater regularity of

® current is ensured by this arrange-

Fig. 5. Polar pieces of the ment, as the induction of the

armature. armature coils is effected from the

centre towards the extremities, and vice versa, instead of

taking place simultaneously along the entire length of one

of the armature elements. The grooves in the polar pieces

are meant to prevent the production, in the iron mass, of

Foucault’s currents, and further to facilitate the cooling, by
ventilation, of the polar pieces and of the armature.

This latter has quite a particular construction. The

il

cylinder on which the wire is wound, instead of being of
one single piece, is formed of a
number of sheet-iron wheels of

the form represented in Fig. 56.
These wheels have sixteen teeth
each, are fastened on the shaft
Qg and separated by discs, of which
there are thirty-six. At both ex-

tremities two solid pieces of the

Fig. 5b-—Arm8tur°-Wh°°1- same diameter as the discs are
fastened to the shaft to keep the toothed wheels and discs
in their places. The armature has now the form of a
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cylinder, with hemispherical extremities and sixteen longi-
tudinal grooves. These grooves contain the wire coils, each
group of wire being placed in a special groove. Perfect
ventilation is thus ensured, the armature being not only
hollow but having 16 X 36, or 576, openings. The hemi-
spherical extremities are also provided with windows, and
a continuous circulation of air is thus established in the
apparatus.

The collector shown in Fig. 54 is similar in principle to
the Gramme collector, but the plates have a slightly curved
shape, and are only separated by air instead of a solid
insulator. The object in giving the plates that peculiar
shape, is to obtain a continuous contact of the brushes
with the two plates, and thus to ensure greater regularity
of current. The brushes are formed of a dozen separate
pieces of thin sheet copper, the edges of which press against
the curved plates. The brushes are besides mounted on a
novable support, which allows of their being placed in
a convenient position.

Fein's Machine.—In this machine the ring is fastened to
the shaft in such a manner that nearly the whole length of
wire is energized by the inductors. Fig. 57 represents the
section and Fig. 58 the perspective of the apparatus.

The ring R R is fastened by means of screws and screw-
nuts to an indented piece of brass S S, which is bolted on the
shaft a @, and, together with the shaft, driven by the fly-
wheel J. The extremities of the wires of each group pass
either between the branches of each indented piece or
through holes pierced in these branches and lined with
some insulating material, and are all finally connected to
the commutator C. This latter, for the sake of convenience,
is placed outside the mounting of the machine.
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The current is, as usual, collected by two brushes
Band B. In order to avoid the formation of Foucault’s
currents, and the rise of temperature consequent upon it, the
ring is formed of a series of very thin iron plates insulated
from one another.

The cores of the field-magnets E E are connected to the
armatures M M, which enclose the ring, and to these arma-
tures are screwed the funnel-shaped polar pieces A A,

Fig. 57.—Fein’s machine (section).

which surround the interior and one of the sides of the ring,
as shown in Fig. 57.

By this arrangement nearly the whole length of wire is
acted on by the inductors,and the only part which does not
contribute to the production of electro-motive force is the
part fixed to the indented piece.

It is very easy to ascertain that this arrangement in-
creases the efficiency of the machine. After having worked
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it in its normal condition, we have only to take out the
interior polar pieces and work the machine like an ordinary
Gramme ; the intensity of the current will now scarcely
be one-half of ‘what it was originally.

The advantages of this mode of construction may there-
fore be summed up as follows :—

1. The wires of the ring are, almost in their entire
length, exposed to the action of the inductors, and the

Fig. 58.—Fein’s machine (perspective).

resistance in those parts of the wire which do not produce
any electro-motive force is very feeble.

2. The arrangement of the ring is such that the for-
mation of Foucault’s currents is nearly eliminated ; the loss
of work through overheating is therefore very small.

8. The ring, being of moderate size, rotates very easily,
and the machine, in proportion to the effects which it pro-
duces, expends but a small amount of work.

The Jirgensen Machine.—This machine, as will be seen
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from Figs. 59 and 60, is a modification of the Gramme
machine.

The inductors a, a,, plaged on the foundation plate a,
form a large horseshoe electro-magnet, with polar enlarge-
ments. To prevent the deleterious vibrations of the two
arms, their poles are joined at the top by an insulated
plate, and sustained below by two insulated supports I
The coiling of the wire of these field-magnets presents
this peculiarity, that the number of coils increases in pro-
portion as they approach the polar enlargements: this

Fig. 59.—The Jiirgensen machine (elevation).
arrangement is intended to concentrate as much as possible
the magnetic intensity towards the poles. There is also a
certain amount of empty space left between the individual
wire coils, in order to facilitate the circulation of air and to
diminish the heating of the wires. In addition to these
field-magnets, the machine contains yet another system of
electro-magnets placed inside the revolving armature. These
electro-magnets are flat, slightly shorter than the armature,
and arranged in the form of a cross. The poles of the same
name are placed alongside one another, and are joined by a
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common piece of soft iron. Two interior poles are thus
obtained facing the external poles of the same naine, and a
very powerful magnetization of the armature ensues.

This latter is composed of a certain number of iron
rings b, of the same size, insulated from each other, and joined
by transverse pins along the whole length of the armature.
At each of its extremities the iron cylinder of the armature
carries three spindles b;, on which are fixed the copper
dises g, and g, One of them g, carries a steel ring,
turning freely round the spindle ¢ whose projecting part

Fig. 60.—The Jiirgensen machine (section).

revolves in the bearings m of the main standard f. The other
disc g, is attached to the driving shaft &, which carries the
pulley . The discs g, and g, are each pierced by six openings,
the edges of which are bevelled off or provided with fans,
as will be seen from the small sketch annexed to Fig. 59 ;
in this way the cylinder, in turning, acts as a ventilator,
and sends a strong current of air into the interior of the
machine, which prevents the overheating of the armature.
The massive plates g, and g, also contribute, by their con-
ductivity, to the cooling of the iron cylinder.
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The armature wires are coiled as in Gramme’s machine,
and the collector is also the same, only Jiirgensen, instead of
employing two brushes, uses four. They are carried by the
upright piece %, can be rotated round the axis of the machine,
and are thus placed in the most convenient position.

When the two principal brushes alone are employed,
the current traverses first of all the field-magnets, and then
the external circuit, unless a special exciting machine is
used. The auxiliary brushes are intended for taking a
shunted current from the collector, by means of which the
field magnets are excited.

The original parts of Jiirgensen's machine are, first of
all, the electro-magnet inside the armature; secondly, the
special coiling of the wires of the field-magnets; and thirdly,
the effective ventilation produced by the rotation of the
armature. This latter arrangement is advantageous because
it lessens the heating of the machine.

Hefner Alteneck’s Machine—By an ingenious arrange-
ment of commutators and collectors, Hefner Alteneck sue-
ceeded in transforming Siemens’ alternating-current machine
into a continuous-current machine. The result is interesting,
in so far as it shows the prevailing tendency of inventors
to create continuous-current machines, which are capable of
a more general application than machines with alternating
currents, '

The Arago Machine.—Machines in which a circular series
of coils or of electro-magnets successively traverses alternate
magnetic fields are for the most part alternating-current
machines. Such are, for instance, the Alliance, Lontin’s,
De Meéritens’, Siemens’, etc., machines, which will be found
on p. 109 and following. There has been a tendency, how-
ever, to construct, with the same arrangement, continuous-
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current machines, and the Arago machine belongs to this
kind of apparatus, as well as Hefner Alteneck’s and Hop-
“kinson Muirhead’s machines.

The Arago machine, constructed by the American Ball,

consists of two electro-magnets, with two coils E E (I.‘Jgﬁl)\

fardacnnd La dhn cnnssmdionm AP tha smnahinas Ahacad alanken »

Fig. 61.—The Arago machine (with two electro-magnets).

magnets carry enlargements in the form of sectors, which
enclose on each side a great part of the armature ring.
This latter is formed of six coils without iron; the wire
is wound round a piece of wood, and the coils formed in
this way are held between two discs fastened on the shaft,
and a double copper ring which forms the circumference.
The six coils are joined together in series, and from the

~.
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point where the wire of each is connected to the following
coil, they are, by means of a conducting wire, placed in
communication with a Gramme collector. Thus we have
an armature of similar construction to that of Siemens’
alternating machine, but with a Gramme collector. The
brushes are arranged as in most of the machines having
a collector, and in certain cases the plates of the collector
are so arranged as to short-circuit that pair of opposite
coils which happens to be in the neutral line; thus the
pair of inactive coils does not introduce any injurious
resistance into the working. It will be remembered that
a similar result is also obtained in the Brush machine.

A second type, represented in Fig. 62, has altogether
twelve electro-magnet coils, and consequently six alternate
magnetic fields. The armature ring is constructed in the
same way as in the preceding machine, and contains coils
without iron. The commutator is composed of twenty-four
plates. As regards the principle by which the currents are
rendered continuous, it is absolutely the same as that
employed in Hefner Alteneck’s machine. It is alleged
that Ball's machine was constructed before Hefner
Alteneck’s; but there can be no doubt that a description
of the latter appeared before Ball's machine had ever been
mentioned.

The Arago machine with six electro-magnets (Fig. 62)
presents a special arrangement which does not exist in the
former machine. Each of the induced coils is divided into
two magnetic fields, and a current is produced in the
external circuit by those parts of the field which possess the
highest intensity. The induction produced in the other
parts of the field engenders a current which feeds the
inductors. In consequence of this arrangement, the collector



107

ELECTRIC GENERATORS.

*(sjou8em-01303[9 X18 Y1M) dugowvwm 0381y oy —73Z9 ‘J1d



108 THE SOURCES OF ELECTRICITY.

is divided into two distinct parts, each corresponding to
one of the circuits mentioned.

The brushes L L, too, have a special mounting. Their
supports are fastened to a ring A outside the frame of
the machine, and the brushes themselves are, on the other
hand, kept in position by springs starting from rods, which
are likewise fastened to the ring.

It is stated that, with a speed of 1000 revolutions per
minute and an expenditure of from five and a half to six
horse-power, this machine can feed from ten to twelve arc
lamps of average power.

Various Machines.—The number of new machines with
continuous currents increases daily, in almost alarming
proportions, and it is almost impossible to keep pace with
them. We have restricted ourselves to the description of
those apparatus which present any new or interesting
details of construction.

Maxim, of New York, has constructed a generator with
Gramme’s ring and Siemens’ inductor, which is chiefly
characteristic for its mode of current regulation. We shall
refer to this machine again in the chapter on the applica-
tions of electric lighting.

Giilcher uses for his lamps (with voltaic arc), which are
all placed on shunts, a machine with four coarse-wire
poles, with the view of producing quantity. The Gramme
ring is flattened, and the two opposite inductors are
connected by a U-shaped armature, which surrounds the
ring to excite it on three sides.

We must here close the list of continuous-current
machines. Their number is legion, and only part of them
have been tested in practice; experience alone will enable
us to select the really practical ones from amongst so many.
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B.—MACHINES WITH ALTERNATING CURRENTS.

If we consider a spiral of an induced coil during an
entire revolution of the movable mass—inductor as well as
armature—round its axis of rotation, we find that in all
machines which we have considered till now, each spiral
was traversed alternately by two or an even number of
currents of opposite direction. These currents were col-
lected, more or less successfully, in the external circuit, so
as to obtain ‘them always in the same direction, and to
produce a continuous current. For certain applications it
is absolutely useless to invert these currents. In certain
machines, as for instance those of the Alliance, this in-
version of currents could only be effected with great loss,
which might easily be avoided if we content ourselves
with collecting the currents without inverting them.
Machines which realize these conditions are alternating-
current machines, and are divided into two classes, like
the continuous-current machines: into machines with per-
manent magnets and machines with electro-magnets.

a.—Magneto-Electric Muchines with Alternating Currents.

It suffices to suppress the inverting commutator of the
electro-magnetic machines of Pixii, Clarke, Page, Siemens,
etc, and to replace it by a simple collector, in order to
obtain apparatus with alternating currents, whose power
will depend, as with continuous-current machines, on the
intensity of the magnetic field, the velocity of rotation
of the coils, their dimensions, number, etec.

Alliance Machines.—In 1849, Nollet, Professor of Physics
at the feole Militaire of Brussels, constructed a Clarke
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machine on a large scale, and this machine is now known
under the above name.

After endless disappointments, of which the details are
to be found in Count du Moncel’s Ezposé des Applications
de l’l':'lectricite', the Alliance machines, originally intended
to give continuous currents, were, on the advice of Masson,
Professor of Physics at the Ecole Centrale, transformed into
alternating-current machines. They gave, by this simple
change, incomparably better results, and were adopted, as
early as 1863, for the electric lighting of the lighthouses of
La Heve.

The Alliance machine is well known now; we shall
simply indicate its principle. It is a Clarke machine of
large dimensions, and its construction renders the multipli-
cation of induction coils and induction magnets an easy
matter.

For this purpose the coils are arranged on discs, and
turn between the horse-shoe magnets, placed all round the
circumference ; each disc carries from eight to sixteen coils.
The largest machine constructed up to the present has
six dises of sixteen coils each, and fifty-six inducing
magnets. For each revolution of the machine the wires
of the coils are traversed by currents, which change their
direction each time a coil passes before the poles of the
inductors.

For a speed of 400 revolutions per minute, more than
100 changes of the direction of the current are obtained per
second. The connections of the coils with the collectors
can be arranged so as to satisfy either quantity or
tension.

The Alliance machines with alternating currents are
good machines, working very regularly, and of consider-
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able efficiency ; they are not extensively used, because they
occupy a large area in proportion to their power, because
they are too heavy, and their price is too high for the work
they transform into electricity. From this point of view
they can be compared with low-pressure engines with
condenser and low speed, of good efficiency, but to which
we prefer engines of great speed, high pressure, and with-
out condenser, because they are, with equal power, less
heavy, less expensive, and less cumbersome.

De Méritens’ Machine.—The machine invented in 1878
by De Méritens is also magneto-electric, but it differs from
the Alliance machines by the shape of the coils, and by the
way in which the induction currents are developed in the
wires surrounding the armature ring.

We borrow the theory of this machine from Du Moncel’s
work on U'Edairage Electrique—

“To understand the working of De Méritens’ machines,
let us suppose a Gramme’s ring (Fig. 63) divided, for instance,
into four sections, magnetically insulated from one another,
and thus forming four arched electro-magnets, placed end
to end. Let us suppose the iron core of each of these
sections terminating at its two extremities in an iron piece
A B, forming, as it were, an enlargement of its poles; and
let us suppose that all these pieces, united by means of a
copper piece C D, constitute a solid ring, around which
are placed permanent magnets, N S, N S, of alternately
inverse polarity. Let us consider what will happen when
this ring accomplishes a rotation round its axis. The
enlarged pole B, on its way from left to right, approaches
N; at this moment an induced magnetic current will be
developed in the electro-magnetic helix A B, as in a
Clarke’s machine. This will be an instantaneous current of
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inverse sense to Ampere’s particular currents of the inducing
magnet ; it will be very strong, on account of the proximity
of B to pole N. In the core A B a series of magnetic dis-
placements will occur, which will give rise to a series of
currents of inverse polarity, from B to A; these currents
will be direct with regard to the particular currents of N,
but they will not be instantaneous, and will go on increas-

Fig. 63.— Theoretical diagram of De Méritcns’ machine.

ing in strength from B to A. Dynamic induction currents,
resulting from the passage of the spirals of the helix before
pole N, will be joined to these currents. When A leaves N,
a demagnetizing current will be produced, equal in strength
and of the same direction as the magnetizing current result-
ing from the approach of the enlargement B to pole N.
The effect is in reality produced at a different extremity of
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the magnetic core, and the helix presents itself to the
action of the inductor in an inverse sense. Hence the in-
duced currents will be inverse to the inductor from the
fact of the approach and withdrawal of the enlargements
A and B, and we have direct induced currents during the
passage of the length of core A B S before the inductor,
and direct induced currents resulting from the passage of

Fig. 64.—Details of D¢ Méritens’ machine.

the spirals before N. All the causes of induction are thus
united in this combination.

“The action which has been described for a single
section of the ring can be effected at the same time for all
the others, and to it will be added the currents resulting
from the lateral reaction of the poles A and B on the
neighbouring poles.

“In order to strengthen the effects of induction, M. de
Méritens forms the core A B and the enlargements A and
B with thin iron plates, cut out with a cutting machine, as
shown in Fig. 64, and placed alongside of each other in
bundles of fifty, of one millimetre thickness cach.

VOL. I I
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“The wires of the helices are joined in such a manner
that the indirect currents can be associated for tenmsion,
quantity, or series, according to the special requirements.
In the theoretical diagram which we have given, we have
only considered four sections, but in reality there is a

Fig. 65.—Dec Méritens' machine.

much greater number, and in the model of which we have
spoken, there are sixteen, which can be easily distinguished
(Fig. 65).

“They are mounted on a bronze wheel, which is fixed
to the shaft of the cngine. The inducing magnets are
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placed above this wheel; they are securely fastened to two
bronze frames, and arranged horizontally. Fig. 65 will
show how the different parts of this machine are mounted.

- “It will easily be seen that the construction of the
armature ring presents the most favourable conditions from
a practical point of view. Each section being separate, it
can be dismounted separately, and supplied with a coil of
wire without any trouble. Whoever knows the difficulty
which the coiling of Gramme’s ring presents will be able to
appreciate this advantage. The arrangemeht of the core,
with the plates placed alongside of each other, and which
can be cut by one single operation of the cutting machine,
is another immense advantage, rendering unnecessary the
great precision in the construction of these rings, which
can only with the greatest difficulty be kept perfectly
round.”

For the lighting of lighthouses, De Méritens has con-
structed, on the same principle, a machine with five discs,
very similar in appearance to the Alliance machine. The
five movable armature rings, which can be joined for ten-
sion or quantity, or employed separately, according to the
requirements, turn before the extremities of the magnets,
instead of turning before their faces, as in the machine with
one disc.

b.—Dynamo-Electric Machines with Alternating Currents.

Dynamo-electric machines differ from magneto-electric
machines by the nature of the inductors, which with the
former are electro-magnets, while permanent steel magnets
are used for the latter.

In continuous-current machines the current of the
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machine itself is used for the magnetization of the in-
ductors; this is not feasible with alternating currents, unless
special arrangements are made which will be mentioned
hereafter.

It follows that, to constitute a dynamo-electric machine
with alternating currents, two machines are required : one
" of them is called the exciting, inducing, or magnetizing
machine, is of comparatively small size, and is used for
charging the electro-magnets of the second, which is called
the distributing, division, or light machine; this latter
furnishes alternating currents in one or several circuits.

Lontin, Gramme, and Siemens all use two machines—an
exciting machine with continuous currents, and a division
machine; but each of these systems present certain dis-
tinctive peculiarities of construction.

Lontin’s Alternating-Current Machine.—The first dynamo-
electric machine with alternating currents and special in-
duction machine was constructed by Lontin; he used the
continuous-current machine described on p. 76 for this latter
purpose. The current produced by it passes into the
inductors of the division machine, which has the following
construction :—

The current of the induction machine passes over to the
pinion of the division machine by two brushes fixed to
the terminals F F (Fig. 66). This pinion, which turns
round an horizontal axis, is composed of twenty-four iron
teeth A. Each of these teeth is surrounded by a spiral of
copper wire ; the current of the induction machine traverses
this spiral, and magnetizes each tooth, by alternately
changing the polarity of the poles in the external cir-
cumference.

A fixed crown, with twenty-four teeth fixed on the
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_ internal circumference, opposes the movable pinion, and
thus forms a series of coils, which, by the extremities of
the wires surrounding the core, are all connected with an
apparatus called the manipulator, whose function we are
going to describe.

By imparting to the magnetic pinion a rapid rotatory
motion, the teeth of the pinion, in their passage before the
coils B, develop induction currents whose direction varies
twenty-four times for each revolution. A machine with
twenty-four coils, revolving at a normal speed of 360 revo-

Fig. 66.—Lontin’s division machine.

lutions per minute, produces 8640 changes of polarity in
the core of the coils B; that is, 8640 currents of alternately
inverse sense, or 144 inversions per second.

The extremities of the wires of the coils B are fixed to
the terminals m of the manipulator M. By the help of the
manipulator, the coils can be joined either for tension or
for quantity, and in larger or smaller number. Twenty-
four distinct circuits can be established, or the twenty-four
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coils can be arranged in series, on a single circuit, for the
feeding of one single powerful focus.

In this machine the armature is fixed and the inductor
is movable, as in Pixii’s multiple machine, with this differ-
ence, that the movable magnet is replaced by an electro-
magnet which, for equal weight, has twenty times more
power than a permanent magnet.

Gramme's Machine.—In this, as in Lontin’s machine,
which preceded it, the armature is fixed, and the inductors

Fig. 67.—Diagram of Gramme’s alternating-current machine.

overcharged by a Gramme's machine (p. 70), are movable.
The inductor (Fig. 67) consists of a magnetic pinion, formed
of eight straight electro-magnets with alternating poles,
which produce in each of the sections of the induced helix
alternately inverse currents. The fixed armature is a long
iron cylinder, arranged like the ring of the continuous-
current machine of the same inventor.

It will be seen from the diagram (Fig. 67) that, the wires
of the armature being fixed, they can be joined in different
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ways. Every eighth part of the circumference of the ring
is divided into four sections; the thirty-two sections or
elements consist of eight groups of four elements each ; all
the sections a are joined to form one first group—for a
reference to the diagram will show that all the sections a
are in the same position with regard to the eight poles of
the movable inductor, and therefore associated ; in the same

Fig. 68.—Gramme’s alternating-ourrent machine.

way, the sections b are united in a second group, sections
¢ in a third, and sections d in a fourth.

By placing sixty-four sections on the ring instead of
thirty-two, many other combinations are possible.

As in Lontin’s division machine, there is no commutator;
two movable rubbers, in the shape of brooms or brushes,
press against two distinct circles, and conduct the current
from the exciting machine to the movable pinion.
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' The machine is enclosed between two lateral cast-iron
mountings, and encased by a number of mahogany planks,
which effectively protect the exterior ring against all
shocks.
The diagram shows the fly-wheel and strap for setting
the machine in motion. Gramme constructs machines of
this type of different sizes; from machines to feed four

Fig. 69.—Sicmens’ division machine.

Jablochkoff candles in one circuit, to machines as used in
the Hippodrome in Paris, which produce a current power-
ful enough to feed sixty candles, arranged in twelve circuits
of five candles each.

Siemens’ Machine.—Hefner von Alteneck’s machine,
constructed by Messrs. Siemens, whose name it bears,
differs from Lontin’s and Gramme’s machines by having
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fixed inductors and movable armatures. The exciting
machine is Siemens’ small-sized machine, represented in
Fig. 38, p. 79. 1Its current passes to an inductor formed of
thirty-two electro-magnets, which are fixed to two cast-iron
rings, sixteen on each side of the movable armature.

The extremity of the core of each electro-magnet carries
a little iron plate, which constitutes an enlargement of
the pole, and thus facilitates induction; these poles are
alternately of inverse sense. The armature consists of
sixteen flat bobbins fixed to a plate, and revolving very
rapidly in the circular space between the two series of
inductors. The armature bobbins have no iron core as in
other systems; the current is therefore developed in them
merely by the passage of the spiral coils through the
magnetic field of the inductors, and not by any magnetic
overcharge or by the inversion of polarity of their cores.

The bobbins are previously grouped in the most con-
venient way for obtaining the desired results, and the
currents are collected by means of brushes rubbing against
the collectors, which are fixed to the extremities of the
armature bobbins. A machine of this kind, with sixteen
bobbins, is divided into two circuits; each of these circuits
can feed ten of Siemens’ differential lamps. Three con-
ducting wires are sufficient for this purpose, for the return
wire can be common to both circuits.

Gordon’s Large Machine.—The dynamo-electric machines
used for lighting have till now been of comparatively small
dimensions; only Edison’s machine, capable of feeding
1200 incandescent lamps, had attained larger dimensions.
There can be no doubt that the future belongs to large
machines, and with this conviction, Gordon has constructed
his machine, the largest in existence, and which is repre-
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sented in Fig.72. It is an alternating-current machine, with
separate exciting machine, similar in principle to those of
Siemens, Wilde, etc. The inductors are movable, and the
induced coils are fixed. Two Biirgin machines are employed
as exciting machines, and the motor acts direct upon the
shaft without the use of any transmission.

The total weight of th