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ELECTRICITY IN THE SERVICE OF MAN.

By C. F. BRACKETT.

Tae AcE of ELecTRICITY—FIRST USE oF THE TERM ‘ ELECcTRICAL”—Two0 KINDS OP
ELECTRIFICATION—CONDUCTORS AND INSULATORS—THE ACTION OF INDUCTION—
How TO DETERMINE DIFFERENCE OF POTENTIAL—VoLTA’S Discovery—THE
IMPORTANCE OF OHM'S LAW—WHAT 1S ELECTROLYSIS ?—EXPERIMENT IN THE
MaoeNeric Frep—How T0 C(ONSTRUCT AN ELecTro-MaeNET—PRINCIPLES UN-
DERLYING THE DyYNAMO MACHINE—WHAT 1S A TRANSFORMER ?-—OPERATION OF A
STORAGE BATTERY—FUNDAMENTAL UNITS OF ELECTRICAL MEASUREMENT—USE OF
THE TANGENT-GALVANOMETER—THE PracticaL UNnrr or ELEcTROMOTIVE FoORCE
—ELECTRICITY AS A SOURCE OF ENERGY,

LECTRICAL phenomena have now come to be such important

E factors in the daily administration of human affairs that the age

in which we are living may, with a certain propriety, be called the

age of electricity, just as former ones have been called, respectively, the
ages of stone, bronze, and iron. ’

It may be taken for granted that the curiosity or interest of every
reader of this book will prompt him to inquire, if he has not already
done so, how the mysterious agent which we call electricity is brought
under control and directed so as to perform the almost infinitely varied
service which is now exacted of it. In fact, almost every industry and
art is either so dependent upon, or influenced by, its application that no
one, whatever his pursuit, can ignore them and yet hope to attain a
foremost place.

It is the purpose of this chapter to set forth, in a general way, some
of the common methods in accordance with which the more impn*



2 ELECTRICITY IN THE SERVICE OF MAN.

electrical phenomena are produced, the laws which these phenomena
reveal, and the principles involved in the measurement of electrical
quantities. What I shall have to say will be concerning principles
which will be fully applied in the course of chapters which are to
follow.

The term electrical was first employed in 1600, by Dr. Gilbert, to

OTTO GERICKE Fariis of Republ: M. ﬁ?auu Consul,
'/u.s/n-’, Unsvers.Pac. Tmﬂawfn-y Os
Pduﬁy auf
designate the attraction which amber (7Aextpor) and other substances
of its class exhibit when rubbed and presented to light bodies, such as
bits of pith or paper. This term and its corresponding substantive
have been everywhere adopted in reference to the phenomena we are
about to consider.



SIR HUMPHRY DAVY. . 3

If a piece of amber, or resin, and a piece of glass be rubbed to-

* Sir Humphry Davy was one of the earliest and most successful investigators of
the effects of the electric current.
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gether and then separated, they are no longer indifferent to each other
as before, but each attracts the other. In this condition the bodies are
both said to be electrified, or charged with electricity. Evidence of this
condition is easily secured by suspending one of the charged bodies so
that it can move freely, and then presenting the other. An electric
charge may be communicated to bodies which have not been rublked,
on merely bringing them in contact with one which is already electri-
fied. For example, a light ball of pith suspended by a silken thread
will be charged by such contact, and it can then serve as an electro-
scope; that is, it can be employed as a means of detecting the electric
condition of any body to which it may be presented.* A light straw,
balanced so as to turn freely on a fine point, may serve the same pur-
pose. .

If the pith-ball electroscope be presented to one of the two rubbed
bodies just mentioned, say the glass, it will be attracted to it, and after
remaining in contact with it for a short time, it will be repelled. If,
now, it be presented to the other body it will be attracted. The two
forces being oppositely directed in the two cases. as respects the charged
bodies, we have a sufficient justification for saying that there are two
kinds or states of clectrification, and it 13 sometimes said that there are
two kinds of electricity. The latter statement, however., must be un-
derstood to be only a convenient mode of expression which does not
imply any knowledge of the nature of electricity itself.

Electricians have adopted the language of mathematiés, and they
accordingly speak of one state of electrification as positive and of the
other as negative, making the convention that the electrification, or the
charge, which glass presents when rubbed with silk shall be regarded
as positive.

When metals, and moist bodies which are not metallic, are held in
the hand and rubbed, they do not show any signs of electrification.
Such bodies, however, may be electrified by rubbing, if the precaution

* Gericke was the first to observe repulsion between electrified bodies, and the in-
ventor of the first electrical machine, about 1660.
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be taken to'support'them by means of glass, resin, or, in short, by any
body which can be electrified by friction while held in the hand. A
metallic sphere, for example, supported by a glass rod, may be strongly
charged by whipping it smartly with a piece of dry flanuel.

Suppose two metallic spheres so supported, and joined by means of
a metallic wire, as below, while somewhat remote from each other. If
one of them be struck a few times with dry flannel, both spheres will be
found charged in the same sense. If, now, either of the spheres or the
wire which joins them be
touched with the finger, the
entire electrification of the
system disappears. The wire
in this case is said to conduct
electricity from one sphere to
the other, or when touched,
it, together with the person of
the experimenter, conducts the
electricity to the earth. All
bodies which can act in this
way are called conductors.
Threads of silk, rods of glass,
sealing wax, and the like can-

not act in this way, and ac-
cordingly they are called non-

Insulated Metallic Spheres, showing inductive action.

conductors or tnsulators.

There remains to be described another way of producing the charged
condition of insulated conductors. If one of two insulated metallic
spheres be charged by means of {friction, and then be brought near the
other, the latter will show signs of both electrifications at the same
time—the remoter portion being charged in the same sense as the
originally charged body. This action of the one body on the other
1s called induction. 1If while this action is manifest the two spheres
be widely separated from each other, the sphere which was originally
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charged will retain its charge, but the other will not. If the spheres
be brought near together again, induction will take place as before. If,
when this is done, the sphere which is subject to inductive action be
touched with the finger, it will appear to be entirely discharged. On
removing it from the influence of the inducing sphere, however, it will
be found to be charged in the opposite sense. In this way it may be

Insulated Metallic Spheres, electrified by contact with charged conductur and by conduction,

charged as many times as we please, and the successive charges may be
employed for any purpose to which we may wish.to apply them. We
can thus produce an unlimited amount of electricity without impairing
the charge of the inducing sphere. This can only be done, however,
by the expenditure of work. , '

When two bodies are in different electrical conditions, so that an
attraction exists between them, theyv are said to be at different potentials,
or what is the same thing, there is said to be a difference of potential
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between them. If the bodies are conductors, and if they be brought in
contact, either directly or mediately, by means of a third conductor, a
redistribution of electricity will take place, and they will then be at
the same potential.

Difference of potential may be determined by welghmg the attrac-
tion which a charged metallic plate of known dimensions can exert
upon another plate at a definite distance from it. An arrangement

Sir William Thomeon's. After the plan of Harris.
Electrometers for Measuring Difference of Potential.

suitable to exhibit the method is shown at the right in the illustration.
At the left is shown an electrometer, designed to accomplish the same
end more conveniently and accurately. The attracting plates are in the
interior of the apparatus, and the force is measured indirectly by means
of suitable springs.

Electrical machines are only more or less convenient contrivances
for producing great differences of electrical potential by means of frie-
tion or inductive action as above. [See Toepler-Holtz Machine, ]

-
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The laws of electrical attraction and repulsion thus far considered
may be briefly stated thus: Unlike electricities mutually attract, and
like electricities mutually repel. The attractions or repulsions are pro-
portional, directly,-to the product of the numbers which denote the
quantities of the electricities concerned, and inversely to the square of
the number of units which measure the distance between them.

At the very beginning of the present century, Volta, stimulated by

Thomson's Quadrant Electrometer, for comparing potentials.

Galvani's recent discovery of what he called ‘“animal electricity,”
invented the “pile” and the “crown of cups.” We now speak of any
equivalent arrangement as a voltaic battery. Without attempting to
trace out the path of discovery and invention pursued by Volta, it will
be sufficient for our purpose if we make clear the general construction
and action of such an apparatus.’

If a plate of zinc and a similar one of copper be nearly immersed
in water containing a little sulphuric acid, which may be held in any
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suitable vessel, no noteworthy action will be appareni so long as the
metals do not touch; but if they be brought in contact, or be joined
bv means of a conductor, bubbles of hydrogen gas will at once appear
on the surface of the copper, and the zinc will more or less rapidly dis-
solve to form zinc sulphate with the acid.

If the plates be separated, and the portion of the zinc whieh remains
above the liquid be tested with a very delicate electroscope, it will be

Toepler-Holtz Electrical Machine.

found to be charged with negative electricity, and in like manner the
corresponding portion of the copper plate will be found to be charged
with positive electricity. These charges are very feeble when com-
pared with those which we can produce by even slightly rubbing a glass
rod with a piece of silk. Volta, however, showed that in order to make
these charges more evident we have only to combine the actions of sev-
eral such arrangements as we have just described. by joining the zinc
in the first vessel with the copper in the second, and the zinc in the
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second with the copper in the third, and so on. In this way the
charges on the terminal plates, or electrodes, as they are called, may
be increased to any extent. The difference of potential between the
electrodes is ascribed to the action of a so-called electromotive force,

e,

Volta, Inventor of the Voltaic Pile.

arising from the interactions of the different substances employed in the
construction of the battery, and having its analogy in the pressure
which causes liquids to flow along through pipes. If a conducting
wire join the electrodes or terminal plates of metal, a current of electricity
will flow through it and through the battery, that is, through the
metals and the liquids, which, with the wire, constitute a closed circuit.
The tntensity or strength of the current will depend on the magnitude
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of the acting electromotive force, and on the resistance offered to it by
the entire circuit; and investigation shows that it is directly propor-
tional to the former and inversely proportional to the latter. This re-
iation is known as Ohm’s law. It is of fundamental importance in both
science and engineering.

When a voltaic battery, such as we have described, is put in action
by closing its circuit, the intensity of the current rapidly falls off. This
is due to the fact that a counter electromotive force is set up, by the
hydrogen liberated on the copper plates, which reduces the electromotive
force at first acting. This defect, which is common to other forms of
voltaic batteries, may be more or less perfectly obviated in various ways.
Motion may be given to the plates, whereby the gas will be detached ;
the plates may be made rough, so as to prevent the strong adhesion of
the gas; but it is better to employ some exciting liquid which will not
liberate any gaseous product in its action, such as copper sulphate, in.
the composition of which copper takes the place of hydrogen in the
gulphuric acid. In case this salt of copper is employed, it is easy to so
arrange the battery that the copper plate shall constantly receive a de-
posit of bright metallic copper, and so be kept free from adverse action.
In the well-known Grove's form of voltaic battery the copper is re-
placed by platinum, a metal on which the strongest acids do not act,
which is placed in a cup of unglazed porcelain containing strong nitric
acid. This cup, with its contents, stands in the vessel which contains
the zinc plate and the dilute sulphuric acid. The nitric acid is em-
ployed to supply oxygen which can unite with the hydrogen as rapidly
as it is set free, and thus the platinum plate is kept in the most favor-
able condition, and counter electromotive force is avoided.

If we wish to study some of the effects which may be produced by
means of the battery current, we may employ with advantage a battery
of ten or twelve Grove's cups joined in scries, that is, the zine of the
first cup joined to the platinum of the second. and so on. A conduct-
ing wire should be joined to the platinum of the first cu
to the zinc of the last cup.
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If the two wires be brought in contact and then separated, a small
- bright spark will be seen when the contact is broken. The brilliancy
of the spark will be much increased if the wires are wrapped around
small pencils of hard carbon, and then the latter brought in contact and
afterward separated. If the difference of potential between the wires
be increased by the employment of a series of cups amounting to forty
or fifty, the current will continue to flow even when the pencils of
carbon are separated to a distance of two or three millimetres. The
carbon pencils will then be heated to an intense whiteness, and a light
of dazzling brilliancy will be produced. This is the well-known arc
light so generally employed in public lighting. The expense and in-
convenience attending the use of any form of battery, however, is so
great that other means are generally resorted to to supply the electric
current, as will presently appear.

If the carbon pencils used for the production of light be replaced
by strips of platinum, and if the latter be plunged into water con-
taining about one-tenth its bulk of sulphuric acid, hydrogen will be
abundantly liberated from the platinum connected with the zine
electrode of the battery, and oxygen, amounting very exactly to half
the volume of the hydrogen, will be liberated from the platinum con-
nected with the platinum electrode. Chemical solutions of the metals
may, in like manner, be decomposed by the action of the current.
If any conducting body replace the platinum strip connected with
the zinc electrode, it may be covered with silver, gold, nickel, or other
metal, by employing the proper solution of the metal instead of
the acidulated water. This action of the current is called electrolysis.
and it is largely employed in the arts in the operations of electro-
plating, electro-metallurgy, etc., as well as in the Jaboratory in chemical
analyses.

Faraday, in the course of a masterly investigation, proved that a
given amount of electricity passing through the electrolyte, as the solu.
tion to be decomposed is called, always sets free a definite amount of its
constituents. He also showed that when the current passes through
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several electrolytes arranged in series, the constituents liberated in any
one of them will be proportional to the combining weights of the con-
stituents, respectively.

Various forms of electrolytic apparatus are employed. Those repre-
sented in the accompanying illustration are examples.

It will be seen that this law of Faraday gives us the means of com-
paring one current with another, or of comparing any

current with a standard current defined in any way
which may be chosen.

If, while the electrical current is
flowing through a wire, a delicately
poised magnetic needle be carried about
it, the needle will tend to place itself at
right angles to the general direction of
the wire. It may be easily shown
that the region about the wire is
a magnetic region, com-
monly called a magnetic
Jfield. In order to do this,
the wire may be made to

pass vertically through a
sheet of smooth paper
which is held in a bori- S |
zontal position. If, then, . b e
while the current pass. . TS S
iﬂg, some iron ﬁ]]ngs be elcctrolysis of water.
sprinkled over the paper, and the latter be gently tapped, so as to
assist the movement of the filings, they will arrange themselves in
concentric circles about the wire, When the current is interrupted
the region about the wire is no longer a magnetic field, but it may be
restored as often as the current is renewed. This simple experimental
fact lies at the foundation of many electrical appliances with which we
are familiar. The magnetic field about a single conducting wire
Py
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however, generally too feeble to serve for many purposes for which it
would otherwise be useful.

In order to strengthen it we may increase the intensity of the cur-
rent which flows through the conducting wire, or we may employ a
sufficient number of conducting wires whose united actions will pro-
duce the desired result. The former plan is of limited application,
since very intense currents involve great loss of energy in consequence
of the heat which they develop, and if too intense they will destroy the
conductor. In carrving out the latter plan it is easily seen that it is a
matter of indifference whether one employ many separate conductors,
each uniting the electrodes of an independent battery, or so dispose a
single long conductor that it shall pass many times through the region
which it is desired to convert into a magnetic field. The most economi-
cal and effective way of proceeding, therefore, is to coil the conductor
into a compact helix or spiral. In order that the current shall traverse
the entire length of the wire composing the helix, it is covered with an
insulating material such as cotton or silk thread. 1f an open space be
left in the centre of the helix, this space, as might be expected, is found,
while a current is flowing, to be a powerful magnetic field. If, now, an
iron rod be placed in the helix, it is at once powerfully magnetized.
Such an apparatus is the well-known electro-magnet which, under one
form or another, plays an essential part in a great variety of devices,
including the telegraph, the telephone, the burglar-alarm, the dynamo-
machine, ete.

Having now a clear idea of some of the more remarkable effects
which may be produced by means of the electrical current, we may
with advantage consider some additional means of producing the current
itself. We have just seen that a bar of iron, when placed within a
helix through the wire of which a current of electricity is flowing, be-
comes a powerful magnet. Experiment shows, conversely, that if the
extremities of the wire constituting the helix be disjoined from the
battery and brought in contact with each other, and if then a powerful
magnet be thrust back and forth in the helix, a current of electricity
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will be set up which will continue to flow so long only as the motion
of the magnet continues. If a bar magnet be carried, in the direction
of its length, quite through the helix, the current which is induced in
the belix by this motion will be reversed in direction when the mid-
point of the magnet passes the mid-point of the length of the helix;
and if the magnet be thrust only half way through the helix and then
withdrawn, the same result will be produced. It is plain, then, that we
can set up an electromotive force in a conductor by merely moving a
magnet with reference to the conductor, and that we can determine the
direction in which the electromotive force shall act to produce its cor-
responding current of
electricity by our choice
of direction in which

_the movement shall be
made. Moreover, it is
quite a matter of in-
difference whether we
move the magnet or the
zonductor, or both, so

long as the two change o o o
The Magnetic Field, as indicated by iron filings thrown upon a pane
their relation to one an- of glass resting upon the poles of an electro-magnet.
other, and experiment
shows that the magnitude of the electromotive force, and consequently
that of the electrical current, is also under our control. It depends
upon the strength of the magnet, on the velocity and direction of its
motion, and on the number of turns of wire in the helix.

We might easily devise a machine operated independently, such as
the steam-engine, which would continually thrust a magnet into a helix
and withdraw it, by a reciprocating motion. We should then have a
means of producing currents of electricity which would depend upon
mechanical power for the energy which must be supplied. For certain
purposes the alternating character of the currents so produced would be

a matter of no importance. It is not difficult, however, to devise means
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by which such a machine can automatically change the relations of the
conductors, in which the currents flow outside of the helix, so that they
shall flow always in the same direction. Any form of such apparatus
is properly called a magneto-eleciric machine.

In practice, machines of this general character are usually so con-
structed as to substitute rotatory for reciprocating motion, for the ob-
vious reason that such a motion is more easily maintained. In order
to carry out this plan it is only necessary to place permanently within
the helix a mass of soft iron, which can readily acquire and lose the
magnetic state on the approach and recession of a magnet, and then
make a magnet rotate so that its poles shall pass rapidly in succession
near the mass of iron, or, since it is equally efficient, make the helix,
together with its iron core, rotate so that it shall be carried rapidly
through the field due to the magnet. In either case the iron core,
rapidly acquiring and losing its magnetism, will act precisely as if it
were a permanent magnet having a reciprocating motion within the
helix.

Obviously the permanent magnet in the apparatus just considered
may be replaced by an electro-magnet, and better results may be secured,
since such magnets can easily be made of far greater strength than the
best permanent magnets possess. The electro-magnet so employed may,
of course, be excited by the current supplied by a voltaic battery; but
this inconvenience may be avoided by the simple device of sending the
current produced by the motion of the helix through the coils of the
electro-magnet, on whose presence the current itself depends. When
this arrangement is adopted the current which is at first produced on
setting the apparatus in operation is extremely small, since the electro-
magnet is not then excited to action, and the feeble magnetic field which

it presents is wholly due to accidental causes. When, however, the
least current is produced by the motion of the helix, it is made to pass
through the coils of the electro-magnet, which has its magnetism de-
veloped thereby, and thus presents a more intense field, and this, in

r" “a, veacts to increase the current.
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Such are the general principles involved in the construction and
operation of the dynamo-machine. We need only add that in practice
there are several movable coils symmetrically disposed about an axis,
and constituting the armature. It will thus happen that one or more
of the coils will always be passing through the most intense portions of
the magnetic field. The current which is generated when the armature
revolves is led away to be utilized by means of conducting wires joined
to brushes or contact-devices, which are suitably held in contact with
opposite sides of the revolving armature.

In the dynamo-machine we have an economical means of producing
the electric current, since the mechanical energy which must be sup-
plied to it costs less than an equivalent amount of available energy
in any other form, and since there is no material contact of the
working parts of the machine to wear them out.

The brushes which are applied to the armature are maintained at
different potentials when the machineisin action. They may, therefore,
be compared to the terminals of the voltaic battery; and, in short, it
may be remarked that the relations expressed in Ohm's law hold good
for the dynamo-machine and its circuit as well as for the battery.

If the current generated by a dynamo-machine be made to traverse
the circuit of another and similar one, the latter will be set in rota-
tion, and it will thus be a means of translating electrical energy into
mechanical energy; in other words, it will become an electric motor, and
may be employed as any other prime motor would be. Since the con-
ductors which unite the machines may be as long as we please, we have
thus a means of transferring power from one point to another. Obyvi-
ously, however, we cannot do this in defiance of the law of conserva-
tion of eunergy, and as there will always be some energy expended in
heating the conductors, we can never develop at the distant station as
much energy as we expend at the transmitting one.

It is frequently desirable to exchange one current for another of
different electromotive force and intensity. The inductive action of the
current, through the magnetic field which accompanies its conductor,
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on other conductors in its neighborhood, affords the means of accom-
plishing this end. The apparatus by means of which the result is
secured is called the inductorium or transformer. The special arrange-
ment which is employed in any given case depends on the object to be
accomplished. The most common form for use in the physical labo-
ratory is shown in the illustration. It consists of two helices of
insulated wire of such dimensions that one can be placed within the
other. The interior helix has comparatively few turns of thick wire
and encloses a bundle of soft iron rods. The exterior one often has
many thousand turns of thin wire.

When any change in the strength of the current which is made to
pass through the interior helix occurs, a corresponding change takes
place in the intensity of the magnetic field dependent upon it, and this,
of course, produces a current in the external helix. The electromotive
force of this current depends on the number of turns of wire in the
helix. We can therefore secure as high electromotive force as we please
by adding to the number of turns in the external helix. But every
additional turn adds to the resistance and so diminishes the strength of
the induced current. If we have given a current of high potential we
may send it through the exterior coil, and with every change in its
strength we can secure a corresponding current of greater strength but
of lower electromotive force.

In practice the current which is to be transformed is rapidly reversed
or broken and renewed.

Since, as we have seen, an electric current may be employed to effect
chemical decompositions, and since the constituents of an electrolyte so
treated may set up a counter-electromotive force, it is clear that we may
employ the current produced by the dynamo-machine to set free the
constituents of chemical compounds which, on the withdrawal of the
decomposing current, will reunite, and in so doing produce a current in
the reverse sense. Such an apparatus is called a storage-battery.  Thus,
if two plates of lead which are covered with lead oxide be suspended,
without touching, in a vessel containing dilute sulphuric acid, and if,
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then, a current from the dynamo-machine be passed through the plates
and through the liquid, the plate connected with the negative electrode
of the machine will give up its oxygen to the liquid, while the plate
connected with the positive electrode will receive from the liquid an
equal amount, in addition to that which it possessed at first. On dis-
connecting the electrolytic apparatus it may itself be employed as a vol-
taic battery. When conducting-wires fromthe lead plates are joined,
a current is set up which continues to flow until the plates recover the
condition which they had before the action of the dynamo-current.
Evidently this electrolytic process of charging the storage-battery may

Induction Coils, for producing currents of high potential by Induction.

be repeated as frequently as occasion may demand, the battery being in
the mean time used for any purpose to which it is suited.

It remains now to consider,in the most general way, the scheme
which electricians have adopted for the measurement of electrical quan-
tities.

Since we know nothing of the ultimate nature of electricity, but
must admit that it is as much a matter of conjecture as that of gravita-
tion, it is clear that we can only base our measurements upon the effects
which it can produce, just as we'are obliged to do when dealing with
the latter agency. Accordingly, we are quite at liberty to express our
results in terms of the same fundamental units as are employed in physi-
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cal measurements in general, and if we do so we shall obviously be able
more easily to detect any relations which may exist between electrical
and other physical phenomena.

It may be of service to the reader to define the fundamental units
usually employed, and to point out how these enter into the derived
units which must be employed in measuring complex quantities, such
as velocity, acceleration, force, energy, etc. When once the method of
procedure in measuring these quantities is clearly apprehended, there
will be no difficulty in seeing how we are to apply it when we have to
measure other related quantities.

Only three fundamental units are needed, and those usually selected
are the unit of mass or quantity of matter, the unit of &ime, and the unit
of length. The unit of mass is the gram ; it is the one one-thousandth
part of a standard piece of platinum called the kilogram. Masses are
compared with copies of this unit of mass by means of the balance.
The unit of length is the centimetre [0.394 inch], or the one one-hun-
dredth part of the standard metre. The unit of time is the second, or
the one eighty-six-thousand-four-hundredth part of a mean solar day.
As the simplest example of a derived unit may be mentioned that of a
surface, or square centimetre. It evidently implies extension in two
directions, and into our conception of these extensions the notion of a
length enters. We might, however, adopt an arbitrary standard of sur-
face as our unit, and when we have occasion to measure a given surface
wemight find by actual trial how many times this standard unit can be
applied to the surface so as to completely cover everv part of it and no
more. We should thus measure the given surface, but such a measure-
ment would not be primarily based on a unit of length, and thus we
should lose sight of important relations. In like manner we might
adopt arbitrary units of velocity, acceleration. etc., but great difficulties
would be involved as well as obvious disadvantages.

The notion of veloeity implies both a time and a length, and a body
moving uniformly in a straight line is said to possess unit velocity when it
moves over one unit length—one centimetre—in one second. If a par-
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ticle move in a straight line and change its velocity by one unit of
velocity in one second, it has one unit acceleration. If the particle have
a unit of mass, and be subject to unit acceleration, it is acted on by one
unit of force. Change in the motion of a given mass is thus made the
measure of force, and it will be observed that this does not raise any
question as to the nature of force itself. The unit of force, as just

Gauss and Weber, who proposed and employed the system of absolute
measurements, early in the present century.

defined, is called the dyne. It is obvious that a force may be applied to a
body which is not free to move by reason of other forces which are act-
ing upon it at the same time. In such cases we have recourse to some
indirect method of determining what amount of motion would occur if
the body were free to move.

If a body, by reason of its relations to other bodies, is able to exert
a force of one dyne, through one centimetre of space, it has one wunit of
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energy, called the erg. The energy of a body, or system of bodies, is
defined as its ability to perform work. Since, then, energy and work
are convertible quantities, it is clear that the erg is the proper unit of
measure for work as well as for energy.

A familiar illustration of work is presented when a heavy body is
raised from one level to another, as in building; and every reader is
aware that in estimating such work both the amount of material raised
and the height through which it is raised are taken into account. The
work is numerically equal to the product of these two factors. This
method of estimating work is sufficiently exact to meet the require-
ments of the contractor, but not sufficiently so for the purposes of sci-
ence. The intensity of the earth’s attraction i3 not the same at all
points on its surface, and so it follows that the amount of work which
must be done in order to raise equal masses through the same height is
not everywhere the same. It is not difficult, however, to determine, by
means of the pendulum, what acceleration a body falling freely will be
subject to at any place. When this is known we can completely specify
the force which acts on any given mass by taking the product of the
number of units in the mass by the number of units of acceleration.
For New York the acceleration due to gravity is about 980 centimetres
per second—that is, a body starting from rest and falling freely will
acquire a velocity of 980 centimetres in one second. If, therefore. we
multiply the number of grams contained in a given body by 980 we
have the value of the force acting on the body. This is called, in
scientific language, the wewght of the body.

Any region in which a mass is acted upon so as to produce, or tend
to produce, an acceleration is called a field of gravitational force. In
like manner, a region in which a magnet pole is acted upon so as to
produce a similar result is called a field of magnetic force, and a region
in which an electrified body is so acted upon is called a field of electric
force. We must not infer, however, from these forms of expression, or
from what we may imagine respecting the regions to which they are
applied, that there are several kinds of force. The expressions are in no

-

-
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sense qualitative, but merely indicate the conditions under which a
stress will arise such as will tend to produce an acceleration in a body.

Now, the earth itself may be regarded as a great magnet, since it acts
on magnets just as they act on each other. The earth is accordingly
accompanied by a magnetic field, of which the intensity varies at
different points, though not according to any established law. The
intensity, however, of the earth’s magnetic field at any place can be
ascertained by a method in general similar to that employed in deter-
mining the intensity of gravitation.

The ratio of the intensities of the two magnetic fields, the one due
to the earth, and the other to the action of the current, is determined
by the position which a needle, hung free from restraint, assumes under
their joint action. But the intensity of the field due to the current de-
pends on its strength, on the distance of the needle from the conductor,
and on the nuinber of times the conductor passes through the region.
If, then, the conductor be coiled so as to form the circumference of a
circle, and have its ends accessible so as to be connected with the
source of the current, and if a short magnetic needle be so suspended
that its centre of form shall coincide with the centre of the coil, we
have all that is essential to a galvanometer. Of course, such an instru-
ment would be furnished with a divided circle, or similar device, for
convenience in determining the position of the needle when under the
influence of the current to be measured. It may easily be shown that
the intensities of any two currents are to each other as the tangents of
the angles of deflection from the magnetic meridian which they respect-
ively cause the needle to make. Hence the instrument is called a tan-
gent galvanometer.

By the aid of the tangent galvanometer and the foregoing principles
we can do more than to compare one current with another in terms of
the tangents of the angles of deflection which they can cause—we can
determine the value of any given current in terms of our fundamen-

"tal units, or in absolute measure, as it is called. In order to this we
define the unit magnet pole and the unit current in accordance with



26 ELECTRICITY IN THE SERVICE OF MAN.,

the conventions already made when dealing with velocity, accelera-
tion, etc.

A unit magnet pole is one which exerts a unit force upon a similar
and equal pole at unit distance.

The unit current of electricity, for every centimetre of its length,
can exert a unit force upon a unit magnet pole at one unit distance
from every portion of the current. The only disposition of the con-
ductor conveying the current which will meet the last condition is that
of a circular coil with the needle at its centre. This disposition is
found in the galvanometer described above. As the radius of the coil
described in the definition of unit current would be too small for prac-
tice, we have only to employ coils of any convenient, but known, radius,
and make the necessary computations, remembering that the effect of
the current is inversely as the square of its distance from the magnet
pole.

It will be noticed that our definition of current involves but a single
magnet pole, whereas the galvanometer of necessity has a magnetic
needle of two poles, since one pole cannot exist without another having
exactly opposite properties; and, further, nothing is assumed to be
known, in the description of the galvanometer, about the strength of
the poled of the needle employed. These circumstances, however, cause
no inconvenience, since the only use we make of the needle is to ascer-
tain the ratio of the intensity of the horizontal component * of the
earth’s magnetic field to the intensity of the field due to the galvanom-
eter coils through which the current to be measured is passing. But the
intensity of the horizontal component of the earth’s field is known as
above, in absolute measure, or, in other words, we know the velocity
which it would impart to a free magnet pole weighing one gram. The
intensity of the field due to the current, and therefore the intensity
of the current itself, is then easily found. Thus it is seen that the
intensity of the current is measured in the same fundamental units as are

* The direction of the earth’s magnetic force is oblique to the horizon. By ¢ hori.
zontal component ” is meant the amount of force which it can exert horizontally.
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employed in measuring the stress between a heavy body under the
action of gravitation. The real standard of comparison is the horizontal
component of the earth’s magnetism. The number representing this, in
the neighborhood of Princeton, is about 0.18 centimetre—in other words,
the velocity along the magnetic meridian which a free magnet pole
weighing one gram would acquire in one second is about 0.18 centi-
metre. The corresponding velocity which any body would acquire
under the action of gravitation is about nine hundred and eighty centi-
metres, or about five thousand four hundred and forty-four times greater.

The unit of current, as defined, would necessitate the employment
of inconveniently large numbers in calculations involving the related
quantities, electromotive force, and resistance. To avoid this another
unit, called the ampére, is used in practice. It is one-tentb the electro-
magnelic unit, as the unit of definition is called.

In order tc present an idea of the unit of electromotive force, we
may imagine an experiment of very simple character, although its exe-
cution would be very difficult. Let a long straight conductor be bent
upon itself atits middle point, so that the two straight portions shall be at
all other points at unit distance from each other, and let the conductor
thus formed be so fixed in a magnetic field of unit intensity that the
plane in which the conductor lies shall be at right angles to t!re direc-
tion in which a magnetic needle points; if, now, a second conductor
slide along in contact with both branches of the fixed conductor, so
that all positions successively assumed shall be parallel, and with unit
velocity, there will be unit electromotive force set up in the circuit. An
equivalent experiment has been carried out in which a coil of wire of
known dimensions was made to revolve with a known velocity in the
earth’s magnetic field. From the data thus at hand the electromotive
force was calculated. It is evidently in terms of the known intensity of
the earth’s magnetism at the place of the experiment and of velocity.

Since there is an electromotive force set up in the revolving coil,
there will be a current in it which may be measured by making suit-
able connections of its terminals with the galvanometer. Both the cur-
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rent and the electromotive forcé being thus known, the resistance of the
entire circuit is readily found by Ohm'’s law. Tt is simply the ratio of
the electromotive force to the current.

The electro-magnetic units of electromotive force and -resistance
defined as above are too small for practical use. The practical unit of
electromotive force is therefore taken 100,000,000 times greater, and is
called the Volt. The unit of resistance is taken 1,000,000,000 times
greater, and is called the Okm. | |

If the wire of which the revolving coil and the galvanometer coil
are formed is of uniform character and diameter, and if we find their
joint resistance, we can easily prepare proportionate lengths of similar
wire which will represent one ohm or any given number of ohms. Sets
of such wires, coiled and so mounted upon an insulating support that
they may be joined in any way desired, constitute what are called resist-
ance coils. They are concrete standards of resistance, and in theory
they are used just as standards of length, mass, etc., are used.

One of the most obvious methods of comparing the unknown resist-
ance of any given conductor with that of a standard coil will be under-
stood by cousidering the effect of friction on the flow of water in pipes. If
a pipe be selected as a standard, through which, with a given constant
pressure of water, exactly one gallon will low in one second, it is evi-
dent that any other pipe which, under the same conditions, will deliver
the same amount must offer the same resistance. If the pipe under
trial deliver only one-tenth of a gallon, it evidently offers ten times the
resistance of the standard. In the case of electrical conductors we may
maintain the electromotive force constant, and determine the number
of ampéres which.flow through the standard resistance wire, and that
whose resistance is to be measured successively. Their resistances will
be inverselv as the number of amperes which can respectively pass
through them. This would be an inconvenient method in practice,
and accordingly others have been devised, but our limits forbid present-
ing them. [See Wheatstone's balance on page 30.]

The energy expended by a current in passing from one point to
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another of the conductor is due to its loss of potential. The equivalent
work may appear in heating the conductor, as in electric lighting, in
electrolytic work, or in mechanical work according to the devices
included in the circuit.

The power, or, in other words, the rate at which work is done when
one ampére of current suffers a loss of potential equal to oune volt is
called a Watt. It is 10,000,000 ergs per second, or about one seven-
hundred-and-forty-sixth part of a horse-power.

An example will illustrate the use which may be made of these
relations. It requires about ten amperes of current to operate an arec-

il

&!..

e

i
i
4

Mkl

Resistance Colls, removed from box; showing their connections by means of plugs between metallic
blocks.

lamp such as is employed in street-lighting. The current suffers a loss
of about fifty volts at each lamp. If there be fifty lamps in the series
the entire loss will be 2,500 volts. This number, multiplied by 10 and
divided by 746, gives between thirty-three and thirty-four horse-power,
" which will be required to operate all the lamps.

In conclusion, it may be worth while to emphasize what has already,
perhaps, sufficiently appeared, namely, that we can entertain no expecta-
tion that electricity of itself will ever in our hands become a source of
energy with which we can operate factories, drive trains, ete. It can
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only play a part in our service when there is a difference of potential
between the points of its application, and, in order to secure this dif-
ference of potential, work must be done, in general, greater in amount
than can be recovered from the fall of potential when equilibrium is
restored. Similar disadvantages attend the use of other means of
applying energy, such as belting, shafting, steam and water in pipes,
ete.

It would be quite impossible to forecast the future, even for a

Box of standard resistances. Galvanoscope. Battery. Conductor to be measured.
Above, sliding key for effecting balance.

Wheatstone's Balance, used for comparing resistances.

single decade, with reference to the applications of electricity, even
though discovery were ended. The mere expansion of industries
already in some degree established will give them an importance which
we cannot now estimate. But discovery is not ended, and it is more
than probable that results will yet be reached which, although they
cannot be at variance with the general doctrine of energy as now un-
derstood, may, to some extent, revolutionize our methods, with corre-
sponding advantages.
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By FRANKLIN LEONARD POPE.

FarapaY's FIRST MoTOR—EXPERIMENTS OF AMPRRE AND ARAGO—THE GREAT ELECTRO-
MAGNET OF PRrOFESSOR JoSEPH HENRY—EARLY ATTEMPTS AT ELECTRO-MAGNETIC
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THE DYNAMO—GERAMME'S MACHINE—REVIVAL oF INTEREST 1IN ELEcTRIC RAIL-
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FirsT RAILWAY IN OPERATION—OTHER APPLICATIONS OF THE MOTOR—P0SSIBILI-
TIES OF GREAT SPEED.

N the morning of December 25, 1821, the young wife of an as-
O sistant in the laboratory of the Royal Institution of London, was
called by her husband to share his delight at the success of an
interesting experiment, the possibility of accomplishing which had
occupied his thoughts for many weeks. What the young woman saw,
upon entering the laboratory, was this: Upon a table stood a small
vessel filled nearly to the brim with mercury; a copper wire was sup-
ported in a vertical position, so as to dip into the mercury, while a
little bar-magnet floated in the liquid metal as a spar-buoy floats in a
tideway, having been anchored by a bit of thread to the bottom of the
vessel. The mass of mercury having been connected by a wire to one
pole of a voltaic battery, the experimentalist had found that whenever the
electric circuit was completed, by touching the other battery conductor to
the vertical wire, the floating bar would revolve around the latter as a
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centre. In this simple manner a continuous mechanical motion was, for
the first time, produced by the action of an electric current.

The world is even now but just awakening to a conception of the
magnificent possibilities of the humble gift which was slipped into its
stocking on that Christmas morning by the since world-famous man,

André Marie Ampare. (After a steel engraving, by Tardieu, in 1825.)

who not long before had jocosely described himself as * Michael Fara-
day, late bookbinders’ apprentice, now turned philosopher.”

In the winter of 1819-20, the Danpish philosopher (Ersted had
observed that if an electric current was made to traverse a wire in
proximity and parallel to a magnetic compass-needle, the needle was
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deflected, and instead of pointing to the north, tended to place itself at
right angles to the wire. The consequences of this discovery, which
in truth was nothing less than that of the possibility of converting the
energy of an electric current into mechanical power, proved to be far-
reaching and important. It was at once seized upon by the brilliant
and fertile mind of the French academician Ampere, who, by a series of
masterly analyses, showed that all the observed phenomena were refer-
able to the mutual attractions and repulsions of parallel electric currents,
and with his confrére Arago succeeded in permanently magnetizing a
common sewing-needle by surrounding it with a helically coiled wire
through which an electric current was made to pass.

These brilliant discoveries inaugurated an era of active research.
Faraday, as we have seen, was successful
in producing continuous mechanical motion.
Barlow, of Woolwich, elaborating Faraday’s
discovery, made in 1826 his electric spur-
wheel, a most ingenious philosophical toy,
and, in point of fact, the first organized

electric motor. In 1826 Sturgeon devised IR

the electro-magnet. He bent a soft iron rod Barlow's Spur-whes! Motor.
into a horseshoe form, coated it with var-
nish and wrapped it with a single helix of bare copper bell-wire. A
current passed through the wire rendered the rod magnetic, and caused
it to sustain by attraction a soft iron armature of nine pounds weight.
In this country, Professor Dana, of Yale, in his lectures on Natural
Philosophy, exhibited Sturgeon’s electro-magnet. Among his listeners
was Morse, in whose mind was thus early planted the germ which ulti-
mately developed into the electric telegraph. Professor Joseph Henry,
then a teacher in the Albany Academy, starting with the feeble electro-
magnet of Sturgeon, reconstructed and improved it, and then, by a
series of brilliant original discoveries and experimental researches, de-
veloped it into an instrumentality of enormous mechanical power, capa-
ble of exhibiting a sustaining force of 2,300 pounds, a power which
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nevertheless vanished in the twinkling of an eye upon the breaking of
the electric current.

With characteristic sagacity, the prophetic mind of Henry at once
foresaw the more important uses to which his improvements were
applicable. He constructed, in 1831, a telegraph in which strokes upon
a bell were produced at a distance by the attractive force of the electro-
magnet, which embodied all the fundamental and necessary mechanism
of the electric telegraph of to-day. He also devised and constructed
the first electro-magnetic motor. In a letter to Professor Silliman, in
1831, he says: “I have lately succeeded in producing motion by a little
machine which I believe has never before been applied in mechanics—
by magnetic attraction and repulsion.” It was a crude affair and served
merely to illustrate the
essential principle of such
an apparatus. A vibrat-
ing or reciprocating electro-
magnet was provided with
an attachment for controll-

ing the current of the bat-
tery by interrupting and
Professor Joseph Henry's Electro-magnetic Motor. (From a . .
photograph of the original.) reversing it at the proper
time. This machine, which
is of much historical interest, is now in the cabinet of Princeton
College. Several large clectro-magnets constructed by Henry are also
among the most valued treasures of this collection. _
After having thus demonstrated the possibility of constructing an
operative electro-magnetic engine, so far from giving way to the natural
enthusiasm of the successful inventor, Henry proceeded, with that
sobriety of judgment which was perhaps his most prominent mental
characteristic, to forecast the future possibilities of the new motor.
He was.soon led to see that in the then known state of the art the
power must be derived solely. from the oxidation or combustion of

zine in the voltaic battery, and hence that the heat-energy required for
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the original deoxidation of the metal must represent at least an equal
amount of power, the inevitable corollary of which was that the fuel
required for this purpose might with much more economy be employed
directly in performing the required work.

Although thus well assured that electro-magnetism could never hope
to compete with, much less supersede, steam as a prime motor, never-
theless he did not hesitate to predict that the electric motor was destined

Professor Joseph Henry.

to occupy an extensive field of usefulness, particularly in applications
to minor branches of industry in which economy of operation was sub-
ordinate to other more important considerations.

This fundamental, and as time has shown accurately, prophetic
couception of the legitimate field of the electric motor, almost wholly
failed to impress itself upon the minds of Ilenry’s contemporaries.
The problem of the application of electricity as a universal motive
power was taken up with great zeal by a host of sanguine inventors.
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In 1832, Sturgeon constructed a rotary electro-magnetic engine, of
which we give an illustration, a fac-simile of his own drawing, which
he exhibited before a large au-
dience in London in the spring
of 1833. In our owu country,
probably the earliest electric
motor designed for practical use
was the production of Thomas
Davenport, an ingenious Ver-
mont blacksmith, who, having
seen a magnet used at the Crown

Point mines in 1833 for ex-
tracting iron from pulverized
ore, was seized with the idea of applying magnetism to the propulsion
of machinery. In 1834 he produced a rotary electro-magnetic engine,
and in the autumn of 1835 he exhibited in Springfield, Mass., a model
of a circular railway which was traversed by an electro-magnetic locomo-
tive.

Many citizens of New York will recall the erect and handsome
figure of a venerable gentleman, with flowing white hair, dressed with
scrupulous neatness in the Continental costume and cocked hat of the
period of the Revolution, who was to be seen on Broadway every
pleasant day early in the seventies, and whose resemblance to the
accepted portraits of Washington was so striking as to at once arrest
the attention of the observer. This was Frederick Coombs, who, as the
agent of Davenport, visited London, in 1838, where he exhibited a
locomotive weighing 60 or 70 pounds, propelled around a circular
railway track by electric power, which excited the greatest interest in

Sturgeon's Electro-magnetic Engine.

the scientific cireles of the metropolis.

In 1840, Davenport printed by the power of an electric motor a
sheet entitled the FElectro-Magnet and Mechanics' Intelligencer. Mean-
time others had occupied themselves with similar undertakinga  Pro-
fessor Jacobi, of St. Petersburg, invented a rotary electro-magnetic
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motor in 1834, and with the financial assistance of the Emperor
Nicholas constructed, in 1839, a boat 28 feet long, carrying 14 passen-
gers, which was propelled by an electric motor, with a large number of
battery cells, at a speed of 8 miles per hour. In 1838-39, Robert
Davidson, a Scotchman, experimented with an electric railway car 16
feet long and weighing, including the batteries, 6 tons, which attained
a speed of 4 miles per hour.

The necessary limitations of space preclude even the briefest notice
of the labors of the host of ingenious experimenters who occupied
themselves in this attractive line of scientific research ; but no historical
sketch of the electric motor would be com-
plete without some reference to the work of
the late Dr. Charles Grafton Page, who for
many yvears occupied a responsible official
position in the Patent Office at Washington.

Page, while a young medical student in
Salem, Mass., entered upon an experimental
investigation of the relations between elec-
tricity and magnetism, and he continued to

prosecute his researches with extraordinary
diligence and success during the greater

Dr. Charles Grafton Page.

portion of his active life. Ile particularly

distinguished himself by his researches in electrical induction, nota-
bly by his invention of the electrostatic induction coil and cir-
cuit-breaker, which bas been persistently, but without a shadow of
justice, attributed to Rubmkorff, of Paris. His work in connec-
tion with the electric motor, although not so well known, owing
to the scanty information which is contained in contemporaneous
records, is certainly no less important. Many middle-aged men of to-
day will recall the interesting and curious array of apparatus for
illustrating electro-magnetic rotation which formed such an important
part of the philosophical cabinets of the academies and colleges of the
preceding generation. It is not too much to say that almost every one
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of these devices owes its origin to the fertile and ingenious brain of
Page.

As early as 1845 it had been observed by Alfred Vail, the coadjutor
of Professor Morse in the construction of the electric telegraph, that a
hollow coil of insulated wire, when traversed by an electric current,
possessed the curious property of sucking a soft iron core into itself
with considerable force. Upon this phenomenon being shown to Dr.
Page, he at ouce conceived the idea of utilizing it in the operation of
an electric motor, and after numerous experiments he succeeded in
constructing, in 1850, a machine of this description, which developed
over 10 horse-power. Aided by an appropriation from Congress, he
subsequently constructed an electric locomotive of considerable size
with which an experimental trip was made from Washington to Bla-
densburg, on the Washington branch of the Baltimore and Ohio Rail-
road, on April 29, 1851, and on which occasion a rate of speed was
attained, on a nearly level plane, of 19 miles per hour. Of course in
this, as in other cxperiments which have been detailed, the great cost
of producing electricity by the consumption of zinc in a battery pre-
cluded the possibility of any commercial advantage being derived from
the scheme, but the achievement was nevertheless a notable one. Not
far from the same time Thomas HHall, of Boston. a skilful electro-
mechanic who had constructed much of Page’s .apparatus, made a small
model of an clectric locomotive and car, which is not without scientific
interest, as establishing the practicability of conveying the electric
current to a rapidly moving railway car by employing the rails and
wheels as electrical conductors, thus dispensing with the necessity of
transporting the battery upon the vehicle.

One of the most enthusiastic experimentalists with electro-magnetic
machinerv was the late Dr. James Prescott Joule, of Manchester,
England, who in a letter written in 1839, said: “I can scarcely doubt
that electro-inagnetism will eventually be substituted for steam in pro-
pelling machinery.” Professor Jacobi, too, one of the most eminent
ilosophers of that day, was less reserved in his enthusiasm than
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Henry, for he wrote: “I think I may assert that the superiority of this
new mover is placed beyond a doubt as regards the absence of all
danger, the simplicity of action, and the expense attending it.”

Some years afterward, when Dr. Joule had become older and
possibly wiser, he made a most remarkable and exhaustive series of
investigations relating to the mechanical equivalent of heat. The
results of these researches led him to estimate that the consumption of
one grain of zinc can produce only about one-eighth of the mechanical
equivalent of a grain of coal, while its cost is approximately twenty
times as great. This conclusion, being generally accepted by the
scientific world as authoritative, ultimately tended to strongly dis-
courage further efforts to apply electro-magnetism as a prime motor.
The question was well summed up, in a discussion by Henry, in these
words: “ All attempts to substitute electricity or magnetism for coal-
power must be unsuccessful, since these powers tend to an equilibrium,
from which they can only be disturbed by the application of another
power, which is the equivalent of that which theyv can subsequently
exhibit. They are, however, with chemical attraction, etc., of great
importance as intermediate agents in the application of the power of heat as
derived from combustion. Science does not indicate in the slightest
degree the possibility of the discovery of a new primary power com-
parable with that of combustion as exhibited in the burning of coal.
. .« . We therefore do not hesitate to say that all declarations of the
discovery of a new power which is to supersede the use of coal as a
motive power have their origin in ignorance or deception, and fre-
quently in both.” .

In the words which have been italicized Henry accurately foretold
the true place, in the domain of industry, of the electric motor. Muclr
confusion of thought exists in the popular mind at the present time in
reference to this very point. We continually hear electricity spoken of
as if it were a primary, a motive power, and the prediction is freely made
by uninformed persons that it will soon usurp the place of the steam-
engine ; that it will be employed to propel vessels across the Atlantic,
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and the like. But a moment's consideration will serve to show that
such a view of the question is wholly without scientific basis. Electric-
ity, in its important applications to machinery, is never in itself a
source of power. It is merely a convenient and easily manageable
agency, perhaps a peculiar form of matter, perhaps a form of energy, by
which mechanical power may be conveniently transferred from an ordi-
nary prime motor, as a steam engine or a water-wheel, to a secondary
motor—it may be at a great distance—which is employed to do the
work. It performs an office precisely analogous to that of a belt or line
of shafting, which, however useful in conveying mechanical power from
one point to another, can under no conceivable circumstances be capa-
ble of originating it.

That we may properly comprehend and appreciate this new and
important aspect of the mechanical application of electricity, it is neces-
sary to return to the experiments of Faraday. In 1831, after he had
become the director of the laboratory of the Royal Institution, he turned
his attention to what he called the “evolution of electricity from mag-
netism.” The brilliant generalizations of Ampeére, followed by the
experimental demonstrations of Arago, Sturgeon, and Henry, to the
penetrating mind of Faraday necessarily implied reciprocal action, and
he accordingly sought diligently to obtain the electric current from the
magnet. On the second day after commencing his experiments he
wrote to a friend : “I think I have got hold of a good thing, but cannot
say; it may be a weed instead of a fish which after all my labor I may
pull up.” On the tenth day he became fully satisfied that he had -
hooked a fish. A crucial experiment showed that he had made a grand
discovery which may, without injustice, fairly be compared, in point of
practical importance, with Newton’s immortal discovery of gravitation.
The principle upon which this discovery hinges may be explained in a
few words. Every magnet is surrounded by a sphere of attraction (which
gradually diminishes in intensity as the distance from the pole or focal
point of attraction of the magnet increases) which has received the tech-
nical name of the magnetic field. If an electric conductor be moved trans-
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versely through this magnetic field, the influence of the field tends to
retard or oppose the movement of the conductor; the mechanical force
exerted in overcoming this resistance is transformed and appears in the
conductor in the form of what we conventionally call an electric cur-
rent. If instead of the magnet we substitute anotber wire, which is

Arago.

also conveying an electric current, this last is surrounded by a magnetic
field, and similar phenomena are manifested when another wire is made
to move within it. The same manifestations occur if the conductor
remains stationary and the magnetic field is moved, or if the strength of
the field be increased or diminished. This effect is known by the gen-
eral name of induction, and the law which governs it was formulated by
the Russian philosopher Lenz as long ago as 1833. It may be stated as
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follows: The currents induced by the relative movements either of two
electric circuits, or of a circuit and a magnet, are always in such direc-
tious as to produce mechanical forces tending to stop the motion which
produces them.

To Faraday is due the first experimental machine for the mechanical
production of electric currents. But he went no further. He possessed
preéminently the scientific mind. His pleasure in the pursuit of nat-
ural truths was so absorbing that he could never turn away from them
for the mere purpose of following up their practical applications. “I
have rather been desirous,” he once wrote, “ of discovering new facts
and new relations dependent on magneto-induction, than of exalting the
force of those already obtained, being sure that the latter would find
their full development hereafter.” In the words of Professor Sylvanus
Thompson: “ Can any paissage be found in the whole range of science
more profoundly prophetic or more characteristically philosophic than
these words with which Faraday closed this section of his Experimental
Researches?”

Within a year after the publication of Faraday’s experiment, Pixii,
a philosophical instrument maker of Paris, constructed an apparatus in
which a permanent magnet was made to induce currents in the wire
surrounding an electro-magnet ; this received the name of the magneto-
electric machine, and was doubtless the first organized appliance for pro-
ducing an electric current by mechanical power. . In 1838 this instru-
ment was materially improved bv Saxton, of Philadelphia, whose
apparatus will be recognized as the well-known * electric shock ma-
chine,” in which electric currents are produced by turning a crank. A
similar device is utilized at the present day for ringing telephone call-
bells. For many years the practical applications of the magneto-electric
machine were comparatively unimportant, and were principally confined
to its employment for actuating certain forms of telegraph apparatus,
thereby dispensing with the voltaic battery.

In 1850 Professor Nollet, of Brusscls, essayed to make a powerful

agneto-electric machine for decomposing water into its constituent
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elements, oxygen and hydrogen, which were then to be used in pro-
ducing the lime-light. In 1853 a company was organized in Paris,
and experiments were made with a large machine constructed by
Nollet. So far as the lime-light scheme was concerned the experi-
ments were unsuccessful, but subsequently Mr. F. H. Holmes, of
England, made some alterations in Nollet's machine, and applied
it directly to the production of the electric light between carbon points.
These experiments induced others to take up the subject both in
France and England, which ultimately resulted in the development of
the brilliant and beautiful electric arc-light, by which the streets of
our principal towns are now nightly illuminated. It has been used in
some of the French lighthouses without intermission since 1868.

The substitution of the electro for the permanent magnet, first sug-
gested by Wheatstone in 1845, was applied in the construction of large
machines by Wilde, of Manchester, who worked at the subject contin-
uously from 1863 to 1867, with results incomparably in advance of all
previous attempts to obtain electricity by mechanical power. In 1867
he exhibited a machine which produced the electric arc-light in its
utmost magnificence, and was capable of instantly fusing iron rods
fifteen inches long and one-fourth of an inch in diameter by the flow of
the electric current.

The final step in the development of the magneto-electric generator
was an almost simultaneous, although independent, discovery by Moses
G. Farmer, of Salem, Mass.,, Alfred Varley and Professor Charles
Wheatstone, of England, and Dr. Werner Siemens, of Berlin. This
was the grand conception of employing the current from an electro-
magnetic machine to excite its own electro-magnet. The invention of
this improved form of apparatus, which received the name of the
dynamo-electric machine, gave an extraordinary impetus to the inves-
tigation of all branches of electric science. The subject was once
more taken up by scores of enthusiastic workers in Europe and Amer-
ica, and innumerable minor improvements rapidly succeeded one an-
other, which have finally resulted in the exquisitely organized dynamo
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machine of to-day, a machine which has confessedly reached a state of
perfection and efficiency which leaves but the narrowest margin for
future improvement.

As we have seen, the earliest field of usefulness for the dynamo-
machine was found in electric arc-lighting, which has now become,
in the United States at least, an enormous industry. One of the mosg
useful and convenient of these machines was designed by Gramme, of
Paris, in 1872, and was capable of giving a constant current resembling
in its characteristics that from a battery. At an industrial exhibition
in Vienna, in 1878, a number of Gramme machines were being placed
in position, in order to exemplify the various uses to which the inven-
tion might be put as an electric generator, when there occurred one
of those singularly fortunate accidents which have again and again
played so prominent a part in the history of industrial progress. In
making the electrical connections to one of these, machines which had
not as yet been belted to the engine-shaft, a careless workman attached
to it by mistake a pair of wires which were already connected with
another dynamo-machine which was in rapid motion. To the amaze-
ment of this worthy artisan the second machine commenced to revolve
with great rapidity in a reverse direction. Upon the attention of M.
Gramme being directed to this phenomenon, he at once perceived that
the second machine was performing the function of a m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>