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PREFACE

Tars volume on MaaNETISM, like the
others in the Electro-Technical Series,
is intended to meet the demand which
exists on the part of the general public
for reliable information respecting such
matters in ‘Klectricity and Magnetism
as can be readily understood by those not
especially trained in electro-techniecs.

Magnetism has always proved an at-
tractive subject to the general reader.
The mysterious nature of the force has
naturally caused it to possess a deep in-
terest for the inquisitive mind of man.
While the mysterious in science, as arule,
is rapidly dispelled, as our knowledge of
the science grows, magnetism has proved
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an exception, so that even to-day much
remains to be explained concerning the
origin and nature of this strange force.
The authors have discussed at some
length various theories of magnetism that
have been propounded from time to time,
and have adopted, provisionally, for
purposes of explanation, that particular
modern theory which would seem to them
to be the most readily comprehended.
The phenomena both of permanent and
electromagnetism are as fully described
as the limits of the book will permit.
The important laws of the magnetic circuit
are carefully presented and are explained
in language which it is hoped avoids
the vagueness that too frequently attends
such descriptions. The phenomena of
the earth’s magnetism are considered at
some length and the peculiarities in the
distribution and variation of this magnet-
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ism have been developed in a manner
which it is hoped will prove attractive
to the reader.

_ The authors have employed throughout
the book the magnetic units provisionally
adopted by the American Institute of
Electrical Engineers.

The authors desire to acknowledge
their indebtedness to Prof. Mark W.
Harrington, formerly of the U. S."Weather
Bureau, for valuable data concerning mag-
netic observations in the United States;
also to Prof. S. P. Thompson for Fig. 81.

Complex mathematical formule have
‘carefully been excluded. .

The authors present the book in the
hope that if may prove of value to the
general public.
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MAGNETISM.

CHAPTER I.

INTRODUCTORY.

.__0—_

TaE mysterious invariably possesses a
strange fascination for the human mind,
which ever desires to peer into the realm
of the unknown. Apparent incomprehen-
sibility, in any physical phenomenon, be-
gets a curiosity that urges the mind to
attempt to wrest the secret of its cause
from nature. It is, therefore, not aston-
ishing that so mysterious a force as mag-
netism should, at a very early peried,
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have attracted considerable attention. It
is uncertain to whom the honor of the
discovery of this strange force is due.
_ History differs as to both the year and the .
nation. According to some, the discovery
of the attractive power of magnetism, for
iron and similar metals, as possessed by
a certain ore of iron called the lodestone,
was made by a shepherd on Mt. Ida, who,
it is alleged, discovered this property
by the iron end of his shepherd staff be-
ing not only attracted to, but also held
by a massive lodestone rock.

It is, however, more probable that the
attractive power of the lodestone was dis-
covered subsequ'ently to its directive
power; that is, the ability of a mass of
this material, when suspended by a
thread, to point in a more or less north
and south direction.
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But it is doubtful that the world re-
mained as long in ignorance of this strange
mineral, and its curious properties, as
the alleged first discovery on Mt. Ida
would indicate. There would appear to
be but little doubt that the Chinese, long
before this time, had a knowledge both of
the attractive and of the directive power
of the lodestone, and that they employed
the latter power, not only in directing
their vessels over their waters, but also
for finding their way across the trackless
plains of Tartary.

Even the origin of our word magnetism,
like the property itself, is involved in
doubt. According to some this word was
derived from magnis, heavy, alluding to
the high specific gravity of magnetic iron
ore, or the lodestone, in which the prop-
erty was first observed. According to
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others, the word magnetism was taken
from the place where it is claimed the
property was first discovered; namely,
Magnesia, Asia Minor. The name former-
ly given to the lodestone had reference
to its ability to point or lead the naviga-
tor. This word is frequently misspelled
loadstone, this error being probably
due to the erroneous idea that the origi-
nal significance of the word was that of
a stone which could support a weight or
load, rather than one possessing a di-
. rective leading tendency.

There would appear to be but little
doubt as to why the ancients looked with
such surprise on the curious properties
of the lodestone. This strange substance
seemed to them instinet with life; for it
was apparently able to determine, while
yet at a distance from a body, whether it
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should attract it or not, a property emi-
nently characteristic of intelligence.
Moreover, observing the facility with .
which the lodestone could impart its mys-
terious properties to other bodies, such,
for example, as hardened steel, by merely
stroking them, did it not seem as if it
were thus able to endow such bodies with
a portion of its own vitality ? Even when
more intimate knowledge of the properties
of the lodestone showed beyond doubt
that it possessed no animation, there still
remained to be explained that strange
facility with which it can apparently
reach across intervening space and draw
to itself certain bodies.

It happens seldom, in the history of
scientific discovery, that the first ob-
served phenomenon, in any particular field
of research, possesses on its face a prom-
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ise of marked practical value. On the
contrary, the unexplored realm, as seen
through the partly open door of the first
~ recorded observation, generally seems
to promise but little of true practical
value. Magnetism forms no exception to
this general rule. The comparative insig-
nificance of the force developed in the
attractive power of the lodestone as it
was first known, would scarcely lead even
the most sanguine to expect from it
valuable results. It is true that the
discovery of the directive property of
the lodestone gave to the world, in the
mariner’s compass, an instrument of in-
estimable value; but, apart from this
discovery, there seemed to be but little
promise of practical work to which to put
the unseen fingers of the magnet, as man-
ifested in its ability to reach out across
apparently empty space and draw to it
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the bodies it apparently selected. But
modern discovery has shown in this
case, as it has in many others, that it is
unsafe to assert that any observed phys-
ical phenomenon, however apparently
insignificant, is devoid of practical value;
for, is it not the invisible fingers of the
magnet that to-day stretch across land
and sea and deliver the telegraphic
message? Nor is the power of these un-
seen fingers limited to the movement of
delicate machinery. They prove indeed
the giant fingers, that in the electro-
magnetic motor, move ponderous ma-
chinery of many a mill and factory, or
drag loaded street cars, even up moun-
tain slopes.

It generally happens that even a super-
ficial study of a new and strange force
at once strips it of all its apparent mys-
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tery, but this has proved far from true
with the strange force of magnetism.
Though much has been discovered con-
cerning its nature, though we have al-
ready investigated many of its laws, and
caused magnetic force to serve mankind
in many and varied directions, yet we
seem, even to-day, almost as far as ever
from understanding its exact nature and
are still confronted with terra incognita at
every step.

It is a curious fact that the strange
force of magnetism is indissoluably con-
nected with the equally strange force of
electricity. Although, as is now well
known, an electric discharge or current
cannot occur without the production of
magnetic phenomena, yet, for many cent-
uries, the sciences of magnetism and elec-
tricity were kept apart, the two being re-
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garded as presenting entirely separate
- groups of phenomena. This unnatural
divorce of two sciences, wedded by na-
ture, effectually prevented any marked
advance being made 1n either.

It would appear that the phenomena
of magnetism were observed at a much
earlier date than were those of electricity.
At least, this would be so on the assump-
tion that the first recorded electrical ob-
servation was that of Thales, 600 B. C.;
for Thales was anticipated, many centur-
ies, by the Chinese discovery of the direc-
tive properties of the lodestone. But
though magnetism had thus very much the
start of electricity, yet it by no means
maintained its lead. Progress in electric-
ity was very rapid during the 18th century.
During the last century, however, the
happy discovery, by Oersted, of the rela-
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tion between electricity and magnetism,
broke down the barriers between the two
sciences, and, since that time, both have
progressed, side by side, with unexam-
pled rapidity. The reason for this great
rapidity in joint progress during recent
times has been owing to the numerous
practical applications which have been
found for both these forces, first in teleg-
raphy; then in electric lighting; and now
in the electrical transmission of power.




CHAPTER 1L

MAGNETIC PHENOMENA.

TuE earliest experiments that were made
with magnets, sufficed to convince the
observers that there were two placesin
every magnet where it manifested its
peculiar properties in the most marked
manner. These places are called poles.
The pole which points approximately to-
ward the geographical north, when the
magnet is freely suspended, is called the
north pole of the magnet, and the other
pole is called the south pole. The portion
of the magnet that lies between these
two poles apparently possesses but little
magnetic influence. At this time, there-
fore, a magnet was regarded as consisting
practically of a pair of poles, separated
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by a mass of intervening material. As
we shall see, in the modern theory of
magnetism, this view has entirely passed
away. All portions of a magnet are now
considered as possessing equal, although
not apparently equal, influence, in the
production of the magnetic phenomena.

Early in the study of magnetic phe-
nomena, it became evident that it was
not sufficient to confine one’s attention
entirely to the magnet itself; that some-
thing existed in the surrounding medium,
outside the magnet, which formed an in-
'tegrél part of the magnet. .In this
region external to the magnet, extend, as
it were, the invisible fingers of the mag-
net, and in it, almost all the observed mag-
netic phenomena occur. Further experi-
mental investigations soon indicated that
the magnetic influence extends externally,
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not merely from one pole to the other, but
also returns through the substance of the
magnet, thus completing what may be
called a magnetic circuit.

The whole body of a magnet may, there-
fore, be considered as a means or device
whereby the magnetic influence may pass
out from the magnet at its north pole, and,
after having traversed the external space,
re-enter the magnet at its south pole,
completing the circuit through the mass
of the magnet. Moreover, it has been as-
certained that no magnetic phenomena
can be developed without producing a
complete magnetic circuit.

By a circuit, in the sense in which the
word is employed above, is meant a com-
pletely closed path, motion in a circuit
necessarily consisting of motion in com-
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pletely closed curves or chains. In this
sense, motionin a magnetic circuit is not
unlike the motion of a belt around a pair
of pulleys, or the motion of a street-car
cable through the conduits in the streets.
In neither of these instances can the effect
~ of the moving belt or the cable be pro-
duced, unless its circuit is completed. In
the same way no magnetic effect can be
produced unless the force acts in closed
paths or circuits.

Bearing in mind the fact that, in the
study of magnetic phenomena, the atten-
tion must extend to the entire magnetic
circuit, we will now consider some of
the commoner phenomena of magnetism.
One of the most important of such phe--
nomena is the directive tendency of the
magnetic needle. A magnetic needle con-
sists of a slender bar of hardened steel,
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which has been so magnetized as to bring
its poles at its ends, and so suspended,
near its middle point, as to be free to
move in a horizontal plane. Such a mag-
netic needle is shown in Fig, 1, where

\S o ads e s o

F16. 1.— PrvorEDp MAGNETIC NEEDLE AT REST IN NORTH AND -
SoUTH DIRECTION, THE PENCIL POINTING IN THE
DIRECTION OF THE NEEDLE.

a magnetized needle, suspended as de-
scribed, is pointing in a north and south
direction. In the Northern Hemisphere, a
magnetic needle will come to rest with
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one of its poles pointing approximately to
the earth’s north geographical pole. This
end of the needle is called its north mag-

Fi6. 2.—REPULSION BETWEEN LIKE POLES OF MAGNETIC
NEEDLE.

netic pole and the opposite end, its south
magnetic pole. '

Suppose now, a second magnetic needle
be placed sufficiently distant from the
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other, so as to be unaffected by its influ-

ence;then both needles will come to rest

with their north poles pointing approxi-

mately north. If one of the needles be
now lifted from its support, and, while
prevented from moving, as by resting iton
a cork, the north pole be brought nearer to
the north pole of the other needle, repul-

sion will oceur, as shown in Fig. 2, where
the amount of the repulsion is indicated
by the pencil, which points in the direction
assumed by the suspended needle prior to-
its repulsion. Similarly, if the south pole
of one needle be approached to the south
pole of the suspended needle, repulsion
will also occur. But if the north pole of
one be brought near the south pole
of the other, or vice versa, attraction will
occur. These effects may be summed up

in the following law of magnetic attrac-

tions and repulsions; namely,
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(1) Like magnetic poles repel.
(2) Unlike magnetic poles attract,

Let us now inquire as to the cause of
the attractive tendency of the magnetic
needle.. Why is it thatinalmost any part

F16. 3. —ATTRACTION BETWEEN ONE POLE OF A PIVOTED
NEEDLE, AND THE POLE OF THE APPROACHED BAR MAGNET.

of the Northern Hemisphere the needle
will come to rest withitsnorth pole point-
ing approximately to the earth’s geo-
graphical north? The reason may be

.
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found by the following simple experiment:
Suppose, while the magnetic needle is at
rest, a magnetized bar be brought, as
shown in Fig. 3, with its south pole into
the neighborhood of the needle’s north
pole, then, on account of the attraction of
the opposite pole of the bar, the north pole
of the needle, instead of pointing as indi-
cated by the pencil, to the north pole of
the earth, will point to the approached
pole of the bar magnet. The cause of the
directive tendency of the magnetic needle
is to be found in a similar action. Aswill
be shown in a subsequent chapter, the
earth acts as a huge magnet, with its mag-
netic poles situated in the neighborhood
of its geographical poles. All magnetic
needles in the Northern Hemisphere will,
therefore, point approximately to this
magnetic pole and, consequently, to the
earth’s geographical north pole. But
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since opposite poles attract each other,
it is evident that, if we regard the pole
of the magnetic needle which points to
the north, as its north magnetic pole,
then the magnetic polarity of the earth’s
Northern Hemisphere must be south.

The above fact has given rise to no
little misunderstanding concerning the
proper-designation of the poles of a mag-
netic needle. According to some, that
pole of the needle which points to the
geographical north of the earth is called
the north-seeking pole. Others have named
it the marked pole. Some have endeavored
to distinguish the polesby different col-
ors, such as the blue pole and the red pole.
The French originally endeavored to
overcome this difficulty by calling that
the south pole or end of the needle, which
pointed approximately to the earth’s
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north. It is now, however, generally

agreed to call the end of the needle which

points toward the geographical north, the
north pole of the needle, in accordance

with which the earth’s Northern Hemis-

phere must,- of course, be assumed to

possess south magnetic polarity.

The laws of magnetic attraction and re-
pulsion may, therefore, be applied to de-
termine an unknown polarity in a magnet-
ized bar. Suppose, for example, that.
one end of the magnetized bar shown in
Fig. 3, be approached to a suspended
magnetic needle; then the polarity of the
presented end of the bar will be the same
as that of the repelled pole of the needle,
or opposite to that of the attracted pole.

The simplest form of magnet con-
gists of a straight bar or rod of stecl,
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so magnetized that the poles lie at
or near the extremities of the bar.
Heavy bar magnets may be made either
of a single piece of steel or of a number

F16. 4. —COoMPOUND PERMANENT BAR MAGNET.

another as shown in Fig. 4, where 12
separatebars d, d, d, are connected at their
extremities to soft iron pole-pieces N and
S. Such magnets are called compound
magnets. They are constructed in this
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shape for the sake of obtaining a more
ngarly perfect temper, or degree of hard-

F1G. 5.—HORSE-SHOE PERMANENT MAGNET.

ness, in the material of the thinner bars,
than can be secured in a single larger
mass.
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The magnetic circuit of a bar magnet
is always completed through the medium,
usually air, surrounding the bar. When,

F16.6.—CoMPOUND HORSE-SHOE MAGNET.

however, a bar magnet is bent into the
form, as shown in Fig. 5, it is called a
horse-shoe magnet, - When the poles of
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such a magnet are connected by a piece
of iron, or keeper, the entire circuit of the
magnet is completed through iron. A
form of compound horse-shoe magnet is
shown in Fig. 6, in which the keeper is
represented as supporting a considerable
weight by means of its attraction to the
poles.

When a magnetized bar is rubbed
against a piece of steel, the latter will
thereby become magnetized, or will ac-
quire magnetism from contact with the
magnet. The magnetizing magnet, how-
ever, does not lose its magnetism, for rea-
sons that will be considered later. If
geveral bars of different kinds of steel be
magnetized in this manner, it will be found
that some of them retain their magnet-
ism much better than others. Inall cases,
however, if the steel be fairly hard, they
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will retain their magnetic properties for
a fairly considerable time after contact
with the magnetizing magnet. But if
a bar of soft iron be thus magnetized, it
will be found that although it will acquire
magnetic properties with great readiness,
and will maintain its magnetism while in
contact with the magnetizing pole, yet, as
soon as it is removed, it will immediately
lose its magnetism. Hardened steel,
therefore, differs markedly from soft iron,
both in its ability to receive and to retain
magnetism. Hardened steel is difficult
to magnetize, but it is also difficult to
demagnetize. Softiron, on the contrary,
has very little power of resisting either
magnetization or demagnetization. In
other words, it is easy both to magnetize
and to demagnetize.

The property possessed by hardened
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steel of retaining its magnetism is some-
times called magnetic retentivity. This
property was originally called coercive
Jorce. Magnetic retentivity refers only
to the ability of the iron or steel to retain
magnetism when imparted to it, or, as it
has been very happily expressed by an
English writer, the magnetic memory of
hard steel for its past magnetic state is
good, while that of soft iron is bad. As
will be seen in the chapter on electro-
magnetism, the ability of soft iron to
acquire and lose magnetism readily,
forms one of the most valuable properties
of the electromagnet.

As might be supposed from the pre-
ceding, experiment has shown, that when
hardened steel is softened by annealing,
it loses its retentivity; and, on the con-
trary, when soft steel is hardened, as for
example by pressing, rolling, or heating



28 MAGNETISM,

and suddenly chilling it acquires a great-
erretentivity. Magnetic retentivity there-
fore is associated with molecular condi-
tion. :

Contrary to what might be supposed,
the iron or cast steel employed in the
large magnets for dynamo-electric ma-
chines, is not selected for its retentiv-
ity, these magnets being always excited
by electric currents so that their reten-
tivity is not essential.



CHAPTER IIL
THEORIES OF MAGNETISM.

Ir a magnetized bar of hardened steel,
such as a watch spring, be rolled in iron
filings, the filings will not be equally at-
tracted to all parts of the bar, but will
collect mainly at the ends, the central
portions being practically uncovered.
The actual state of things is represented
in Fig. 7, where the filings are seen to be
collected at the ends NV and S, respective-
ly the north and south poles of the mag-
net. A small compass needle approached
to this bar, as shown, will indicate that all
parts between the centre and the north
pole are of north polarity, and all parts
between the centre and the south pole are
of south polarity. The point O, which



30 MAGNETISM.

acts as a point devoid of magnetism, is
called the neutral point. The intensity
of the magnetism increases from the neu-
tral point toward each end or pole.

In order to explore the bar and deter-

F1a, 7.—MAGNETIZED BAR WitH IRON FILINGS SHOWING
PoLAR CONDITION,

mine its apparent distribution of polar-
ity, suppose the compass needle be ap-
proached to the north end of the bar; it
will then be found that its south pole will
continue to be attracted by the bar until
the neutral point O, is reached, when the
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needle will turn and the opposite end will
be attracted from O to S. Moreover, it
can be shown that the strength of the
magnetic influence, proceeding from the
bar, is zero at the neutral point and in.

.....

e

F16. 8, —DIAGRAM REPRESENTING DISTRIBUTION OF MAGNET-
10 FLUX ENTERING AND LEAVING BAR MAGNET.

creases rapidly toward the ends of the
bar, following a curve similar to NOB,
Fig, 8, the left-hand portion being drawn
below the line to represent south polarity.

A magnetic bar possesses no external
magnetism at its neutral point. It early
occurred to investigators in magnetic
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phenomena, that if a bar, magnetized as
in the preceding experiment, be cut or
separated at the neutral point, two mag-
nets would be obtained, one of which
would possess nothing but north polarity,
and the other, nothing but south polarity.
A trial being made, however, toAtheir as-
tonishment it was found that a bar so sep-
arated did not.possess separate polarities,
but displayed opposite polarities at each
end, each bar having, as before, two poles,
shown by rolling them in iron filings
which collected at the ends as in the
figure. Moreover, the curve representing
the intensity of the magnetic effect by
each piece possessed the same peculiar-
ities as in the first case. It was also
found that if one of the two pieces be di-
vided at the neutral point, there will
again be produced two magnets, possess-
ing poles at their extremities, and, that
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no matter how far this subdivision be
carried, each of the separate bars would
possess at its extremities, separate north
and south polarities. This is shown in
Fig. 9, where the bar employed in Fig.

F16. 9. —POLARITY OF DISSECTED MAGNET.

7 was first divided into halves, one of
which was left at A, and the other
divided into quarters, one of which is
shown at B, and then the remaining
quarter was divided into eighths, two of
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which are shown at Cand D. Here the
filings, collected at the extremities, show
the existence of poles, the polarity of
which is indicated by the letters #» and s.

It would appear, therefore; to be im-
" possible any longer to hold to the fluid
theory of magnetism; namely, that a bar
owed its magnetic properties to the aec-
cumulation of north and south magnetic
fluids in the neighborhood of its poles;
for this theory would necessitate the ex-
istence of absolutely no magnetism at the
neutral point, whereas the experiment of
the divided bar shows that the magnetism
exists as strongly here as at any other
part of the magnet, being, for reasons
which were not then understood, in a
masked or neutral condition at this point.
An attempt was, therefore, made to
Modify the fluid hypothesis, by suppos-
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ing that under the influence of a magnet-
izing force, a separation of the magnetic
fluid occurred in each of the ultimate
particles of the magnet. This modified
theory has, in later years, given place to
the theory which we will now discuss.

According to the more modern theory,
the cause of magnetism in iron is ascribed
to its ultimate particles, which are as-
sumed to inherently possess north and
south polarity. In other words, if we
could isolate an ultimate particle of iron,
we should find that it inherently possess-
es a north and south pole, and, therefore,

‘tends to behave like a small compass
needle. According to this theory, the act
of magnetization consists in an alignment
of all the ultimate particles of the bar,

* that is, causing all the poles to take the

same direction, or to point along the same
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line. The bar acquires its full magnetiza-
tion, or is magnetized to saturation when
all its particles are thus aligned. In
order to explain why a bar of unmagnet-
ized iron should be devoid of sensible
magnetic properties, when each of its
ultimate particles is assumed to possess
magnetism, it is only necessary to sup-

F16. 10.—HETEROGENEOUS ASSOCIATION, CORRESPONDING TO
ABSENCE OF MAGNETIZATION.

pose that in unmagnetized iron there is a
lack of definite alignment, the particles
being arranged in a haphazard manner,
so that the influence of their adjacent
opposite poles would be to prevent any
magnetic effects from being perceived
outside the mass, -
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The above theory of magnetism is capa-
ble of accounting for the complete magnet-
ization of a bar, for the complete neutral
condition, or for any intermediate state.
A partially magnetized bar, for exam-
ple, is one in which there exists only
a partial alignment of the ultimate par-

ticles. The condition of the molecules in
- 'S
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F1@. 1.—PARTIAL ALIGNMENT CORRESPONDING TO PARTIAL
MAGNETIZATION.
an unmagnetized bar, where no definite
alignment has been produced, is repre-
sented diagrammatically in Fig. 10. Here
the arrows represent the assumed indi-
vidual molecular magnets, the pointed
end of each arrow being assumed to pos-

sess north polarity and the other end,
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south polarity. Evidently, a mass of iron
with this interior molecular arrangement,
would possess no resultant external mag-
netism since the opposing polarities
would neutralize each other’s external
influence.

In Fig. 11, the arrangement of the
molecular magnets is shown, when a

. F16. 12.—CoMPLETE ALIGNMENT, CORRESPONDING TO COM-

PLETE MAGNETIZATION,
partial alignment occurs. Here some of
the molecular magnets, say thirty, or for-
ty per cent., have a definite alignment,
while the others are heterogeneously ar-
ranged. As before, these latter should
neutralize each other’s influence so far as
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internal effects are concerned, while those
which possess a definite alignment would
necessarily produce external magnetic in-
fluence.

The condition of affairs shown in Fig.
12 is that in which all the separate mole-
cular magnets are aligned in the same
general direction, under the influence of
some external magnetic force. Here the
maximum external magnetic influence is
produced.

Attempts have been made by investi-
gators to study, on a large scale, the con-
dition of affairs, which, according to the
preceding theory, exists in the interior of
a bar of iron, by grouping a fairly great
number of separate compass needles,
placed sufficiently near each other, but
without actually touching, to sensibly in-
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fluence each other’s movements. - Under
these circumstances, it is found that sub-
sequent disturbances of the needles, of as
nearly as possible the same character and
force. do not bring about the same group-
ings. The needles are then subjected to
a more powerful magnetizing force, under
the influence of which, either a partial
or a complete alignment of the separate
magnets is obtained, according to the
strength of the magnetizing force em-
ployed.

According to the theory we have here
discussed, the difference in the behavior of
hardened steel and soft iron, as regards
both magnetization and demagnetization,
is due to the fact that in hardened steel,
which, as we have seen, possesses consid-
erable resistance to magnetization, but
tends when once magnetized to retain such
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magnetization, the separate molecules, or
individual molecular magnets, are not
eagily turned so as to become aligned;
while the case of soft iron, which is easily
magnetized, and which, with equal readi-
ness, loses its magnetization, the resistance
to this turning is comparatively small.

In the case of the model of a magnet
just referred to, the condition of affairs
somewhat resembling that of hardened
steel, where the individual magnets dis-
play considerable resistance to motion,
might be obtained by supporting the com-
pass needles in some clear, viscid liquid
like glycerine. In such a case, it would
require a powerful magnetizing force to
bring all the separate magnetic needles
into alignment, but once this alignment
had been obtained, there would also be
considerable difficulty in breaking it up,
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on account of the fluid friction throughout
the mass. The same hypothesis also
explains a fact which has presented no
little difficulty to experimenters; namely,
the effects heat produces on a magnetized
bar. When a magnetized bar is heated
to redness it is found that it entirely
loses its magnetism. Since the effect of
an increase of temperature is to increase
the ease with which the molecules of the
bar can move to-and-fro, the facility
with which a given alignment can be lost
on account of their more frequent col-
lisions and freedom of movements is
thus explained.

A body is said to be soft when its par-
ticles can be easily displaced relatively to
one other, On the contrary, a hard body
is one whose particles cannot be easily
displaced. It would, therefore, seem
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highly probable that the properties of a
piece of iron, which should prevent mag-
netic displacement or alignment of the
particles, should also be the property
which is recognized as mere mechanical
hardness. Naturally, therefore, accord-
ing to this theory, a piece of soft iron
should be readily magnetized because, be-
ing soft, its particles possess this neces-
sary mobility, while, on the contrary, a
piece of hard iron should tend to resist
magnetization, because its particles, being
hard, possess rigidity. In the same way,
soft iron should readily lose its magnetic
condition, when removed from the in-
ﬁuen(\ze of the magnetizing force, while
the bar of steel should, on the contrary,
retain its magnetization for a considera-
bly greater period. These are precisely
the characteristics of soft iron and hard
steel. :
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Since the ability of a bar of hardened
steel to retain its magnetism is due to a
physical rather than to a chemical prop-
erty, the same bar of steel, if annealed or
softened, should practically act like a bar
of soft iron; while, on the contrary, if it be
hardened, as by being raised to a high
temperature and suddenly cooled, it should
resist changes in its magnetization. These
theoretical considerations are established
as facts in actual practice. Bars of steel
- can be rendered so hard that magnetiz-
ing forces, sufficiently powerful to impart
considerable strength of magnetism to the
same bars when not so hardened, may be
utterly incapable of producing any ap-
parent effect as to their magnetization. In
order, therefore, to obtain permanent
magnetic effects in bars of steel, it is nec-
essary to obtain such bars as hard as
possible. | ‘
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The preceding theory accounts satis-
factorily for nearly all the observed phe-
nomena of magnetism in iron. It will be
noticed, however, that to a very consider-
able extent, the theory begs the question
as to the real cause of this strange force,
since it does not attempt to explain how,
or by what means, the ultimate particles
of iron become magnetized. It simply
assumes them to be magnets. Attempts
have, therefore, been made to supplement
the theory by endeavoring to explain why
the ultimate particles of iron should be
magnetic. '

One of such theories assumes that the
magnetism produced by iron and other
substances is due to whirlings or vortices
in the ether. It assumes that a magnet-
ized bar, or a magnetized molecule, pro-
duces a whirl or cyclonic motion in the
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surrounding ether, and attempts have been
made to explain magnetic attractions and
repulsions, as well as other magnetic ef-
fects, by these movements of the other.
Another and somewhat similar theory as-
cribes magnetic phenomena also to a mo-
tionin the ether, but this motionis assumed
to be one of a forward motion like wind;
so that, according to this view, a magnet-
ized molecule, or collection of mole-
cules, produces actual magnetic streamings,
or a streaming motion in the ether, along
the direction in which the magnetic nee-
dle points.

Without giving a preference to either
of the two theories just mentioned, we
will adopt the latter throughout this little
book, on account of the greater conven-
ience which a theory of a simple stream-
ing ether motion possesses over a vortical
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motion. No theory of magnetism can be
considered worthy of credence unless itis
also capable of accounting for the allied
phenomena of electricity. Electric cur-
rents are never varied without at the same
time producing magnetic phenomena,
and, conversely, the intensity of magnefic
streamings are never varied without, at
the same time, producing electric phe-
nomena.

In order to endeavor to obtain a con-
ception of the state of affairs which exists
in a magnetized bar of iron, let us suppose
that each of the molecules of the iron has
a structure such that permits it to act as
aminiature fan motor, inherently possess-
ing rotation. Since it is surrounded by
the ether, which is a frictionless fluid, if
this fluid be once set in motion it would
require no additional force to  keep it
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moving forever. Consequently, if once
set in motion, it would continue moving
forever. These molecular fans may be
imagined to set up, by their rotation, a
streaming motion of the ether through
them. Looked at in this light, the theory
of magnetism which ascribes the phenom-
ena to the molecules themselves, regards
each molecule as possessing magnetic
properties because it causes a streaming
motion of ether to take place through it.
Since all molecules of matter probably
possess rotation, and since they apparent-
ly do not all possess magnetism, it is pre-
sumable that the molecules of the mag-
netic metals only, owing, perhaps, to
some peculiarity of shape, produce as a
result of their rotary motion, the ether
streamings above referred to.

It will be seen 'that the above theory,
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like the one already referred to, traces
the magnetism.of a bar to its ultimate
molecules. Instead, however, of assum-
. ing that these molecules are inherently
magnetic, without explaining the ulti-
"~ mate causes of their magnetism, it pos-
sesses the merit of giving a working hy-
pothesis as to the possible origin of their
magnetism. The theory accounts for the
unmagnetized condition of a bar of iron in
its neutral state, on the assumption that
the ether streamings, caused by the in-
dividual molecular magnets, possess no
definite alignment, so that the tendency
of the separate streamings is to neutralize
one another. As soon, however, as an
alignment is obtained, the effect must be
that all these molecules produce a co-
directed streaming in the ether, whose
intensity is, therefore, appreciable at a
considerable distance from the magnet.
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Let us consider, therefore, what must
occur, according to this theory, in the
case of a small bar of iron, which has ac-
quired external magnetic properties, that
is to say, has become magnetized by rea-
son of having all its molecular streamings
similarly directed. The effect will evi-
dently be to cause a powerful ether
streaming to pass through the bar in the
direction of its length, issuing at one pole,
and, after having traversed the space out-
side the magnet, re-entering at its oppo-
site pole. These streamings, as will be
subsequently shown, take paths as may be
traced by a small compass needle, which
are geometrically of the same form as
those whi¢ch would be produced in a frie-
tionless fluid, if all the molecules in the
bar did actually consist of miniature
mechanisms whereby ether could be con-
tinually pumped through them.
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The theory of magnetic streamings is .
capable of explaining all the ordinary
phenomena of magnetism. Take, for ex-
ample, the directive tendency of the mag-
netic needle, as evidenced by its com-
ing to rest in a definite direction under
the influence of another magnet. Sup-
pose, for example, a bar magnet be ap-
proached to a suitably supported mag-
netic needle; then this needle will come
to rest when the ether streamings from
the bar magnet pass through the mag-
netic needle in the same direction as the
ether streamings produced by the mag-
netic needle itself. Of course, since the
ether streamings are purely hypothetical,
and, indeed, could not be seen, even if we
were absolutely assured of their exist-
ence, it is impossible to say whether
they emerge from the north pole or the
south pole of the magnet, but since the
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theory supposes that in a magnet the

streamings are all co-directed, it is clear
that they must all come out of one mag-
netic pole and re-enter at the other pole.
In order to fix definitely our ideas con-
cerning this important point, it has been
generally agreed to regard the magnetic
streamings as issuing from the north pole

F16. 13.—CONVENTIONAL DIRECTION OF MAGNETIC FLUX.
of the magnet and re-entering it at the
south pole, as represented in Fig. 13 by
" the arrows. Here, however, only a por-
tion of the streaming paths is shown,
each arrow being assumed to be extend-
ed until it forms a continuous path both
- outside and within the magnet.

In this light, therefore, let us again ex-
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amine the action of a magnetic bar on a
suspended needle. Suppose, for example,
that it be the north pole of a magnet
which is approached toa needle. Then
the ether streamings, emerging from the
north pole of the magnet, will penetrate
the substance of the magnetic needle,
and the needle will rotate until the two
streamings are similarly directed; but,
to do this, it is evident that the movable
needle must turn around until it presents
its south pole to the north pole of the
approached magnet; for, in that condition
only can the ether streamings produced
by the approached magnet pass through
the needle in the same direction as its
own ether streamings. Suppose, however,
that the magnetic needle be fixed, and
that the mnorth pole of the magnet be
approached to its north pole. Then the
ether streamings of the two magnets will
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be opposed, and a repulsive tendency will
exist between them. It is under the in-
fluence of this repulsive tendency that the
magnetic needle, as soon as free to move,
will turn around until it presents. its op-
posite pole to the approached magnet.

It might be supposed that if such
streamings, as we have hitherto assumed,
actually existed, that they would mani-
fest their presence by actually carrying
gross matter bodily along with them,
though no such effect is actually observed,
yet it is quite possible that ether streams
might exist without necessarily produc-
ing translatory motion in material masses,
since it might readily pass through their
intermolecular space.




~ CHAPTER IV.
MAGNETIC CIRCUITS.

TaE theory which we have provisionally
adopted concerning the origin of magnet-
ism; namely, that it is due to ether
streamings, which issue from the magnet
at its north pole, and re-enter it at its
south pole, necessitates, as we have seen,
the conception of a completed path, called
the magnetic circuit, through which these
streamings pass. This path consists of
two distinct parts; namely, of the region
outside the magnet, and that within its
body or substance. A little reflection
will show shat this necessarily forms a
- closed path. Tracing the path of the
ether stream issuing from the north pole
of, for gxample, the bar magnet shown
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in Fig. 14, it will be seen that after
having traversed the region outside of the
magnet it re-enters the magnet at its
south pole, from which, after passing

‘- e *\‘, —

& -
w— = ~
o N
/ X
‘! .
] N g
D e r O B e —r{../.f ......
/— —r — —p —— — — — ) — —) — 1>
\\ s
‘\.1\ —

T — — —

Fi6. 14.—SIMPLE MAGNETIC CIRCUIT. .
through the body of the magnet, it again
issues from the north pole.

The ether streamings take various paths
in the region outside of the magnet, some
of the paths lying close to the body of the
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magnet itself, while others are situated at
greater distances from it. They all, how-
ever, agree in this respect; they issue, as
is conventionally assumed, from the mag-
net at its north pole and re-enter it at
its south pole. In other words all mag-
netic stream-lines form closed paths or
circuits, and no magnetic stream can ter-
minate abruptly.

Magnetic streamings are generally
known as magnetic flux. They were gen-
erally alluded to in the earlier writings as
lines of magnetic force, or sometimes as tubes
of magnetic force. The provisional theory,
which we have adopted, regards them
as actual ether streamings set in motion
through the molecular mechanism of the
magnet, and this conception is preferable
to that of lines of magnetic force. As to
what the velocity of these ether stream-
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ings may be, it is impossible to estimate;
it might be very great, or it might be very
small. In referring to Fig. 14, care must be
taken to remember that the paths of the

F16. 15.—FLUX OF BAR MAGNET.

stream lines are here entirely diagram-
matic. An inspection of the figure will
show clearly, however, that a magnetic
circuit consists, as already stated, of two
distinet parts; namely, the portion of the
circuit lying in the regions outside the
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magnet, geherally occupied by the air,
and that portion which is formed by the

mass of the magnet itself.

A more nearly accurate representation
of the actual paths taken by some of the
stream lines is shown in Fig. 15. The
method by which this figure has been ob-
tained will be explained later. An in-
spection of this figure will show a greater
number of stream-lines and, moreover,
will render evident the fact that the points
of entrance and exit of the magnetic lux
are by no means situated near the extrem-
ities of the bar, but exist over considerable
portions of the surface. The streame-lines
shown at the end of the bar are approx-
imately straight paths, but in certain por-
tions of the figure it can be seen where
the paths actually emerge from one part
of the magnet and re-enter at another part.
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Were the area of the figure sufficiently
enlarged, that is, if a sufficient length of
the stream-lines had been represented, it
would be seen that all form closed cir-
cuits, the stream lines issuing from any
point of the magnet re-entering the mag-
net at some other point.

Magnetic flux may complete its path
through a circuit entirely of iron, entirely
of air, or partly of iron and partly of air.
A magnetic circuit may, therefore, be
formed entirely of iron, entirely of air, or
partly of iron and partly of air. A mag-
_ netic circuit formed entirely of iron is
generally termed a ferric magnetic circuit.
A magnetic circuit formed entirely of air
is generally termed a non-ferric magnetic
circuit and a circuit formed partly of iron
and partly of air is called an aero-ferric
circuit.
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Nearly all practical magnetic circuits
are of the aero-ferric type. Fig. 16 rep-
resents a ferric-magnetic circuit. Here
the flux paths lie completely in the mass
of the iron ring which forms the complete
circuit. Such amagnetic circuit, although

F16. 16.—FERRIC MAGNETIC CIRCUIT.

poséessing flux circulating through it,
would, nevertheless, manifest no external
magnetic effects, although all its molecu-
lar magnets would be aligned concentric-
ally in annular paths; and, consequent-
ly. would have all their ether streamings
co-directed, so that the streamings would
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" take circular or annular paths through the
bar. Although the ring would thus be
powerfully magnetized, yet, since none of
the flux escapes into the air, but is all
contained within the iron itself, no exter-

F16. 17.— AERO-FERRIC MAGNETIC CIRCUIT.

nal magnetism is perceived either by a
compass needle or by iron filings.

That a closed iron ring actually pos-
sesses magnetism can readily be dem-
onstrated by making an air gap, as by
a saw, through one or more parts of the
ring. If this be done, as shown in Fig. 17,
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in the case of a hard iron ring, powerful
magnetic poles will be developed, at oppo-
site sides of the gaps, the polarity of
which, in accordance with the convention
already referred to, will be respectively
north and south, at the points where the

Fra. 18.—VoLraic CELL SUPPLYING CURRENT To A HELIX.

magnetic flux issues from and enters
into the iron,

‘We have now to describe a non-ferric
circuit. If, as in Fig. 18, an electric cur-
rent is sent from an electric source, such
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as a battery B, through a heliz or coil of
wire H, the helix acquires all the proper-
ties of a bar magnet, even though the bar
of iron N S, be removed. Such a circuit,
with the bar removed, is called a non-
Serric circuit. It is evident that a ferrie,
or aero-ferric‘ circuit, may be maintained
entirely by a permanent magnet, but a
non-ferrie circuit necessarily requires an
electric current to maintain it.

It is a well-known fact that a bar of
goft iron is attracted and held to the
poles of a magnet, such, for example, as
a horseshoe magnet. If the magnet be
fairly powerful, a plate ofglass, interposed
between the poles of the magnet and the
piece of iron, will not prevent the iron
from being attracted and held to the poles,
although, of course, not 8o powerfully, on
account of the distance intervening be-
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tween the piece of soft iron and the
magnet poles. The strength of the mag-
netic action rapidly decreases with the
distance from the magnet. Since mag-
netic attraction is due to the flux from
the magnet passing through the iron, it is
evident that the glass does not interpose
any obstacle to the passage of flux through
it. Similarly, a piece of wood, porcelain,
or copper, or, in fact, any material except
the magnetic metals, would, like glass,
permit attraction to take place through
its mass; or, in other words, would per-
mit the flux to pass through it. If we
except the magnetic metals,all substances,
whether solid, liquid, or gaseous, conduct
magnetic flux with practically equal fa-
cility, all of these substances offering
about the same resistance to its passage
as does ordinary air. Consequently, in
the case of the bar of iron attracted to the
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magnet through the plate of glass, the
strength of such attraction, if measured,
would be found to be practically the same
asif prevented from moving to the magnet
and separated by the same distance of air.

If a plate of glass be supported horizon-
tally over a flat magnet, say a horseshoe
magnet, and iron filings be sprinkled over
the glass, as soon as these iron filings enter
the regions traversed by the flux produced
by the magnet, they will be magnetized.
Consequently, in their passage through
the air, they tend to form chains by the
attraction between their adjacent poles;
or, looking at the phenomenon from a dif-
ferent standpoint, the minute particles of
iron practically become grouped in curved
paths extending in the direction of the
stream lines of magnetic flux. In order
to assist in the grouping of the iron filingg
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the plate is gently tapped after they have
fallen on its surface. Under these cir-
cumstances, the filings will collect in cer-
tain groupings forming what are known
as magnetic figures, such groupings only

Fi16. 19.—~MAGNETIC FLUX OF HORSESHOE MAGNET.

representing the direction of the flux lines
in the plane of the glass plate.

Fig. 19 shows groupings of iron fil-
ings obtained in this way. Here,as in Fig.
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15, which was similarly obtained, it will
be observed that all the streamings by no
means leave the magnet atits extremities
or poles, but that such streamings exist
between all portions of the surface of the
magnet. Near the extreme poles, the
filings will be observed to collect in
‘denser masses than elsewhere, thus in-
dicating a greater flux or flow of mag-
netism at these points. In the caseof any
magnetic working device, such, for ex-
-ample, as the horseshoe magnet, shown
in Fig. 19, the useful work done by the
magnetic flux is limited to some particu-
lar portion of the magnetic circuit, in this
particular case, to the region surrounding
or lying between the poles of the magnet.
It is in this region that all the useful flux
of the magnetic circuit passes. The re-
maining portion of the flux, from which
no useful effect can be obtained, is gener-
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ally known as leakage flux or as magnetic
leakage.

Various processes have been devised for
the purpose of permanently fixing the
iron filings on the surface of the glass
plate, or on the surface of the piece of
paper, 8o as to render the groupings per-
manent. One of these processes consists
in covering the surface of a sheet of
paper.or glass with a thin coating of wax
or paraffine. The filings are applied to the
sheet while the paraffine is cold, and,
consequently, hard, and, after a suitable
grouping has been obtained, the filings
are fixed in place by heat gently applied
to the wax, as, for example, by hold-
ing a hot iron near the surface, or by
permitting the flame of a Bunsen burner
to play gently over the surface of the

plate.
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When the groupings of filings are so fixed
on the surface of a glass plate, the glass
may be used as a positive for the purpose
of obtaining negative photographicprints;
for, if such a glass plate is placed over a
sheet of sensitized paper, with the coated
side in contact with the printing paper,
and exposed in a printing frame to sun-
light, all portions of the plate not pro-
tected by the iron filings will permit the
sunlight to pass through, thus blacken-
ing the paper. Such a print will, there-
fore, contain white lights where the iron
filings are collected, and black lines in
the free spaces.

A modification of this process, which
gives much better results, and is more
easily manipulated, is carried out as fol-
lows: The grouping of iron filings is ob-
tained on the sensitized surface of a dry,
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photographic plate, placed overa magnet
in adark room; and, when a suitable dis-
tribution of iron filings has been obtained,
the plate is exposed momentarily to a
flash of light, such as obtained, for ex-
ample, by the lighting of a match, which is
then instfmtly extinguished. On remov-
ing the iron filings from the plate, and
developing it, a photographic negative
picture of the groupings will be obtained.
This picture may be employed for print-
ing, by obtaining positive photographic
prints in the usual manner, when the lines
of filings will appear as dark lines in the
print. '

Figs. 20 to 26 represent magnetic flux
paths or stream lines, obtained in this
latter manner. Fig. 20, for example, is a
representation of the flux lines obtained
in the case of the horseshoe magnet used
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in Fig. 19 to obtain a negative print. In
Fig. 20, it might appear that no flux lines
or paths exist at the extremities in front
of the poles, since this entire region ap-

F16. 20.—FLUX PATHS OF TWO ADJACENT BAR MAGNETS,

pears destitute of flux paths. This,
however, is due to the fact that on tap-
ping the glass plate the powerful attraction
of the poles for the magnetized particles
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has caused them to here slide over the
smooth surface of the glass and collect
between the poles.

It should be remembered that repre-

F16. 21.—FLUX PATHS OF TWO ADJACENT BAR MAGNETS.

sentations of groupings of filings obtained
by eitherof the above described processes
cannot be regarded as marking accurately
the exact flux paths; since, in reality,
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all portions of the space outside, as well
as inside, the magnet are occupied by the
streamings. Moreover, such figures, of
course, are unable to show that portion

F16. 22.—FLUX PATHS OF TWO ADJACENT BAR MAGNETS,

of the flux lines which occurs inside the
body of the magnet. '

Fig. 21 shows the ﬁgure.of ﬂux paths
that is produced when two bar magnets
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are laid side by side at a distance of ap-
proximately half the length of either, and
with their poles of the polarity shown.
Here, as will be seen, the south pole of

F16. 23.—FLUX PATHS. UNLIKE POLES AT RIGHT ANGLES.

one magnet is adjacent to the north pole
of the other magnet. The flux streams
passing out of the north pole of each mag-
net enter the south pole of the adjacent
magnet, the flux from one magnet merg-
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ing with that of the other. This -
merging, however, only oceurs in the im-
mediate neighborhood of the poles. In
the regions between the poles, it is evi-

Fi16. 24 —FLUX PATHS. LIKE PoLES AT RIGHT ANGLES.

dent that the flux does not so merge,
each magnet preserving an independent
circuit. In the middle of the figure, a
curiously shaped region exists, at the




MAGNETIC CIRCUITS. 77

centre of which there is a neutral point
or point devoid of magnetism.

Fig. 22 shows & field produced by the

F16..25.—FLUX PATHS OF BAR MAGNET. IRON WIRES.

same two bar magnets, placed asin Fig. 21,
but with like poles adjacent. Here the
flux is oppositely directed, and produces,
in the neighborhood of the poles, a hori-
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zontal line of such a contour as would be
formed if, in reality, liquid streamings
were directed againsteach other. In this
case there is no merging of the circuits,

F1G6. 26.—FLUX PATHS OF BAR MAGNETS. IRON WIRES AND
FILINGS. :

as shown in Fig. 21, the circuit of each
magnet being independent throughout.

The effect produced by placing opposite
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poles adjacent to each other is shown in
Fig. 23, where the north and south poles
of two bar magnets are placed at right
angles to each other at a distance apart,
about equal to the breadth of the magnet.

F16. 27.—SEMICIRCULAR BAR MAGNET FLUX PATHS.

Here the flux streamings of the two mag-
“nets merge in the neighborhood of the
poles, but, as before, are independent in
the other regions. In Fig. 24, is shown
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the eftect produced by two similar poles
of two bar magnets, placed as in Fig. 23,
except that like poles are adjacent.
Here, as before, the flux paths of each
magnet are independent. The eflect of
the conflicting streamings is to produce a
line of no motion corresponding to slack
water in a tideway.

A modification of the preceding mag-
netic figures can be obtained by employ-
ing short pieces of soft iron wire instead
of iron filings. Fig. 25 is obtained in this
way from the bar magnet shown in Fig,.
15. Similarly Fig. 26 is a representation
of the same arrangement of magnets, as is
shown in Fig. 21. Here, however, a mixt-
ure of iron filings and wire has been
employed.

Fig. 27 shows the flux paths obtained
from a semicircular bar magnet.



 MAGNETIC CIRCUITS. 81

Fig. 28 shows the field of two such
semicircular magnets with opposite pole
opposed. . '

Here also a neutral space is produced

F16. 28.—FLUx PaTHS oF Two SEMICIRCULAR BAR MAGNETS.
at the centre of the ficure, and at this
point there would be little or no direct-
ive tendency exerted upon a very small
compass needle.
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Although the general distribution of
magnetic flux is shown by the paths of
iron filings strewn in a suitably arranged
horizontal plane, near a magnet, yet the
density of the iron filings or of their
chains is not to be relied upon as indi-
cating with accuracy the density of the
magnetic flux. A magnetic field of uni-
form density has very little power to
attract and align iron filings, while an
irregular field, independently of its den-
. 8ity, has a powerful influence upon them.




CHAPTER V.,
ELECTROMAGNETISM.

Prior to the famous discovery by Oer-
sted, in 1820, of the magnetic properties of
an electric circuit in which a current of
electricity was passing, no relations had
been proved to exist between electricity
and magnetism, although, of course, such
relations had been suspected. Oersted
showed that a wire carrying a current,
when placed near a magnetic needle, pos-
sesses the same power of attracting and
repelling the needle as does an ordinary
magnet. Inother words, a conductor car-
rying an electric current sets up magnetic
flux streamings, which become endowed
with magnetic properties which they
retain during the passage of such current,
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If, for example, a copper wire A B, Fig.

-

Fi1a. 29.-—DEFLECTION OF MAGNETIC NEEDLE WHEN SUP-
PORTED BENEATH A WIRE CONVEYING AN
ELECTRIC CURRENT.

29, carrying a current in the direction
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from A to B, be held over the magnetic
needle NV S, the needle will be deflected
as indicated. In virtue of the current it
carries, the wire has evidently acquired
magnetic properties. Moreover, if the con-
ductor be placed beneath the needle, in-
stead of over it, theneedle will be deflect-
ed in the opposite direction. If in either
of these positions, the direction of the
current be reversed, the direction of the
needle’s deflection will also be reversed.

These deflections of the magneticneedle
find their explanation in the fact that the
passage of an electric current through a
conductor always produces, in the region
surrounding the conductor, a magnetic
field in which the magnetic flux take cir-
cular paths, concentric to the conducting
wire. In other words, the passage of an
electric current through a wire produces
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magnetic streamings in circular paths
around the wire. Figures of these mag-

F1G. 80.—CIRCULAR DISTRIKUTION OF FLUX PATHS AROUND
A WIRE CONVEYING AN ELECTRIC CURRENT.

netic streamings can be obtained, in the
case of a conductor carrying a current, by
passing the conductor perpendicularly
through a horizontal sheet of paper, and
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sprinkling iron filings over the surface of
the paper around the wire, while the cur-
rent is passing.

A characteristic grouping of iron filings,
80 obtained, is shown in Fig. 30, where it
will be seen that the iron filings surround
the vertical conducting wire A B, in con-
centric circular paths.

Reference has been made to the as-
sumed direction of lines of magnetic flux
in the case of ordinary bar and horseshoe
magnets; viz., that it had been agreed to
regard the flux as emerging from the
north pole of the magnet and as re-entering
it at the south pole. Since, as we have"
seen, the direction of the needle’s deflec-
tion is changed by reversing the direction
of the current, it is evident that the cir-
cular flux streamings surrounding a con-
ductor must also change with the change
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in the direction of the current through
the wire, although, as before, no visible
change takes place in the grouping of the

B
,_‘
» *\\

F16. 31.—DIRECTIVE INFLUENCE OF CIRCULAR MAGNETIC
FLUXx AROUND ACTIVE CONDUCTOR CARRYING
CURRENT TOWAR) OBSERVER.

iron filings. Since a magnetic needle
tends to come to rest in a position parallel
" to the flux lines, with theselines entering
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at its south pole and passing out at its
north pole, it is evident, that having once
assumed their direction for the case of
permanent magnets, that their direction
in relation to an electric current is there-
by fixed.

Suppose, for example, that a current
be flowing through a vertical conductor,
placed at right angles to the plane of a
sheet of paper at O, Fig. 31, toward the
observer, and that it be found that a small
magnetic needle supported at B, comes to
rest in the position shown; ¢.e., pointing
across the wire and to theleft. If now the
needle be placed successively at C, Dand
A, it will come to rest in the positions
shown.. Since the directive tendency of
the needle is caused by the passage
through it of the magnetic flux estab-
lished by the active conductor, and since
the needle points in the direction of the

4
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magnetic flux at the point where it is

placed, it is clear that the direction of the

magnetic circular flux, which surrounds

such a conductor, will be opposite to the

motion of the hands of a clock; <.e., -
counter clockwise,

If the direction of the current be re-
versed, so that the current now flows
through the wire from the observer, the
needle will still come to rest in the direc-
tion of the lines of flux, but in the op-
posite directions, so that the flux paths
here circulate clockwise around the con-
ductor. It is evident, therefore, according
to the theory here assumed, that, could
we see the ether surrounding an active
conductor, the result produced by caus-
ing a current to flow through such
conductor would be to set up circular
streamings in the ether surrounding the
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conductor, and that the only effect pro-
duced by changing the direction of the
current is to change the direction of these
streamings.

We will now inquire as to what effect
will be produced by bending an active

F16. 32.—MODEL REPRESENTING DIRECTION OF FLUX
AROUND WIRE.

_conductor ; 1. e., a conductor carrying an

electric current, into the form of a loop.
Suppose, for example, that the straight
wire represented in Fig. 32, carries a cur-
rent in the direction of the large arrow,
and that the direction of the circular flux
thereby produced, be indicated by short
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pieces of curved wire mounted upon the
conductor  as shown. Then, if this
straight conductor be bent into the form
of a conducting loop, as shown in Fig.
33, it will be evident that all the cir-

F16. 33.—MoDEL REPRESENTING DIRECTION OF FLux
THROUGH WIRE BENT IN ForM OF LoOP.

cular flux paths around the wire will be
80 directed that the flux will enter from
above and pass downward through the
loop, and moreover, that if the direction
of the current be changed, all the flux
produced will still pass through the loop,
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but now in the opposite direction. The
effect, therefore, of causing an electric
current to flow through a conducting loop
is to cause an ether stream to flow
through the loop. If the current strength
flowing thrugh the loop be increased, the
ether stream, or magnetic flux passing
through the loop will also be increased
in the same proportion; or, according to
our provisional theory, the amount of
ether streaming through the loop in a
given time will be increased.

The intensity of magnetic flux through
a conducting loop will everywhere be in-
creased by an increase in the current
strength. In the case of a straight wire
carrying a current of given strength, the
intensity of the magnetic flux will be in-
versely proportional to the distance from
the wire; <. e., the ether streamings will
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be twice as weak at twice the distance
from the wire. In the case of a loop, the
intensity will be least at the centre of the
loop, and greatest close to the wire, or at
the edges of the loop, while outside the
loop it will diminish rapidly with the dis-
tance. This intensity of magnetic flux
may be represented by the speed of the
ether streaming at the point considered,
so that, according to this view, if we
double the magnetic intensity of flux, we
double the speed at which the ether is
streaming.

The intensity of magnetic flux at a
given point, say within a loop, can be in-
creased without increasing the current
strength through the wire; for, if another
conductor be taken, of sufficient length to
form two loops of the same diameter as the
former one, and the same current strength
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be sent through these two loops, then,
sinee each loop will produce the same in-
tensity of streaming as a single loop, it is
clear, if these streamings be similarly di-
rected, that twice the amount of ether
streaming will take place through the
two loops as would through a single loop;

11000099009000999009000.

/ F16. 34.—Co1L or HELIX.

'or, in other words, the streamings due to
each loop will be added together. Conse-
quently, if a number of conducting loops
be placed side by side, so as to form the
hollow coil or helix as shown in Fig. 34,
and a current be sent through these loops,
a very powerful flux can be established
through them.

We have already alluded to the fact
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that when a bar of soft iron is introduced
into a magnetic flux, the hypothetical
molecular magnets, of which it is sup-
posed to consist, are thereby aligned, so
that they not only pour all their ether
streams in the same direction, but that
this direction is the same as that of the
flux produced by the current in the loop.
When, therefore, a bar of soft iron is
introduced into a conducting loop, two
results follow; viz,

(1) The bar of iron is magnetized in the
direction of the flux through the loop.

(2) The strength of flux passing through
the loop, instead of being weakened by
the fact of its having magnetized or
aligned the iron is, on the contrary,
strengthened, since the flux of the iron is
now aligned and is added to the flux from
" the active wire.

Such a bar of iron consfitutes what is
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called an electromagnet, this term be-
ing generally restricted to a mass of iron
which does not acquire its magnetism un-
 til the passage of the current, and which
immediately loses practically all its mag-
netism, as soon as the current ceases to
pass, in other words, to a soft iron core,
surrounded by a coil or helix of wire.

Before proceeding to discuss the prop-
erties of the helix, either when coreless
or provided with an iron core, it may be
advantageous to call attention to a com-
mon error concerning the source of mag-
netic influence in an electromagnet. It is,
perhaps, very generally assumed that this
source of activity is to be traced solely to
the energy of the electric current; in point
of fact, however, as we have just shown,
a large part of the magnetism of the
electromagnet; i. e., its magnetic flux, al- -
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ready existed in the mass of the iron of its
core. What the magnetizing current
principally does is to align or to call into
organized state the magnetic powers of
the molecular magnets. Infact, nearly all
of the magnetic flux in an electromagnet
is, under practical conditions, obtained
from the iron, and only a small portion
resides in the exciting streamings around
the wire.

A helix of active conductor; <. e., a con-
ductor carrying a current, behaves like a
bar magnet in virtue of the magnetic flux
it produces, forming, in fact, what we
have already referred to as a non-ferric
magnetic circuit. Helices, like bar mag-
nets, possess the properties of direction
and of magnetic attraction and repulsion.

For example, if the helix A B, Fig. 35,

- guitably supported at its terminals P, P
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by dipping the ends of the wire into mer-
cury cups, M, M, be arranged so as to be
free to move, then, when an electric cur-

F16. 35.—HELIX CONVEYING AN ELECTRIC CURRENT Pos-
SESSING MAGNETIC PROPERTIES.

rent of sufficient strength is sent through
it, the helix will set itself in the earth’s
flux in such a manner that its flux and
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that- of the earth will coincide or pass
through its loop in the same direction.
Moreover, if a bar magnet be approached
to it, as shown, phenomena of polar at-
traction and repulsion will be exhibited,
dependent upon the poplarity of the ap-

F1G. 36.—FLoATING HELIX CARRYING ELECTRIC CURRENT
AND DI1SPLAYING PoLAR EFFECTS.

proached magnet pole and the direction
of current in the helix. Or, the same
phenomena can be produced by means of
the simple apparatus shown in Fig.- 36,
where the helix or coil has its terminals
connected to the plates Zn and Cu, of a
small floating voltaic pile. When this
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pile is immersed in an acid liquid, as
shown, the electric current produced,
traversing the floating coil, will set up a
flux in it, and the phenomena of attrac-
tion and repulsion can be exhibited by
suitably approaching magnetic poles.

The direction of the flux paths through

FiG. 37.—RIGHT-HANDED AND LEFT-HANDED HELICES.
a helix; or, as it is sometimes called, a
solenoid, depends on two circumstances.

(1) On the direction in which the helix
is wound, whether right-handed or left-
handed.

(2) On the direction in which the cur-
rent passes through the helix.
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A right-handed heliz is a helix which is
wound clockwise. A left-handed helix is
one which is wound counter clockwise, as
shown in Fig. 37.

Various rules have beén devised in
order to determine the polarity produced .

\"_/

F1G. 38.—MNEMONIC FOR DETERMINING POLARITY OF ELEC-
TROMAGNETIC POLES.

by any helix. Perhaps, one of the most
convenient rules is represented in Fig. 38,
in which the arrows point to the direction
in which the current through the helix
must circulate in order that the pole pre-
sented to the observer shall have the
polarity iudicated. It will be seen that
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the arrows point in the direction of the
terminations of the letters N and .S, re-
spectively.

Shortly after the discovery by Oersted
of the magnetic properties of an active
conductor, Ampere proposed a theory of
magnetism in iron and steel. We have
seen in Figs. 35 and 36, that a helix of
wire, or solenoid, carrying a current, be-
haves like a magnet. This fact led Am-
pere to suppose that a magnet might be
virtually an active solenoid. He showed
that if the molecules of iron and steel
had electric currents circulating round
them, through paths of no resistance,
that no power would be required to sus-
tain these currents, and that the magnetic
effects produced by aggregations of such
molecules would be that due to aggrega-
tions of active solenoids, and, therefore,
would account for the magnetic behavior
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observed in iron and steel magnets. Since

our knowledge of molecules is as yet ex-

tremely limited, we are unable to say’
whether electric currents circulate around

them or not. The theory may therefore

be regarded as yet a hypothesis.




CHAPTER VI.
ELECTROMAGNETS.

ProBaBLY, never in the history of electric
invention, has a more useful piece of ap-
paratus been produced than the electro-
~ magnet. Fortunately this piece of appa-
ratus is extremely easy to make; for,
as we have seen, it is only necessary to
surround a core of soft iron by a conduct-
ing helix, and to send an electric current.
through the helix. If the core of iron be
soft, the current produced by even a
single voltaic cell will produce, through a
comparatively few turns of conducting
wire, fairly appreciable magnetic effects.

If, as in Fig. 18, a single voltaic cell,
consisting of plates of copper and zine
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plunged into an acid liquid, be connected,
as shown, to the few turns of insulated
wire surrounding the soft bar N S, the
current will flow in the direction indicated
by the arrows, and the direction of flux-
through the loops will be such as to
produce’ a north pole at the point marked
N, and a south pole at S.

Unless a powerful currentis employed,
the magnet shown in the figure above re-
ferred to would acquire only a compara-
tively feeble magnetic intensity. In or-
der toincrease its power, the turns might
be placed nearer together on the bar, so
that a greater number could be placed
in a single layer. Moreover, instead of
carrying the wire back again to the elec-
tric source, after forming a single layer, a
number of layers might successively be
wound on the core.
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When several layers are placed on a
magnet core, the wire is wound in closed
spires from one end of the core A, to the
opposite end B, say clockwise, and then
-another layer is superposed on the first,
returning from B, toward A, the same
clockwise direction being maintained.
When A is reached, another layer may
be put on, the winding being returned
clockwise to B, and so on, for as many
layers as is desired. The fact that the
wire is carried alternately along the bar
in different directions; namely, from A to
B, and then back again from B to
A, makes no difference in the polarity
produced by the passage of the cur-
rent through the magnetizing coils, pro-
vided only that the direction of wind-
ing be maintained throughout; namely,
in this case, clockwise, as indicated
above.
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In order to keep the coils of an electro-
magnet in place, and to prevent them from
spreading over the ends of the core, they
are generally wound on a bobbin or spool
of insulating material, as shown in Fig.

F16. 39.~CorL oF WIRE WOUND ON INSULATING SPOOL.

39, where the spool is represented both
as empty and as filled with wire. When a
soft iron core is placed in such aspool, the
passage of an electric current through the
wire causes one end of the bar to acquire
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north, and the other end south polarity, as
shown in Figs. 40 and 41. In Fig. 40, the
voltaic cell is directly connected to the

F16. 40.—ELECTROMAGNETIC EFFECT OF AN Emc:rmc CuUr-
RENT PASSING THROUGH A COIL OF WIRE.

ends of the coil, while in Fig. 41, a cur-

rent is passed through the coil from a dis-

tantdynamo. The magnetic circuit, being

aero-ferric, is partly completed through
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the iron and partly through the external
air. In order to enable the magnet to

0. .

F16. 41.—ELECTROMAGNETIC EFFECT OF AN ELECTRIC CUR-
RENT PASSING THROUGH A COIL OF WIRE.

hold a greater weight on its armature, it
is important that the length of that por-
tion of the magnetic circuit which passes
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through the air be made as small as pos-
sible. Thismay be done either by bending
a straight bar in the shape of a horseshoe,
as shown in Fig. 42, or the same result
may be accomplished by employing two
straight bar magnets, placed with their op-

N S
F16. 42.—HORSESHOE F.LECTROMAGNET.
posite poles adjacent, and with a yoke, y,
across one pair, thus only leaving one
pair of their extremities or poles, as
shown in Fig. 43.

In order properly to connect the ter-
minals of two separate magnetizing coils,
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so as to employ them in a single electro-
magnet, it is only necessary to remember
that the direction of winding in the two
spools must be that which would exist if
the two cores formed a continuous straight
bar, the wire being applied to it in a sin-
gle coil, and the core and wire subsequent-

F1G. 43.—ORDINARY FORM OF HORSESHOE ELECTROMAGNET.

ly bent in the middle. Or, the rule for
polarity, already referred to in eonnec-
tion with Fig. 38, will show which termi-
nals to connect in order to obtain the po-
larity required.

The placing of the yoke y, on the mag-
net shown in Fig. 43, provides an iron
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circuit for the magnetic flux both through
the cores of the two branches of the mag-
net and the yoke y, leaving an air gap or
space only between the two poles Nand S.

Tt is evident that the two coils instead
of being connected so that the neutral
point is at the bent portion or yoke,
which would result if the adjacent poles
had opposite polarities, may be so con-
nected as to produce a pole at the neutral
point. This ensues when thé polarity
of the approached ends is the same as
shown in Fig. 42, where each coil pro-
duces a south pole near the centre of
their common iron core, and north poles
at its extremities.

The magnet shown in Fig. 44 would
appear to possess three poles only. In
reality, it possesses four poles, the cen-
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tral pole at S being a double pole. Such
a magnet issometimes called an anomalous
magnet from the apparent anomaly of

- bt

o

F1G. 44.-—~ANOMALOUS ELECTROMAGNET.

the odd number of poles. An anomalous
permanent magnet is shown in Fig, 45.

Fig. 46 shows the contection of two
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separate spirals wound in the same di-
rection, the current entering one spiral at
A, and passing out at C, to the nextspiral
whence it emerges at B. Under these
circumstances, the application of the
rule will show that the polarity at A will
be south, and at B north. In the elec-
tromagnet shown in Fig. 42, in order

F1G6. 45,—ANOMALOUS MAGNET.

to provide a complete iron or ferrie
circuit, it is only necessary to connect
the poles Vand S, by a bar of soft iron,
generally called an armature, as shown in
Fig. 47, where the armature a, when
placed on the electromagnet, completes
the ferric circuit and enables the magnet
to sustain a large weight placed on the
platform as shown,
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In any of the magnets, shown in Figs.
42, 43 and 44, the flux passing through
the magnetic circuit, when the same
strength of eurrent is sent through the
magnetizing coils, will be far smaller when
the armature is removed from the magnet
poles, so that the magnetic circuit is aero-
ferric, than when the armature is in place,

F1a. 46.—CONNECTIONS OF ELECTROMAGNETIC COILS.
thus makingit a ferric circuit. Thisis due
to the fact that the armature, when placed
on the magnet poles, adds its own mag-
netic flux to the flux produced by the mag-
net. In other words, under the influence
of the magnetic flux of the magnet, the
molecular magnetic flux of the armature
ig aligned and co-directed, so as to pass
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through the magnetic circuit. This fact
is sometimes explained on the assump-
tion that iron possesses a much better con-
ducting power for magnetic flux than
does air; that is, its magnetic permeability
is so much greater, that the amount of lux

F1G6. 47.—HORSESHOE ELECTROMAGNET PROVIDED WITH
ARMATURE.

produced under the influence of the elec-
tric current increases. This explanation,
indeed, forms a very convenient basis for
practical applications, although it fails to
strictly represent the facts.
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The amount of flux in any non-ferric cir-
cuit, such as that of an active coil of wire
without an iron core, increases directly
with the magnetizing current. Thus, if a
coil of agiven number of turns is traversed
by a current of one ampere, the amount
of flux passing through the magnetic cir-
cuit of the coil will be doubled if the cur-
rent strength be increased totwo amperes,
and trebled, for three amperes, and so on.
Since, in the above cases, no change oc-
curs in the form of the magnetic circuit,
but only in the strength of the current

traversing it, it is evident, when the mag-
netic flux through the circuit is doubled,
that the intensity of the flux is doubled
at every point, and so on for all changes
in the current strength. In other words,
the magnetic intensity at all points of the
circuit, within or without the coil, varies
directly with the current strength,
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If the number of turns in a coil be al-
tered, the flux passing through the coil
will also be altered. If, for example, a coil
consisting of 100/) turns, wound on a cer-
tain spool, be unwound and replaced by a
coil of 2000 turns on the same spool, the
flux which will be produced in the mag-'
netic circuit of the spool with an exciting
current strength of say one ampere, will
be approximately twice as great in the sec-
ond case as in the first, In other words,
the current strength remaining the same,
the flux and intensity increase, approxi-
mately, directly as the number of turns.
A single magnetizing turn, carrying a cur-
rent of one ampere, is known, technically,
as an ampere-turn. A single turn, carry-
ing two amperes, has twice the magnetiz-
ing effect it would have if it carried one
ampere, so that, in this sense, a single
turn carrying two amperes is spoken of
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as having the eftect of two ampere-turns.
For example, in a horseshoe electromag-
net of two coils, such as shown in Fig. 43,
each spool having, say 200 turns, a cur-
rent of § ampere through the two coils
connected in series, that is, passing con-
secutively through the two coils, will pro-
duce in each the eflfect of 100 ampere-
turns, and, therefore, a total eflect on the
electromagnet of 200 ampere-turns. This
excitation, or number cf ampere-turns, is
called the magnetomotive force in the
magnetic circuit, because it is to this
force that the magnetic flux produced in
the circuit is due, just as in an electric
circuit the electric flux or current is due
to the electromotive force.

The term magnetomotive force is usual-
ly abbreviated M.M.F. The M. M. F. is
an important consideration in all electro-
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magnets. An ampere-turn is sometimes
used as the unit of magnetomotive force,
and this unit is sufficient for most
purposes of computation. However, an-
other unit- of M. M. F., named the gilbert,
is in use. The gilbert is a somewhat
smaller unit than the ampere-turn, one
gilbert being approximately 8-10ths of an
ampere-turn. If we add 25 per cent. to
the number of ampere-turns, we obtain
practically the number of gilberts; or, if
we deduct 20 per cent. from the number of
gilberts in the magnetic circuit, we prac-
tically express the M. M. F. in ampere-
turns. Thus, 100 gilberts are practically
equal to 80 ampere-turns, or 100 ampere-
turns are practically equal to 125 gilberts.

The magnetic flux produced in any cir-
cuit by applying a given M. M. F. to it,
like the effect produced in any electric
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circuit by applying an electromotive force
to it, depends on the conditions of the
circuit. Before, therefore, proceeding to
discuss the magnetic circuit in further
detail, 1t may be well first- to allude
briefly to some of the conditions exist-
ing in an electric circuit.

The law of the electric circuit known
as Ohm’s law, from its discoverer, Dr.
Ohm, may be briefly expressed as follows:

The current strength in any continuous-
current circuit is directly proportional to the
E. M. F. suppliedtothat circuit, and inverse-
ly proportional to its resistance.

Calling the unit of E. M. F., the volt, and
the unit of electric resistance, the ohm, this
being approximately the resistance offered
by one foot of No. 40 A. W. G. cop-
per wire, and calling the unit of current
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the ampere, Ohm’s law may be expressed
as follows:

The amperes in any circuit equal the volts
applied to the circuit divided by the ohms
in the circuit.

In order to apply Ohm’s law to a
magnetic circuit, it is necessary to obtain,
beside the unit of M. M. F., units repre-
senting quantities similar to magnetic re-
sistance and current. The unit of magnetic
resistance or the reluctance, as it is com-
monly called, is the oersted, and is equal
to the reluctance which is offered  to
the passage of magnetic flux by a cubic
centimetre of air measured between
parallel faces. The unit of magnetic flux
is termed the weber, and represents the
amount of flux which would pass through
a magnetic circuit in which the reluctance
was one oersted and the M. M. F. one gil-
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bert. Consequently, the law for the mag-
netic circuit can be expressed as follows:

The webers in any magnetic circuit are
equal to the gilberts divided by the oersteds.

In order to increase the magnetic flux
in any circuit it is necessary either to in-
crease the M. M. F. acting on the circuit,
or to decrease the reluctance of the cir-
cuit. When, therefore, the magnetizing
current is increased in any coil by in-
creasing the current strength supplied
through the coil, the M. M. F'. in the mag-
netic circuit is thereby increased; or,
when an armature is placed across the
poles of an electromagnet, the flux pass-
ing through the magnetic circuit is in-
creased, because the reluctance of the -
armature is much less than the reluctance
of the air path through which the flux
formerly passed. '
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There is this marked difference be-
tween the electric and the magnetic cir-
cuit; viz., in the case of the electric circuit,
the current can be entirely confined to the
conductor, usually a wire, forming the
circuit, whilein the case of the magnetic
circuit, it cannot generally be so confined,
but spreads through the surrounding air,
which, though an electric insulator, is
not a magnetic insulator. It is, therefore,
only in the case of ferric circuits, or in
aero-ferric circuits, in which the reluc-
tance of the air is small, that Ohm’s law
can be applied satisfactorily.

In an electric circuit, the resistance of 2
given wire varies with the character of its
substance, and, disregarding temperature
changes, is independent of the current
stfength passing through it. That is to
say, a given length of wire of a given
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substance, at the same temperature, will
possess a resistance of the same num-
ber of ohms, whether the current which
passes through it be one ampere or 100
amperes. In the case of the magnetic
circuit, the reluctance of mnearly all
substances except the magnetic metals;
namely, iron, steel, nickel and cobalt, is
practically the same as that of air, or of
air-pump vacuum. In the case of the mag-
netic metals, however, a marked differ-
ence exists in the reluctance offered by a
given mass. When the magnetic inten-
sity inthe mass is weak: i.e., when the flux
density is small, the reluctance of the
mass will usually be very small in com-
parison with a similar and equal volume
of air, brass, porcelain or other non-mag-
‘netic material. As the magnetic inten-
sity increases, the reluctance offered by
the same mass of iron soon rapidly in-
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creases, until when the iron is said to be
saturated, it possesses as high a reluctance
as the same volume of air. For this rea-
son, when a closed magnetic circuit, or
ferric circuit, such as that shown in Fig.
48, is provided with a magnetizing coil M,
and a gradually increasing electric cur-

¥F1G6. 48. FERRIC MAGNETIC CIRCUIT.

rent is sent through the coil, the flux
through the magnetic circuit in the iron
is at first feeble, then rapidly increases
with the current strength, and finally in-
creases very slowly after the iron has be-
come nearly saturated.

-
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Magnetic intensity, as has already been
stated, refers to the density of magnetic
flux. A large flux may not have a high
density, or high intensity, if it be spread
over a wide area. For example, the total
magnetic flux produced by the earth, con-
sidered as a large magnet, is very great.
But the area of the surface, over which
this magnetic flux is distributed, is so
great that the flux density is quite small.
In other words, the flux is distributed
over so many square miles of surface, that
the amount of flux passing through a lim-
ited area, such as a square inch, or a
square centimetre, is very small. The
unit of magnetic intensity is called the
gauss, and is the density of one weber
passing through a perpendicular area of
one square centimetre. Thus, if the value
of the magnetic flux in any instance is
equal to say 100 webers, and if this flux

-
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passes uniformly across a perpendicular
area of 50 square centimetres, then the
average density or crowding of the flux
will be two webers through each square
centimetre, or the intensity will be two
gausses. ‘

The intensity of the earth’s flux, which
aligns the compass needle, varies at dif-
ferent parts of the earth’s surface, but is
usually only a fraction of a gauss. The in-
tensity which is practically required to
saturate very soft iron is 20,000 gausses,
or 20,000 webers per square centimetre.
In cast iron about 10,000, or 11,000 gausses
are practically saturating intensities,
while in hard steel, 5000 gausses will suf-
fice for saturation. In special cases, in-
tensities in iron have been pushed, ex-
perimentally, as far as 45,000 gausses, or
far beyond the saturation limit, the iron
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practically behaving as air, at such
values.

From the preceding it will be evident
that in the case of a non-ferric magnetic
circuit, the magnetic flux or magnetic
current, and, also, the magnetic intensity
at any point in the circuit increases di-
rectly with the current strength or num-
ber of amperes supplied to the coil. When,
however, the magnetic circuit is either
. aero-ferric or ferric, the magnetic flux
through the circuit depends not only on
the current strength but on the magnetic
condition of the iron. By tabulating the
reluctance of iron at different magnetic
intensities, the magnetic flux can usual-
ly be calculated with a degree of accur-
acy sufficient for practical purposes.




CHAPTER VIL
THE ATTRACTIVE POWER OF MAGNETS.

RoueHLY speaking, the purposes for
which electromagnets are generally em-
ployed, commercially, can be arranged
under two classes ; namely,

(1) Those in which the magnets have
to attract their armatures with a certain
degree of force at a distance.

(2) Those in which the magnets have
only to sustain a powerful attraction up-
on their keepers. '

Magnets of the former class are called
attractive magnets, and those of the latter
class portative magnets.

No rule can be laid down for the num-
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ber of ampere-turns required to produce
either a given attractive or portative ef-
fect, unless all the conditions of the
magnetic circuit are known. These condi-
tions, as have been briefly mentioned in
the preceding chapter, are the M. M. F.
which is to be applied to the circuit, the
magnetic reluctance of the circuit, and the
amount and character of the attraction
required.

The amount of attraction existing be-
tween a magnet and its armature, or
between any two parts of the magnetic
circuit, depends only on the area of the
attracting- surfaces, and on the intensity
of the flux passing through them. The in-
tensity being equal, if we double the at-
tracting surface areas, or polar areas, as
they are usually called, we double the at-
tractive force. Again, other things being
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equal, if we double the magneiic flux
through the surfaces we quadruple the
attractive force. The attractive force
between two polar surfaces, therefore,
increases directly with the surfaces in-
volved, and as the square of the magnetic
intensity through these surfaces.

In order to obtain a powerful electro-
magnet, it is necessary to have as large a
polar surface as possible,and, at the same
time, to reach magnetic saturation in
these polar surfaces as nearly as possible.
In other words, it is necessary to obtain
the maximum possible magnetic flux pass-
ing through the polar surfaces. If we
merely increase the area of the polar at-
tracting surfaces, without increasing the
total quantity of magnetic flux, we nec-
essarily reduce the intensity or flux densi-
ty through the surfaces, and, probably, re-
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duce, rather than increase, the attractive
force. Every square inch of soft ironm,
practically saturated ; <. e., having an in-
tensity of say 19,000 gausses through it,
can support a perpendicular pull of,
approximately, 210 pounds, so that in
order that a horseshoe magnet may sus-
tain from its two poles a total weight
of 2100 pounds, it will be necessary to
have, at an intensity of 19,000 gausses,
in the polar surfaces, a total polar sur-
face of 10 square inches, or 5 square
inches on each pole.

Approximate magnetic saturation is,
therefore, necessary for the production of
a powerful portative electromagnet. In
the case of ferric magnetic circuits, the
reluctance of the circuit is so small that a
comparatively feeble M. M. F'. is required
to produce a powerful magnetic flux and
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intensity, Consequently, neither a great
number of turns nor a strong magnetizing
current is required to produce an approach
to saturation, so that electromagnets of
-the ferric type, which complete all of
their magnetic circuit through iron, do
not require to be very long, since a com-
paratively small number of turns suf-
fices to produce a saturating flux. Since
however, powerful attractive magnets re-
quire large polar surfaces, it follows that
such magnets should havea large cross-
section and be of short length. Or, in
other words, a short, stumpy electromag-
net, when properly designed and excited,
possesses powerful portative properties.

For an electromagnet to possess
marked attractive power at a distance, it
is, of course, necessary that the circuit of
the magnet be aero-ferric, or, that the
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magnetic flux passes through some length
of air. In such cases the reluctance of
the circuit will bg considerably greater
than in the case of the portative magnets,
and, consequently, the M. M. F. required
for powerful intensities must also be in-
creased. Such magnets are, therefore,
usually Jonger than the portative mag-
nets, in order to provide sufficient space
for the magnetizing coil, and also because
such magnets, when short, would waste
much of the flux by leakage, that is, flux
which would not pass through the arma-
ture, or body, which the magnet attracts.

A portative magnet needs a high polar
intensity more than a large polar area,
for the reason that, as already observed,
while the attraction increases with the
square of the intensity, it only increases
directly as the extent of surface area of
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the polar surfaces. This fact is- utilized
to increase the portative power of per-
manent magnets by employing soft iron

FIG 49,—COMPOUND PERMANENT MAGNET WITH CONSTANT
PoLE SURFACES.

or soft steel pole-pieces; with a cross-
section considerably less than the cross-
section of the permanent magnet itself,
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Thus, in the form of horseshoe magnet-
shown in Fig. 49, the pole-pieces, n and s,
are of soft steel, of comparatively small
cross-section, fitted by clamps to the
ends of the horseshoe, formed of strips of
hard magnetized steel. The intensity in
-these permanently magnetized steel strips,
probably does not exceed 2000 gausses,
but by crowding the flux into these soft
iron pole-pieces, on its passage into and
out of the armature, the intensity in the
polar surfaces may be increased to, per-
haps 16,000 gausses, or eight times as much
as in the magnet strips, and the intensity
of the attractive force per square inch of
polar surfaceis, therefore, 8 x 8, or 64 times
_as great as it would be if the poles were
not so armed. For a similar reason, the
compound-bar magnets, shown in Fig. 4,
are armed with masses of soft iron having
a diminished cross-section at their poles.
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In a magnetic circuit the resistance to
the passage of the magnetic flux increases
directly with the length of the circuit
and inversely as its area of cross-section.
Consequently, in designing the dimen-
sions of the core and yoke of a magnet,
the same area of cross-section should,
when possible, be maintained through-
out; since, otherwise, the iron in the
narrowed cross-section would be magnet-
ically saturated much sooner than in
the balance of the ecircuit, and would
thus render saturation more difficult to
be reached at the needed points; namely,
in the polar faces.

Care must be taken that constriction
gshould take place in a magnetic circuit,
only at the polar faces, since, as has
been explained above, the reluctance of-
fered by a given volume of air at ordinary
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flux densities is much greater than that
of iron. Where yoke pieces are used for
connecting two branches of an electro-
magnet, it is necessary that the joints, or
contactsurfaces, be fitted together as truly
as possible, so as to ensure an intimate
contact between the two portions of iron
and thus reduce the reluctance at these
points. A well-fitted joint, between soft
iron masses, offers the same amount of re-
luctance as would a film of air approxi-
mately 1-1000th of an inch in thickness.

When a core of soft iron is employed
for an electromagnet, it can, as we have
seen, both lose and gain its magnetism
with great rapidity. A very large core,
say two feet in diameter, such as exists
in the electromagnets employed in some
large dynamos, requires an appreciable
time for the full development of the mag-
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netic flux near its centre, although the
superficial portions will acquire their
magnetic condition almost instantan-
eously. Thus, four minutes might be
required for the development of the
full magnetic intensity within, say two
per cent. of its maximum, at the centre of
a two-foot core, and the rapidity "with
which the core thus completely. gains or
_loses its magnetism varies inversely as the
square of the diameter of the core.

Iron wire, of about one-tenth of an inch
in diameter, will acquire and lose its
magnetism in approximately y4v%55 of
second. Insome forms of electromagnets,
as in the case of some telegraphic instru-
ments, which are capable oftransmitting
300 words per minute, the magnetism has
to be reversed 150 times per second.
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The rapidity with which any magnetic
circuit loses its magnetism;, on the cessa-
tion of the magnetizing current, varies
markedly with the character of the mag-
netic circuit. In a non-ferric circuit, as,
for example, that produced by the coil of

F16. 50. —NoN-FERRIC MAGNETIC CIRCUIT.

wire shown in Fig. 50, the magnetic flux
instantly appears and disappears with the
appearance and disappearance of the cur-
rent in the coil. In an aero-ferric circuit,
however, as is shown in Fig. 51, where
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the magnetic flux completes its circuit
through a considerable air-gap, the bar
neither immediately acquires its magnet-
ism on the establishment of the current,
nor immediately loses it on its cessation,

F16. 51.—AERO-FERRIC MAGNETIC CIRCUIT.

but tends to retain a small quantity of
what is called residual magnetism, after
the current has entirely ceased.

In the ferric circuit, as shown in Fig. 52,
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where the entire path of the flux pro-
duced by the magnetizing coil is complet-
ed through the iron, the core tends to
retain a large percentage of its magnet-
ism for an indefinitely great period after

F1a. 52.—FERRIC MAGNETIC CIRCUIT.
the cessation of the magnetizing current,
but if the core werearranged in two halves
with tightly-fittingjoints, so that therelue-
tance of the air-gaps might be disregarded,
it would be found that although the two
halves of the ring would as the result of
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this residual magnetism tend to adhere,
yet, as soon as a separation was made, -
the ring would instantly lose, practically,
all its magnetism. This is the reason for
providing permanent horseshoe magnets
with keepers, the effect of which is to
reduce the reluctance in the magnetic
circuit between the poles, and thereby
reduce the demagnetizing tendency of the
poles upon the molecular structure of the
steel. In other words, there exists a-
greater tendency for the demagnetization
of a permanent magnet, when. its keeper
is removed from it, than when its keeper
is in contact with its poles. Consequent-
ly, blows received by the magnet while
its keeper is removed, will be more likely
to effect its demagnetization than when
the keeper is on.

The effect of rapidly pulling the keeper
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from the poles of a magnet is to strength-
en its magnetism, owing to the fact that
this movement of the keeper sets up
little local or eddy currents of electricity,
in the pole-pieces, in such a direction as
tends to strengthen the magnetism.
Since the putting on of the armature of
a magnet sets up currents in the pole-
pieces in a direction tending to weaken
the magnetism, it is advisable to put the
keeper on slowly, so as to decrease the
strength of such currents. The keeper
may be detached as suddenly as may be
desired.

Dangerous explosions sometimes occur
in flour mills, from the ignition of clouds
of flour dust, by a spark produced by the
friction of the mill stone against a piece
of iron wire, a nail, a screw, or a bit of
hoop iron, accidentally introduced with
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the wheat. Considerable loss, both of
life and property, has occurred from this
cause, a cloud of flour dust possessing
highly explosive properties. In order to
avoid this danger, various applications
of magnets have been employed. Fig. 53

F16. 53.—CoMPOUND PERMANENT MAGNET EMPLOYED FOR
THE REMOVAL OF IRON PARTICLES FROM WHEAT.

shows an arrangement of permanent
magnets for the purpose. The wheat,
prior to its introduction into the mill, is
caused to fall in front of the magnets, and
in this way any stray bits of iron, or of
iron ore, are effectually removed.
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That finely divided inflammable ma-
terial should possess explosive properties,
is readily explained by the fact that ex-
plosive combustion simply means ex-
tremely rapid union of the combustible
with the oxygen of the air. The divided
condition of the material permits rapid
combination from all sides. Even such
ordinarily slightly combustible materials
as iron are readily burned in the flame of
an ordinary gas-light if the cohesion be
overcome by filing.



CHAPTER VIII.

SOME PRACTICAL APPLICATIONS OF ELECTEO-
MAGNETS.

EveN a casual examination will show
the extent to which the different practi-
cal applications of electricity are depend-
ent for their operation on the existence -
and use of electromagnets. Without
this valuable piece of mechanism, nearly
all the practical applications of electrie-
ity would be impossible. For example,
telegraphy and telephony are based ab-
solutely on the attraction of an armature
by an electromagnet. Electric bells, an-
nunciators, and electromagnetic signal-
ing apparatus are equally dependent on
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" the operations of this important device.
All dynamo machines are electromagnets,
in which the armature revolves. Conse-
quently, without the application of elec-
tromagnets, such machines could have
no existence. The electric motor, con-
‘sisting as it does of a dynamo in reversed
action,is equally dependent upon electro-
magnetism. Without the electromag-
net, the alternating-current transformer
would disappear, and, although the in-
candescent lamp would remain, yet at the
present time it would be impossible to
supply the current it requires, even with
the use of storage cells, which could not
exist without the use of dynamo genera-
tors. Arc lamps, employing, as they do,
electromagnets in their feeding mechan-
ism, would be similarly debarred.

Since without the electromagnet, there
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would be little of practical value left in
electricity, it will be of interest rapidly
to review some of the many uses of the
electromagnet in different branches of
electro-technics, calling attention, at the

F16. 54 —TELEGRAPH SOUNDER.
same time, to some of the peculiarities
needed in their construction in order to
meet the requirements of each particular
case. ‘
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Fig. 54 represents a form of sounder
employed in telegraphy. Here the
message 18 received as a series of sounds
produced by the striking of a lever
against two metallic stops, the move-
ments of the lever being obtained by the
attractions of the armature A, of the
electromagnet M M.

The electromagnet generally employed
in a telegraphic sounder, like that shown
in the figure, consists of two straight ver-
tical cores of soft iron connected together
at their lower ends by a yoke or cross-piece
of soft iron. The coils are wound on
hard rubber spools, incased in hard
rubber shells, so as to protect them from
injury. The length and size of the wire
employed are such that the resistance of
the two coils in series varies from one
ohm to six ohms according to circum-
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stances. The twoends of the wire wound
on the coil are connected to the binding
posts b, b,, by which the exciting current
enters and leaves the instrument. On
the passage of the current through the
magnetizing coils, the M. M. F. of the
coils produpeé a magnetic flux through the
magnetic circuit of the apparatus ; name-
ly, through the two cores and their con-
necting yoke, the armature and the air-
gaps, or spaces between the armature
and the poles, and produces an attrac-
tion between the poles and armature,
Other things being equal, the greater the
distance between the armature and poles,
the feebler the attraction between them.
On the other hand, if the armature be
brought so close to the poles as to come
into contact with them, the amount of
residual magnetic flux left in the magnet-
ic circuit, after the cessation of the mag-
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netizing current, may be so considerable
as to cause the armature either to cling to
the poles, or to leave them sluggishly.
For this reason the poles are often pro-
tected from contact with the armature
by a small wedge, or projection, of non-
magnetic material. The adjusting screws
s, 8, s, limit the play of the armature, the
distance between the armature and the
poles, and the tension of the spring G,
which opposes the magnetic attraction.

When a telegraphic sounderis situated
at a considerable distance from the send-
ing station, the currents received by it
are too weak to energize its coils with
sufficient intensity to make the sound
clearly audible. In order to obviate this
difficulty, the sounder, instead of being
placed directly in the circuit, is replaced
by an instrument called a telegraphic relay.
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Such an instrument is shown in Fig. 55.
The telegraphic relay, by the movement
of its armature, acts to open and close the
circuit of a local battery through the
- coils of a telegraphic sounder. Since the
amount of power required to open and
close the local circuit is very small, com-
pared with that necessary to operate the
telegraphic sounder, a comparatively fee-
ble current is sufficient to properly op-
erate the relay. The amount of current
required to operate a sounder.is about ith
ampere, while that required to operate a
telegraphicrelay, powerfully, is only about
#sth ampere, while it may be adjusted -
to work under favorable conditions, with
s}sth ampere.

Fig. 55 shows a form of telegraphic re-
lay in extensive use. The magnet M, M,
attracts the armature and causes the
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lever connected with the armature to os-
cillate between the stops 7;, 7., in obedi-
ence to the changes in the current taking
place in the relay coils. The magnetcon-
sists of two straight bars, or cylinders, of

F16. 55.—TELEGRAPHIC RELAY.
soft iron, connected by a yoke of soft iron
at the back. The armature of soft iron
is supported on a contact lever pivoted on
the screw pivots P, P. This contact lever
closes the local circuit of the sounder
through the pivots P, P, and the metallic
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stop of the screw T,, a small spiral of thin
wire W, assisting in maintaining good
metallic connection between the base of
the pivots and the moving armature. The
ends of the local circuit are connected
with binding posts [, /,, The magnet
coils M, M, are wound with fine wire so as
to develop the necessary M. M. F. from
the feeble line currents, and are protect-
ed by being encased in hard rubber shells,
or cylinders. The magnet can be moved
forward and backward, for purposes of
adjustment, in a vertical frame under the
action of the screw S. The tension of
the opposing spring, attached to the arma-
ture, can be varied by a rapid motion
clamp . R, and a slow motion screw C.
The ends of the magnet coils are connect-
ed to two terminals, one of which only is
seen in the figure at a. The resistance of
‘such a relay is usually about 150 ohms,



158 MAGNETISM,

Fig. 56 represents the parts of an ordi-
nary Bell telephone. Here the com-
pound, permanent magnet G, is provided
at one extremity with a magnetizing coil
L, which is connected to the line circuit
through the terminals 7, T, by the wires

F16. 56.—PARTS OF AN ORDINARY BELL TELEPHONE.

shown. Immediately facing the end of

the permanent magnet is a diaphragm D,

of ferro-type iron, which affords a thin
elastic plate or diaphragm of soft iron,
serving as the armature of the magnet.
When an electric current is sent through
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the coil L,the M. M. F. in the magnetic cir-
cuit is varied, being either increased or
decreased, according to the direction of
the current. The magnetic flux through
the iron core, the air and the diaphragm is, .
therefore, varied. On an increase in this
flux, the attraction between the diaphragm
and the magnet is increased, and on a de-
crease, the attraction between the dia-
phragm and magnet is diminished, the
elasticity of the plate causing it to move
away from the magnet. When a rapid
geries of electric currents passes through
the coil of the receiving instrument, the
attraction upon the diaphragm is rapidly
varied, and the diaphragm vibrates under
the influence of the varying attractionand
agitates the air in its vicinity, thus per-
mitting the transmission of speech.

Fig. 57 shows a form of electromagnetic
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bell, in which the bell B, is struck by the
repeated blows of the hammer under the
attraction of the armature A, by the elec-
tromagnet M, M. Here the electromag-

-

F16. 57.—ELECTROMAGNETIC BELL.
net consists of two soft iron cores, or
cylinders, screwed directly into the cast-
iron frame of the box, which thus serves
as a yoke to connect them. The enas of
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the. coils M, M, are brought to the binding
posts p,, p,., "When the current passes
through the apparatus it enters the bind-
ing post p,, passes to the armature A,
through its spring support, thence by the
small spring s, to a contact screwc, to the
magnets M, M, and the binding post p,.
As soon as the M. M. F. of the magnet
coils is sufficient to produce a flux. through
the armature, capable of attracting it
- against the tension of its spring support,
the hammer moves forward to strike the
bell and breaks the circuit, by the spring s,
moving away from the point of the con-
tact screw ¢. The flux in the magnetic
circuit then disappears and the tension of
the spring support causes the armature
and hammer to return to their original
positions, again completing the circuit.
There is thus set up a rapid automatie
vibration, or to-and-fro motion of the ar-
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mature, so that the bell continues to ring,
as long as the circuit is closed at the push
button from which the bell is operated.

F16. 58.—ELECTROMAGNETIC ANNUNCIATOR.
Fig. 58 shows a form of electromagnetic
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annunciator. In this apparatus a number
of electromagnets have their circuits con-
nected with various rooms or other sta-
tions, provided with push buttons. Each
push button is connected with its own
electromagnet. Each electromagnet is
so arranged that on the closing of its cir-
cuit, by the pushing of its particular but-
ton, its armature is attracted and allows
a disc to fall under the action of gravita-
tion, thus indicating the number of the
circuit, or push button, from which the
signal was sent. Such apparatus is used
in connecting the rooms of a hotel with a
central office, to enable the guests to com-
municate with the office. 'The electro-
magnets of annunciators are of the ordi-
nary double-coil type, connected by a yoke
of soft iron. Various methods are adopt-
ed so that the attraction of the armature
shall result in the display of a signal, the
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circuit connections being such that the at-
tention of the attendant at the annunci-
ator board is called to the falling of the
drop by the ringing of a bell.

An ingenious application of the move-
ments of a small electromagnetic motor

F16. 59.—EDI1soN'S ELECTRIC PEN AND DUPLICATING PRESS.
is to be found in the case of the electric
pen illustrated in Fig. 59. Here the to-
and-fro metions of a bar connected to a
small motor are utilized for the perforation
of a sheet of paper, by a rapidly moving
needle. The matler to be duplicated is
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either written or printed as perforations
in a stencil sheet of paper, which is after-
ward employed in the usual manner,
with an inking roller, for manifolding or
duplicating.

. An electromagnet forms an essential
feature in all arc-lamp mechanism. Most
arc lamps contain at least two electro-
magnets; namely, one for the separation
of the carbons, and another for the feeding
mechanism. In addition, most lamps that
are employed in series circuits, use a third
electromagnet for the purpose of auto-
matically cutting a lamp out of the cir-
cuit and providing a by-path by which the
current can flow past the faulty lamp to
the others in the circuit. Fig. 60 shows
the interior. mechanism of a form of are
lamp in which the arc is maintained be-
tween the carbons C, C. The magnets M,



166 MAGNETISM,

F16. 60.—ARC-LAMP MECHANISM,
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M, wound with coarse wire, placed di-
rectly in the circuit of the carbons, are
employed as the lifting magnets. -The
magnets m, m, wound with fine wire, are
placed in a shunt circuit around the lamp
terminals. These magnets are employed
to attract the same armature A, but in
opposite directions, and by their joint
action maintain a constant distance be-
tween the carbons.

Nearly all our readers are familiar with
the method of electric gas lighting, where
the pressing of one button turns the gas
on and lights it, and the pressing of
another button turns the gas off and ex-
tinguishes it. A form of mechanism
- employed for this purpose is shown in
Fig. 61. It consists, as shown, of two
distinct electromagnets M and m, the
armatures of which act on a valve, in the
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interior stem, through which the gas is
supplied to the burner at the top. When
the magnet M M, is excited by the pas-

F16. 61.—ELECTRIC GAS LIGHTING AND EXTINGUISHING
MECHANISM.

sage of a current through the coils,
and the contact of the platinum-tipped
wire p, with the projection on the ring r,
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the armature A, is lifted against gravita-
tional force and strikes the lower end g,
of the wire p, thus raising the wire and
causing it to break contact with the pro-
jection ». This causes the current through
the coils to cease and the armature to fall
back until contact is again made at »,
thus acting as an automatic make-and-break
device, not unlike that in an electric bell.
During the impulses, the ratchet c,is moved
forward by the projection on the armature
A, until the gas is fully turned on, and at
every interruption of the circuit, when the
wire p, escapes from the ring r, a spark
produced by a spark coil included in the
circuit passes between them, thus igniting
the gas which is at that time escaping
from the burner. When the magnet m,
is excited, its armature lifts without any
interrupting mechanism, and acting on
the ratchet cam ¢, turns the valve and cuts
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off the gas. The magnets in this case con-
sist of short, soft iron cylinders screwed
directly with iron screws to an iron plate
F, F, which serves as a common yoke
for both.

F16. 62.—ELECTRIC DOOR-OPENER.
Electromagnets have been employed
for opening doors from a distance, thus
permitting the services of an attendant to
be dispensed with. By the closing of a
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circuit, on the pushing of a button, the
-armature of an electromagnet is attracted,
and the door is
allowed toopen.
The method of
operation of
this may be fol-
lowed by an ex-
amination of
Fig. 62.
The use of an
electromagnet
in a self-wind-
ing clock is rep-
resented in
Fig. 63. Here
the electromag-
net at the base Fre. 63.—SELF-WINDING CLOCK.
of the clockwork receives a brief electric
current, say every fifteen minutes, and at-
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tracts its armature which is so perforated
that a fairly long motion of the armature
is obtainable, The armature is so con-
nected with the spring of the clock that it
slowly winds it, to compensate for the
unwinding that has taken place in the
preceding fifteen minutes.

A novel use for an electromagnet is
seen in a form of lightning arrester shown
in Fig. 64. It not infrequently happens,
during the progress of a thunderstorm,
that a spark, due to a discharge from the
lines supplied by a central station, estab-
lishes an arc between the line and the
ground in the apparatus at the station.
This arc practically short circuits the
generator, and, if not promptly extin-
guished, is apt seriously to injure the ap-
paratus. In theform of mechanism shown
in the figure, the arc is caused to be set up
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between the twometallic plates P, P, placed
in the field of flux of the magnet, excited
by the current which will flow when the
arc is established. The effect of a power-

F1G6. 64.—ELECTROMAGNETIC LIGHTNING ARRESTER.
ful magnetic flux upon a voltaic arcis to

push it aside or violently distort it. The
electromagnet, therefore, acts as an ex-
tinguisher of the electric arc, and, in the
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relative positions occupied by the mag-
nets and the point where the arc forms;
namely, at the narrow gap between the
plates, the arc is repelled upward to the
wider portion of the gap where it is finally
extinguished.

F16. 65.—ELECTROMAGNETIC LIGHTNING ARRESTER.

Another form of electromagnetic light-
ning arrester is shown in Fig. 65. A spark
gap is placed between the carbon points
at d, so that if a powerful discharge from
the line should enter the station, it will
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jump to ground through this spark gap.
If the dynamos connected with the lines
should cause a powerful arc to follow this
discharge, the current must pass through
the electromagnet m, which, by the at-
traction of its armature, lifts the bar into
the dotted position, thereby breaking the
arc at both a and b.

Perhaps the most important use of the
electromagnet is.found in the dynamo
electric machine. This apparatus con-
gigts essentially of powerful field mag-
nets, whose purpose is to produce the
magnetic flux with which the conducting
loops on the armature are successively
emptied and filled, during ‘its revolution.
By the filling and emptying of this flux,
E. M. Fs. are set up in the loops, by
means of which either alternating or con-
tinuous currents are delivered at the
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terminals of the generator, to the circuit
with which it is connected. ’

A form of generator is shown in Fig. 66,
called a quadripolar or four-pole generator,
such as is frequently used in a central

station for supplying currents to electric
railway systems. Here the magnets are
shown at M, M, M, and the armature be-
tween their poles at A. In this form of
machine, the alternating or reversed cur-
rents, generated in the armature during
its rotation, are caused, by means of the
commutator ¢, ¢, to flow in one direction
into the external circuit. The cores of
the electromagnets in this case are mass-
es of cast iron forming part of the entire
cast-iron frame F F, which acts as the com-
mon yoke of all four cores. The alternate
poles of these magnets are of opposite po-
larity. The currents required to excite
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F16. 66.—QUADRIPOLAR BELT-DRIVEN RAILWAY GENERA-
TOR. :

’
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these large magnets are obtained from the
rotating armature. When the machine is
at rest there will be no current in the
armature. In order to bring the machine
into operation, it is necessary to rely upon
the residual magnetism of the field mag-
nets for the developing of theinitial cur-
rent in the armature, which in its turn will
aid in restoring the field magnets to their
full intensity.

The power which must be exerted upon
a dynamo armature, through its driving
belt on the pulley P, is expended against
the magnetic attraction of the current in
the armature for the four powerful mag-
netic poles in the field. The amount of
flux, which a large dynamo will produce,
may be very considerable. Thus each of
the four poles here represented may read-
ily carry a flux of 2,000,000 webers.
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An equally important application of the
- electromagnet is found in the electromagy-
netic motor, which is itself a dynamo ma-

F1G. 67.—BLECTROMAGNETIC MOTOR.

chinein reversed operation. The machine
represented in Fig. 67 has a capacity of
about 10 horse-power. The electric mo-
tor, like the dynamo, consists essentially
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of a magnet, or collection of magnets, the
function of which is to produce a power-
ful magnetic flux., The armature carry-
ing an electric current is situated in this
flux. Under these circumstances, the
tendency will be for the conducting loops
on the armature to revolve and deliver
power from the pulley P,to a belt. Here
the magnet coils m, m, receive their ex-
citing current from the source of electric
pressure to which the motoris connected,
and the armature A, situated between the
poles, receives the flux which the M. M. F.
of the field magnets creates.

An ingeniousapplication has been made
of the ability possessed by an electro-
magnet to attract to it particles of iron
ores, in various forms of electromagnetic
ore concentrators, the design of which isto
concentrate granular ores of iron that are
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admixed with so large a quantity of other
material, as to render their smelting, in
the untreated state, unprofitable. Such
apparatus consists essentially of powerful
electromagnets, so arrange_d that a stream
of the pulverized ore is permitted to fall
" before their poles. Under these circum-
stances, the particles of ore, while falling,
are sufficiently deflected from the verti-
cal, in their downward path, by the action
of the magnet, to permit them to fall
into a compartment provided for them,
while the non-magnetic residue falls
vertically in a separate heap.

The different types of electromagnets
that have been described in the preceding.
paragraphs, possess different attractive
power on masses of magnetizable material
brought near their poles. When the
mass of iron in the magnet is sufficiently

’
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great, and the magnetizing current em-
ployed sufficiently powerful, remarkable
strengths of magnetic attraction can be
obtained. An illustration of this will
be found in the powerful magnet which
has been formed at the United States
Torpedo Station, at Willett’s Point,
New York Harbor, by winding a six-
teen-foot gun weighing fifty thou-
sand pounds, with magnetizing coils of
wire of about ten miles in length. This
length of wire produced 5250 turns, so
that when the current of 21 amperes was
employed as the magnetizing current, the
M. M. F. obtained was over 110,000 am-
pere-turns. As might be expected, such
a magnet produced marked magnetic dis-
turbances at fairly great distances from
the gun, and powerful magnetic attraction
in the neighborhood. For example, at a
distance of over 70 feet from the gun, the
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intensity of flux producedin the air was
equal to that of the earth’s magnetism.
At a distance of about 250 feet from the

F16. 68.—GUN ELECTROMAGNET, U. 8. TORPEDO STATION,
WILLETT'S POINT, LONG ISLAND SOUND.

gun, the fluxis so feeble that it is difficult
to detect. Fig. 68 shows the general ap-
pearance presented by the gun magnet,



184 MAGNETISM.

which is represented as sustaining five
large cannon balls, weighing 230 pounds
each.

" We have heretofore referred to the fact

F1a. 60.—GUN ELECTROMAGNET. ATTRACTION OF IRON
THROUGH BODY OF SOLDIER.

that magnetic flux can pass through
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most substances with the same facility
that it does through air, or air-pump
vacuum. A striking illustration of this is

F16. 70.—POWERFUL FORCE OF GUN ELECTROMAGNTT.

seen in Fig. 69, where a man, standing in
front of one of the poles of the Willett’s
Point gun-magnet, does not prevent the
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flux from passing through his hody, as is
evident by the fact that heavy spikes of
iron are readily supported at different
parts of his body in opposition to gravita-
tion. To a person so standing in front
of the gun, no physiological effects are
experienced by the passage of the flux
through his body.

Some idea of the ferce with which the
armature is held to the gun-magnet
can be gained by an inspection of Iig. 70,
where a number of men are represented
as pulling at a rope and tackle, in an en-
deavor to separate the armature from the
magnet pole-pieces.

While the total magnetic effects pro-
duced by this large electromagnet are of
a striking character, yet it must be borne
in mind that many of these effects arise
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from the size of the magnet, and the
scale upon which the magnetic flux is
produced, and not so much from the in-
tensity.of the magnetic flux per square
inch of polar surface; for, it is doubtful
whether the magnetic intensity in the
metal of such a gun having so extended
an aero-ferric circuit can be made as great
as that within the substance of an or-
dinary ferric electromagnet powerfully
excited. Consequently, it is doubtful
whether in this case the attractive force
per square inch of the polar surface ex-
ceeds 200 pounds’ weight.

It was at one time asserted that some
persons possessed the power of perceiving
magnetic flux. It was claimed for these
persons that when an electromagnet,
situated in a perfectly dark room, was
suddenly excited, they could, by watch-
ing the magnet closely, perceive a lumi-
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nous appearance emanating from the
magnet. More recent experiments have,
however, thrown doubt on these state-
ments, and at the present time, magnetic
flux is incapable of being directly recog-
nized by any of our senses.




CHAPTER IX.
MISCELLANEOUS MAGNETIC PHENOMENA,

Or all known substances, none possess
such powerful magnetic properties as
iron. The magnetic metals, ordinarily
so-called, include iron and steel, nickel
and cobalt. Beside these there are many
other substances which possess mag-
netic properties, though in a less marked
degree. Indeed, the experiments of
Faraday, and others, have shown that
the property of magnetism is possessed,
although in a very feeble degree, by near-
ly all substances. Alluding to these in-
vestigations of Faraday, it may be said
that this early experimenter found, when
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the substances were made in the form of
slender needles and so suspended be-
tween the poles of a powerful electromag-
net as to be able to move in a horizontal
plane, that when the magnetizing current
was turned on, and the flux passed be-
tween the magnet poles, nearly every sub-
stance experimented on came to rest, un-
der the influence of the ether streamings,
either like iron, with its greatest lengthin
the direction of the streamings, or like bis-
muth, with its least dimensions in the
direction of the streamings, that is, with
its length at right angles to the stream-
ings.

Faraday, consequently, divided all
“bodies, magnetically, into two classes;
namely, paramagnetic substances, or
those which behave like iron, and point
axially in the magnetic flux, and diamag-
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netic substances, or those which behave
lil-e bismuth, or point equatorially, that
is, come to rest at richt angles to the flux.
Faraday’s views found general acceptance
until more careful observations led most
investigators to discredit them. Accord-
ing to the views of those who followed
Faraday, diamagnetism was supposed to
be a force distinet and separate in itself,
the diamagnetic rods or bars being re-
garded as possessing a distinet polarity
termed diamagnetic polarity which caused
them to point at right angles to the di-
rection in which a paramagnetic body
would point.

According to the more modern view,
the existence of diamagnetism, as a
distinct entity, is discredited. When a
slender needle of bismuth is suspended
in a powerful magnetic flux, and comes
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to rest equatorially, or in a position at
right angles to the flux, the action is

N

" D\ ~
]
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¢« Fi16. 71.—DIAMAGNETIC SUBSTANCE BETWEEN MAGNET
PoLES.

not to be regarded as being due to any
repulsive property, or peculiar polarity,

FENN— |
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possessed by the bismuth, but rather
to the fact that the magnetic conductivity
of the ether in the bismuth is less
than the magnetic conductivity of the
ether in the air surrounding the bis-
muth. Consequently, the ether stream-
ings will continue to act on the bar
until it assumes a position in which it
offers the least resistance to their pas-
sage in the space between the poles, and
this position will obtain when the bar is
ab right angles to, or presents its least di-
mensions in the direction of the flux paths
as shown in Fig. 71. When the experi-
ment is made in atmospheric air, which
is generally the case, it is quite possible
that oxygen, which possesses distinct
magnetic properties like those of iron,
assists in the displacement.

This explanation of the phenomens,
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formerly attributed to diamagnetism, but
now recognized as being only the ordinary
phenomena of magnetism, has only been
reached through the efficient and laborious
investigations of many able scientists.
This case affords an excellent illustration
of the fact that in a scientific inquiry, a
danger exists of fixing the attention entire-
ly on the phenomena produced under
given conditions, and losing sight of the
fact that the causes of these phenomena
may not be found in the particular regions
where they apparently wholly manifest
themselves, but are rather to be sought
in the surrounding region where their
manifestation is seemingly absent.

Fig. 72 shows a convenient form of
electromagnet suitable among other pur-
poses for making experiments on diamag-
netism and paramagnetism. It consists,
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F16. 72.—FORM OF ELECTROMAGNET SUITABLE FOR EXPERI-
MENTS ON DIAMAGNETISM,
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as shown, of two powerful magnetizing
coils placed on cores connected at their
lower extremities by a yoke of soft iron.

The poles of the magnet are furnished
with massive pole-pieces of soft iron, pro-
vided with smaller projections, so arranged
that the distance between them can be
readily adjusted. The smaller pole-pieces
can be removed and replaced by others of
different shapes. Under these circum-
stances, it is evident that an extremely
intense magnetic flux can be made to
pass between the conical extremities of the
adjustable pole-pieces. For investigating
the para- or diamagnetic behavior of solids
the apparatus is employed as follows: A
suitable stand is placed so that a needle-
shaped mass of the substance is suspended
directly between the poles as shown in
Figs. 71 and 73. If the bar experimented
on be of a paramagnetic substance, like
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iron, it will, under the influence of the
magnetic flux, come to restin the position

b

i
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Fia. 73.—PARAMAGNETIC SUBSTANCE BETWEEN MAGNET
POLES. '

" shown in Fig. 73. That is, it will point
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axially, but if it be of bismuth or of other
diamagnetic substance, it will come to
rest equatorially as shown in Fig. 71.

Diamagnetic and paramagnetic proper-
ties are possessed not only by solid sub-
stances, but also by liquids and gases.
When liquids are experimented upon, they

Fio. 74.—MovABLE PoLE-PIECES EMPLOYED IN TESTS ON
POLAR BEHAVIOR OF LI1QUIDS.

are placed in suitable capsules or watch-
glasses. In the latter case, the movable
projecting pole-pieces are replaced by pole-
pieces shaped so as to properly support
the watch-glass or other vessel holding
the liquid. Figs. 74 and 75 show, in gen-
eral, the shape of the movable pole-
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pieces and the arrangement of the appara-
tus when the substances to be experiment-
ed on are in the liquid form. Here, as will
be seen, the liquid is placed in a shallow
glass vessel, shaped like a watch crystal.
If the liquid under examination be para-

2N
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F16. 75.—BEHAVIOR OF PARAMAGNETIO AND DIAMAGNETIC
LiQuiD IN POWERFUL MAGNETIC FLUID.

magnetic, such, for example, as solutions
of iron or cobalt, then on the passage of
the flux between the poles, the column of
liquid will undergo curious distortions,
elongating between the poles, or tending
to place the greatest mass of its sub-
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stancein the direction of the flux. On the
contrary, if the solution be diamagnetic,
it will elongate in the opposite direc-
tion, the shapes in each case being
represented in Fig. 75, at A and B, re-
spectively.

Another way of experimenting with

" para- and diamagnetic liquids, consists in
placing them in thin tubes of glass, and in
supporting the tubes like needles between
the poles. It is to be observed that the
effect produced is dependent both on the
effect produced by the glass itself and
its liquid contents. Far this reason the
glass tubes are made as thin as possible.
When tubes containing the liquids are
8o suspended in the flux, they will, when
filled with diamagnetic solutions, tend
to set themselves axially in the direction
of the flux, and, when filled with dia-
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magnetic solutions, at right angles to
the flux. T

Gases also possess marked diamagnetic
and paramagnetic properties. If astream
of gas be permitted to flow between the
poles of a powerful electromagnet, it will
be sensibly deflected on the passage of
the flux. Most gases are invisible, but
these effects can be rendered evident by
mixing a small quantity of some visible
vapor with the gas, such as smoke, or
iodine vapor. Under these circumstances,
the streams of gas tend to set themselves
as would the needles before referred to,
paramagnetic gases endeavoring to align
themselves axially, and diamagnetic gases
equatorially.

The effect of magnetic flux on a
stream of gas, such as that produced in a
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candle flame, is very striking. If, as
shown in Fig. 76, a candle flame be placed
between the poles of an electromagnet,
on the passage of the flux, a marked
repulsion occurs. Here, as will be seen,
the issuing gas jet is placed at right
angles to the flame, or is diamagnetic.

T

F1G. 76.- CANDLE FLAME INTRODUCED INTO POWERFUL MAG-
NETIC KFLUID.

If the field is strong, the displacement
is powerful enough to extinguish the
candle. '

The phenomena of paramagnetism and
diamagnetism are by no means at variance
with the working theory of magnetism
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which we have provisionally adopted in
this book. Take, for example, the case
of a paramagnetic gas, like oxygen, en-
closed in a needle-shaped tube. .No mat-
ter in what position the tube may be
placed, prior to the passage of the flux,
as soon as the flux passes through the tube,
owing possibly to the peculiarity in the
shape of the oxygen molecules, an align-
ment tends to occur in the molecular
magnets, the ether streams possessing
the power of taking hold of and moving
them into line. The entire tube, therefore,
becomes a magnet like the iron bar, al-
though very much feebler.

In the case of a tube filled with a dia-
magnetic substance, the ether streams
are powerless to produce any molecular
alignment, since the molecules do not
possess the requisite structure. The
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molecules, therefore, instead of facilitat-
ing the passage of the ether through them,
tend rather to displace or resist the ether,
so that equilibrium will exist only when
the tube is in a position which offers the
least resistance to the passage of the ether
stream between the poles, that is to say,
when its least dimensions are at right an-
gles to the stream, as when it assumes
the equatorial position.

The following list gives, in the order of
their paramagnetic properties, the names
of some of the commoner magnetic met-
als; namely, iron, nickel, cobalt, man-
ganese, platinum, cerium, osmium and
palladium.

The following list gives in a similar or-
der the names of the principal diamagnet-
ic substances; namely, bismuth,antimony,
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zine, tin, mercury, lead, silver, copper,
gold and arsenic.

Although manganese has been men-
tioned as a paramagnetic substance, fourth
in order of power, and although iron and
steel are the most powerful paramagnetic
substances known, yet an alloy of man-
ganese, carbon and iron, known as man-
ganese steel, containing about 12 per cent.
of manganese, is almost completely in-
capable of being magnetized.

Temperature exerts a marked effect on
the magnetic qualities of substances.
For example, iron, the most powerfully
magnetic metal, loses all traces of mag-
netic properties, and cannot be magnet-
ized at adull red heat. It again becomes
magnetizable on cooling.

An alloy of steel and nickel, containing
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about 25 per cent. of nickel, has been
found to be almost non-magnetic in its
ordinary condition, but if heated to 600°
C., it becomes magnetizable on cooling,
unless cooled to about 4° C,, when it again
becomes almost non-magnetic unless re-
heated.

We have alluded on page 27 to what is
called the magnetic retentivity ofiron; name-
ly, that property in the molecular struct-
ure of iron whereby the magnetic con-
dition tends to persist after the cessation
of the magnetizing force which produced
it. This effect, although very pronounced
in iron and steel, can, nevertheless, be
rendered appreciable in a great variety of
substances, such, for example, as glass,
quartz, sulphur, celluloid, etc. These ef-
fects can be observed by suspending g
sphere of the material to be experimented
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on by a thin silk thread in a powerful
magnetic flux and deflecting the sphere
through an angle about the thread, while
under the magnetic influence. The
sphere will not return to its original posi-
tion, but will assume a distinct deviation
in the direction toward which it was
moved, thus indicating the existence of a
polarized condition in its mass. Asthese
effects are always very feeble, it is not
yet certain whether they are due to re-
tentivity in the materials, or whether they
may not be due to the presence of ac-
cidental impurities of iron or its salts.

The marked difference presented in the
behavior of hardened steel and soft iron is
due, as already mentioned, to a difference
in the readiness with which the molecular
magnets are aligned. In soft iron they
are both readily brought into alignment
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and readily dislodged ; while in hardened
steel they resist both tendencies. When
a bar of iron is subjected to cyclic changes
in magnetization, as, for example, when its
magnetism is periodically reversed, the
‘magnetization of the bar does not instan-
taneously follow the magnetizing forces
which produce it, but lags behind them.
‘Thus, if the bar has been magnetized by
the application of a directing magnetic
flux, and this latter is reversed, the mag-
‘netization of the bar is not reversed at
the same time that the magnetizing flux.
is reversed, so that the magnetizing flux
may be negative while the magnetism in
the bar may still remain positive. This
phenomenon is assumed to be due to the
grouping of the magnetic molecules which
resist breaking up, and also to the hard-
ness of the material undergoing magnet-
ization. The phenomenon is called mag-
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netic hysteresis, from the Greek verb, I
lag behind.”

Owing to the existence of hysteresis,
work is expended in the bar both in mag-
netizing and in demagnetizing it. If a
non-ferric magnetic circuit, such, for ex-
ample, as the coil of wire represented in
Fig. 41, has its magnetism rapidly re-
versed, the magnetic flux will develop,
disappear and reverse without appreciable
loss of energy from the magnetizing coil.
In other words, air does not possess ap-
preciable magnetic hysteresis, or does
not waste energy in its magnetization and
demagnetization; but, if the same process
of magnetic reversals be carried on in a
ferric magnetic circuit, such as a ring of
iron, or even in an aero-ferric circuit, the
alternate magnetizations, and demagneti-
zations, of theiron are attended by a small
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loss of energy in the iron during each
cycle. This energy is taken from the
circuit of the magnetizing coil and ap-
pears in the iron as heat; so that the elec-
" trical circuit loses energy in the form of
electrical energy at each reversal of mag-
netization, and the iron becomes heated.

To amovice in magnetic science one of
the most curious experiments in magnet-
ism is the following: A heavy copper disc
is so mounted on a horizontal axis be-
tween the poles of a powerful electromag-
net, as shown in Fig. 77, as to be capable
of easy rotation about its axis. The rota-
tion of the disc is started when the mag-
netizing current is not passing, and little
resistance is offered to its acquiring a
high velocity. If now, while rapidly ro-
tating, the current is suddenly turned
on, the space between the poles, through
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which the magnetic flux is passing, will
apparently acquire a retarding power on
the disc not unlike that which would be
produced by the presence of a very viscous

F16. 7.—CoPPER D18c ROTATED IN A POWERFUL MAGNETIO
FLux.

liquid, such as molasses. The same ef-
fect will be observed if a strip of copper
be moved through a magnetic field. When
the copper disc is fairly thick and the
field very intense, a powerful resistance
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is oﬁ'eréd to its motion, and, if the disc be

moved against this resistance, it will be-
come heated just as if it had actually
- overcome a frictional resistance. The
explanation of this phenomenon is not
so simple as it might seem at first
sight. The cause of the resistance is not
to be found in the direct frictional re-
sistance of the ether streams, but to
the production of eddy currents, or cur-
rents of electricity, set up in little whirls
throughout the substance of the disec.
. The presence of these eddy currents
serves to produce local electromagnetic
action in the disc¢, as though it were
wound with a coil of wire and a cur-
rent circulated therein. Electromagnetic
forces set up between these eddy currents
and the magnetic flux which produces
them, causes the retarding effect ob-
served.
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The ability of eddy currents to produce
retarding motion in a disc rotating in a

F16.78. ~RECORDING WATTMETER WITH MAGNETIC BRAKE.

magnetic field, has received a number of
practical applications in the arts. One of
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the most noted of these is to be found in
the form of recording wattmeter shown
in Fig. 78. A horizontal disc of copper C
revolves about a vertical axis in the flux
produced by three magnets M,, M,, and M,.
Each magnet sets up eddy currents, both
at the part of the disc which is entering
and at the part where it is emerging from
its field. Consequently, six of such ed-
dies are produced in the mass of the ro-
tating dise. The influence of these eddies
is to produce magnetic retarding forces,
whose intensity depends upon the rapid-
ity with which the disc is rotating. The
dise, therefore, forms a magnetic brake,
without the friction produced by contact
of material substances.

The recording wattmeter represented
on page 213, is designed for measuring and
recording the electric energy delivered
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through the particular conducting circuit
with which the apparatus is connected.
It congists essentially of a magnetic
motor, rotated by the current passing
through the instrument. The number of
turns made by the axis being recorded on
the dial, forms a basis for determining the
quantity of energy delivered, the retard-
ing disc being necessary in order to pre-
vent an unduly high speed being attained.

There remains to be described a pecu-
liar action which magnetism exerts on a
ray of light while passing through a pow-
erful magnetic field. As shown in Fig.
79, two co-axial, powerful magnetizing
coils, M and N, are wound on hollow cyl-
inders of soft iron with their poles facing
each other, the iron framework of the
apparatus serving as a yoke to connect
their distant poles. When a piece of
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heavy flint glass is placed between the
poles as shown, a ray of light caused to
pass through the hollow cores and the
glass from the object glass /, to the eye-
piece a, undergoes no change in its prop-

F16. 79.—APPARATUS FOR PRODUCING MAGNETIC ROTATORY
POLARIZATION OF LIGHT.

erties, provided the magnetizing current
is cut off and no flux is passing through
the glass. On the completion of the cir-
cuit, and the passage of the flux, the light
which passes through the glass undergoes

P
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an alteration known as rotary polarization.
That is to say, the plane in which vibra-
tions of the ether occur, which constitute
light, is rotated as the light advances
through the magnetized glass. This effect
is most powerfully observed in heavy flint
glass, but exists also in a great variety of
transparent substances to a greater or
less degree.

- The property of rotary polarization; i. e.,
of rotating the plane of polarization of
light, is not confined to magnetized trans-
parent substances. Many transparent
substances possess this property in their
ordinary condition, while in others it is
called forth only under the action of mag-
netism. All substances, however, which
possess this property can be divided into
two sharply marked classes; namely,
those which possess right-handed rotary
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polarization, or the ability to deflect the
plane of polarization to the right, and
those which possess ' left-handed rotary
polarization, or the ability to deflect the
plane of polarization to the left. But the
curious fact exists, that bodies which
acquire this property under the influence
of the magnetic field, can be made to de-
flect the plane of polarization either to
the right or to the left according to the
direction of the magnetic flux. In the
majority of cases, when the flux is passed
through the substance in a certain direc-
tion, a rotation takes place, say right-
handed, and when the direction of the flux
is reversed the rotation becomes left-
handed, as it would appear to an ob-
server who does not change his position.
A few substances, however, form an ex-
ception to this rule, since in them the
passage of flux in the direction named
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produces left-handed instead of right- |
handed polarization. '

Referring to the theory of magnetism
provisionally adopted in this book; name-
ly, that it is due to a streaming motion of
the ether, rather than to a vortex or whirl-

ing motion in the ether, it might be
assumed, as has been done by some, that
the phenomena described in the preced-
ing paragraphs; namely, of magneto-optic
rotation, would establish the claim of the
vortex or whirling theory of magnetism,
since such whirls might reasenably be ex-
pected to produce in matter a rotary
stress, capable of deflecting the plane of
the ether vibrations constituting light, but
the fact of the exceptions above alluded
to, and also of the fact that mechanical
stresses are capable of producing a similar
rotation of the polarization plane, calls
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into question the alleged superior claims
of the vortical theory of magnetism over
the theory of ether streamings,

When an ordinary time-piece, such as a
watch, is brought into a powerful mag-
netic field, the magnetization of the steel
it contains in its mechanism will produce
magnetic disturbances, which Will_prob-'
ably stop its motion entirely; and, when
removed from the field, the magnetism it
will permanently retain may considerably
alter its rate. A very small changein the
rate of vibration of the balance wheel of
a watch, say to the extent of {; of one per
cent., will produce an error in one day
amounting to 8644 seconds.

The cause of the change in the rate of a
magnetized watch lies in the fact that at
least two of its parts become magnetized;
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namely, the large, steel main spring and
the small hair-spring. If the hair-spring,
or the main spring, only were magnet-
ized, it would have very little influence
upon the rate of the watch, but the mag-
netized hair-spring acts like a small com-
pass needle, in the presence of a bar
magnet, and tends to oscillate either more
rapidly or more slowly, according to the
position in which its poles lie, with re-
spect to the poles of the main s pring.

‘When a watch has once had its rate af-
fected by permanent magnetism, there are
two ways in which this injury can be rem-
edied; namely, either to demagnetize the
watch, or to replace the hair-spring by an
unmagnetized spring. The demagnetiza-
tion of the watch can be effected by ex-
posing the entire watch to a rapidly alter-
nating magnetic flur, that is, a magnetic
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flux, the direction of which is rapidly re-
versing. The watch is exposed to the full
influence of the field and then gradually
withdrawn from its influence so as to be’
exposed to a gradually decreasing inten-
sity of magnetization and demagnetization.
The effect produced by this treatment
is to alternately magnetize all the parts in
a definite direction; so that by rapidly ex-

" posing the parts to successive magnet-

izations and demagnetizations, on the
gradual withdrawal of the watch from the
field, the successive magnetizations be-
come weaker and weaker, until, whenthe
watch is finally completely withdrawn
from the magnetic flux, there is no sensi-
ble magnetization left in it.

A similar method of demagnetization
of watches, which is apt to be less effect-
ive, consists in the employment of a con-



MISCELLANEOUS PHENOMENA. 223

tinuous flux, such as the flux in the neigh-
borhood of the poles of a dynamo machine,
the reversals in the magnetization of the
watch being obtained by a spinning or
rotation of the watch while exposed to
magnetic flux.and the gradual withdrawal
of the same while this rotation is contin-
ued.

A few decades ago, magnetic fields of
sufficient intensity to seriously effect the
rate of a watch were very rare. At pres-
ent, however, the rapid introduction of
apparatus employing powerful magnetic
fields renders such injury far more com-
mon. A necessity, therefore, exists to
protect watches from this source of injury.
Various methods have been introduced
with this end in view. They are, how-
ever, of two general classes; namely,
those in which magnetic watch shields are
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employed, and those in which the hair-
spring is made of some non-magnetic alloy.

The first of the above-named methods
consists essentially in placing the watch
inside an iron case or shell, provided for
carrying in the pocket. When a watch,
so protected, is brought into a magnetic
field, the iron shield will protect the
watch inside it by conducting practically
all the magnetic flux through its mass,
and thus preventing .any appreciable
portion from passing through the watch.
If, however, the field be powerful, the
protective influence of the shield will be
insufficient, and the watch may become
seriously injured. Such shields will or-
dinarily protect a watch outside a radius
of three or four feet from a dynamo.

The other method for the protection of
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a watch from accidental exposure to mag-
netic flux, requires that the hair-spring be
"made of non-magnetic material. But in
order to prevent a change in the rate of
the watch it is necessary that these ma-
terials shall not be liable to oxidation,
shall possess the requisite elasticity, and
~ shall not have their elasticity seriously
affected by changes of temperature. The
obtaining of such an alloy has been a
very serious problem for watchmakers,
since the elasticity of steel is so mar-
velous that millions of vibrations are
executed by a hair-spring without any
evidence of fatigue, and no pure non-mag-
. netic metal possesses elasticity in so emi-
nent a degree. A number of alloys have
been produced, but the most successful
have been either alloys of palladium or of
nickel. .
Watches possessing a -hair-spring of
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a non-magnetizable alloy, can be carried
with impunity into the strongest magnetic
fields. The main spring which has yet to
be made of steel, becomes, indeed, mag-
netized, but such magnetization is not
found to exert any appreciable influence
upon the rate of vibration of the non-
magnetic hair-spring, and, consequently,
on the rate of the watch. Experiments
made with watches so protected have
shown that when such a watch is placed
in a very powerful magnetic flux the hair-
spring is momentarily accelerated, owing
to the development in its spires of eddy
currents of the same general character as
those produced in the case already re-
ferred to, of the copper disc between the
poles of a magnet, but as soon as the
watch is removed from such flux it re-
gains its original rate.

Electromagnets are almost invariably
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excited by continuous currents. It is
possible, however, to obtain some very
curious effects of electromagnetic attrac-
tions and repulsions by sending alternat-
ing currents through the exciting coils.
In such cases, the cores of the magnets
are still made of soft iron, but instead of
forming one continuous mass, it is neces-
sary that they be thoroughly divided or
laminated, so as to avoid the formation of
eddy currents by the rapidly alternating
magnetic flux. In such cases, the lami-
nations are made at right angles to the con-
. ducting loops. Consequently, a suitable
core, for an alternating-current magnet,
can be readily obtained by wrapping the
magnetizing coils or spirals around bun-
dles of soft iron wire. Although the mag-
netic polarity produced in such magnets
alternates with the changeinthe direction
of the current, yet, under certain circum-
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stances, effects both of attraction and
repulsion can be obtained.

An ordinary continuous-current elec-
tromagnet does not possess the power of
directing or repelling other than the mag-
netic metals, but in the case of the alter-
nating-current magnet, both the magnetic
and the non-magnetic metals are capable
of presenting such phenomena. For ex-
ample, discs of copver can readily be
made to manifest strong attractions and
repulsions when brought between the
poles of a powerful alternating-current
magnet, The causes of these attractions .
and repulsions can be traced to the for-
mation of eddy currents in the metal
masses brought into the flux,



CHAPTER X.
PHENOMENA OF THE EARTH’S MAGNETISM.

ProBaBLY one of the most important
generalizations made in the history of
magnetism was that which resulted from
a series of simultaneous magnetic observa-
tions, undertaken in 1836, at the sugges-
tion of Humboldt. These observations
were made simultaneously, at points on
the earth’s surface widely distant from
one another, and extending from the Arc-
tic to the Antarctic Circles. As a result,
the remarkable fact was ascertained that
not only were many of the marked varia-
tions, which, as we now know, occur in
the strength of the earth’s magnetism,
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but also some of the minor variations,
occurred simultaneously. The only ap-
parent explanation for this phenomenon
is to regard the earth as a huge mag-
net, so that if the magnetization varied in
any portion of its substance it would
necessarily produce a variation in its
flux, which would affect the distribution
throughout its entire mass and not be
confined to any particular locality.

It is now generally conceded by scien-
tiic men that the phenomena of the
earth’s magnetism can best be studied by
regarding the entire earth as a huge mag-
net, with its south magnetic pole situated
near Baffin’s Bay, at about latitude 70°N,
The popular belief that the magnetic
needle unerringly points to the north geo-
graphical pole, over all parts of the
Northern Hemisphere, is far from being

—_—— oD
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correct, although, for considerable por-
tions of the earth, the needle generally
points to the earth’s geographical north,
yet in some districts, the deviations from
the north pole of the earth, or, as it is
called, the magnetic declination, may be so
great that the needle may point due east,
due west, or even due south. Ihdeed, the
number of places on the earth’s surface,
where the north pole of the needle points
accurately to the geographical north, are
comparatively few and may be readily
arranged on two lines known as agones,
or lines of no declination of the needle.
The declination is said to be east or west
according as the needle points east or
west of the geographical north. The
declination is measured in degrees east
or west, or minus and plus; thus, in a lo-
cality which has a magnetic declination
of 30 degrees east, the magnetic needle at
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that locality comes to rest with its north
end pointing 30 degrees eastward of the
true north.

In order best to study the variations in
the magnetic needle at different parts of
the earth’s surface, a map or chart, called
a declination chart, may be employed, on
which are traced lines connecting all
places on the earth’s surface that have
the same value of the declination. Such
lines are called ¢sogonal lines, or lines of
equal magnetic declination, and are
marked on such maps in degrees east or
west of the true North. The lines of no
declination are called agones or agonic
lines, and are here indicated by a zero.
Such a declination chart is shown in
Fig. 80.

An inspection of this isbgonal chart for
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the United States, will show that the
agone, or line of no declination, marked
0°, passes through South Carolina, Ohio
and Michigan, so that places on this line

e e

F1G. 80.<I80GONIC OHART OF THE UNITED STATES FOR THE
YEAR 1890.

had the needle pointing truly north and
south in 1890. Places east of this line
have westerly declination, as indicated by
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4+, and all west of this line, easterly
declination, as indicated by —.

Fig. 81 shows a similar isogonic chart
of the United States calculated for ten
years later, or for A. D. 1900. It will be

&

F16. 81.—Is0GONIC CHART OF THE UNITED STATES FOR THE
YEAR 1900,

observed that the agone has traveled west-
ward about half a degree. A study of
the chart will show the amount of varia-
tion that has occurred in the other line.
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When amagnetic needleis sosuspended
as to be free to move in a vertical, as well
as in a horizontal, plane, as shown in Fig.

F1c. 82.—D1rPING NEEDLE.

82, it will, as in the case of an ordinary
needle, come to rest in the direction of
the magnetic flux at that point of the
earth, but, except in a very few parts of
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the earth, it will no longer remain in a hor-
izontal position, but will incline or dip
toward the earth. This departure of the
needle is called the inclination or dip of the -
needle. Inorder to prevent the dip from
occurring in an ordinary compass needle,
which is only intended to move ina hor-
izontal plane, the needle is purposely
balanced, not at its centre of gravity, but
at a sufficient distance from this point to
remain horizontal despite the force tend-
ing to make one end incline.

The phenomena of the dipping of the
magnetic needle, or of the earth’s magnet-
ic inclination, is best studied by reference
to a magnetic chart called an inclination
chart. Such a chart consists essential-
ly of lines connecting all places on the
earth’s surface whose magnetic inclination
possesses the same value. Such lines are
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called soclinal lines, and, as shown in Fig,
83, extended irregularly east and west.
It will be seen that in 1885, the dip of the
needle on the northern shore of Lake Su-

Fie. 83.—IS0CLINIO MAP OF THE UNITED STATES FOR THE
YEAR1 885.

perior was 78°, while at the southern ex-
tremity of Florida it was 55°. In the
Northern Hemisphere, it is the north
magnetic pole of the needle which dips,
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and in the Southern Hemisphere, the
south magnetic pole. A line connecting
points on the earth’s surface possessing
no dip or inclination is called the magnetic

Fi1g. 84.— D1prPING NEEDLE.
equuator, or aclinic line, and lies not far
from the geographical equator.
In order to measure the angle of mag-
netic inclination at any place an instru-
ment called a dip circle is employed.
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Such an instrument is shown at Fig. &4.
It consists of a magnetic needle M, sus-
pended so as to be free to move in a
horizontal plane, and provided with two
graduated circles; namely, a vertical cir-
cle C, and a horizontal circle H. The
instrument is provided with levelling
screws at L, s0 as to ensure horizontality,
In order to ascertain the angle of dip at
any place, the vertical circle is moved over
the horizontal circle until its plane lies
in the plane of the magnetic meridian,
and the angle of dip is then read from the
vertical circle, being measured between
the horizontal line and the extremity of
the needle.

Recalling the statement made in a
previous chapter that a magnetic needle
comes to rest when placed in any flux,
when its flux coincides in direction with
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that of the flux in which it is placed, it
will be seen that the phenomena of the in-
clination of the magnetic needle are mere-
ly an exemplification of this principle.
Could we see the magnetic flux of the
earth issue from a region in the vicinity of
its south geographical pole, and, after
passing through the air surrounding the
earth, re-entering at the south magnetic
pole in the Northern Hemisphere, we
should see these lines were nowhere gen-
erally parallel to a water surface; . e.,
nowhere horizontal, except in the neigh-
borhood of the magnetic equator. The
inclination of the needle over other parts
of the earth arises simply from the ten-
dency of the needle to set itself in the di-
rection of the earth’sflux. Consequently,
over the earth’s magnetic poles the in-
clination of the needle would be 90°, or the
needle would point vertically downward.
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Beside the direction of the earth’s
magnetic flux at any point on the earth’s
surface, which is defined by the dip and
declination, thatis to say, by the inclina-
tion and declination of the needle, the in-
tensity of the magnetic flux requires to be
separately considered. Since all the flux
may be either conceived as leaving the
earth’s north magnetic pole in the South-
ern Hemisphere, whence it spreads over
and re-enters at the earth’s south pole,
inthe Northern Hemisphere, it is evident
that the intensity of the earth’s flux must
be greatest in the neighborhood of the
poles and weakest near the equator, in
general increasing with increasing lati-
tude. Its directive tendency, however,
on a compass needle, is greatest at the
equator for the reason that although the
total force is weakest in this region, yet,
acting entirely in the horizontal plane, its
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effect on the compass needle is compara-
tively great, while at the magnetic poles,
where the force is strongest, the effect on
a magnetic compass needle disappears.

Various methods may be adopted to

e

F16. 85.—MAGNETOMETER.
measure the intensity of the earth’s mag-
netic flux in any locality, though all
consist in comparing the earth’s local in-
tensity with that produced by a standard
magnet at a given distance, or by a stand-
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ard electric current. A form of appara-
tus called a magnetometer, employed for
this purpose, is shown in Fig. 85, consist-
ing of a magnetic needle, suspended at
the centre of the apparatus by a bundle
of silk threads, so as to be free to swing in
a horizontal plane. The standard bar
magnet M, is supported at a definite dis-
tance from the swinging magnet on the
horizontal bar B, B, and a deviation pro-
duced by this magnet on the swinging
magnet is observed through the eye-
piece e. .

A map or chart, connecting places on
the earth’s surface possessing the same
magnetic intensity, is called an ¢sodynamic
chart, the lines of equal intensity being
called isodynamic lines.

The three characteristics of the earth’s



244 MAGNETISM,

magnetism; namely, the declination, in-
clination and intensity, are called the ele-
ments of the earth’s magnetism. One of
the most valuable discoveries ih the phe-
nomena of the earth’s magnetism, made at
an early date in the history of the science,
was the fact that none of these elements
possessed fixed values, but are constantly
changing. . In order to ascertain the char-
acter and extent of such changes, build-
ings called magnetic observatories have
been established, provided with instru-
ments capable of continuously measuring
and recording such changes. Magnetic
observatories are carefully built so as to
be as free as possible from local magnetic
disturbances. For this reason, no mag-
netic materials are employed in their con-
struction. The records made by the in-
struments are continuously recorded by
suitable photographic means. A very
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great number of such magnetic observa-
tories are now in existence, and, by means
of the continuously recording instru-
ments, the various phenomena concerning
changes that occur in the earth’s magnet-
ism are receiving careful study.

F1a. 86.—PHOTOGRAPHIC RECORD FROM RECORDING DECLINA-
TION MAGNETOGRAPH, AT A MAGNETIC OBSERVATORY SHOW-
ING DISTURBANCE PRODUCED BY ELECTRICAL RAILWAY IN
THE NEIGHBORHOOD.

Figs. 86 and 87 are taken from the pho-
tographic records of a magnetic observa-
tory. Fig. 86 represents the horizontal
force curve taken on twoconsecutivedays.
The straight line in each case is the zero
or reference line representing a fixed value
of magnetic intensity, and the wavy line
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is the photographic trace of the position
of a beam of light reflected from a mirror
attached to the recording magnet. The
curve commences on the right hand at 9
P. M. and progresses toward the left until
9P. M., the day following, at the left-hand
end of the line. The main wavesor irreg-

F1G. 87.—PHOTOGRAPHIC RECORD FROM RECORDING D1p Mag-
NETOGRAPH AT A MAGNETIC OBSERVATORY, SHOWING DIs
TURBANCE PRODUCED BY ELECTRICAL RAILWAY IN THE
NEIGHBORHOOD,

ularities are variations in the earth’s in-
tensity on the day considered, while the
smaller and more rapid fluctuations are
due to the magnetic influence of electro-
magnetic motors on a street railway about
a quarter of a mile from the observatory.
It will be observed that the disturbances



EARTH'S MAGNETISM. 247

from the street cars stop at 1 A. M. with
the last car, and recommence shortly
before 6 A. M. when the cars begin run-
ning.

* Fig. 87 is similar to Fig. 86, except that
it is a photographic record of the dip in-
stead of the declination. The street car
disturbance is still more clearly indicated
in this figure.

The variations in the elements of the
earth’s magnetism can be arranged under
four distinct heads; namely, first, diurnal
variations, or those which take place at
different hours of the day; second, annual
variations, or those which occur at differ-
ent times of the year; third, secular varia-
tions or those which occur at considerable
intervals of time; fourth, irregular varia-
tions or those attending so-called mag-
petic storms, '
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All three elements of the earth’s mag-
netism simultaneously undergo varia-
tions. The most important of the three
variations is, however, that of the declina-
tion, since such variations immediately
affect the direction of the compass needle
and, consequently, all the purposes for
which the directive tendency of the com-
pass needle is employed; as, for example,
in steering a vessel across the ocean, or
surveys made by the aid of the needle
onland. Thediurnal variation of the mag-
netic needle is as follows: in the morn-
ing, between eight and nine o’clock, the
north pole of the needle moves slowly to
the west. This movement continues un-
til shortly after noon, when it is reversed,
slowly returning eastward until about ten
o’clock at night, when a smaller oscilla-
tion occurs in the opposite direction. The
cause of these motions, although not defi-
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nitely known, is ascribed to the influence
of the sun’s heat upon the air. The total
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range of daily variation in declination is



250 MAGNETISM.

very small, amounting only to ith of one
degree. The annual variations of the
needle are quite small,and, like the diurnal
variations, correspond to the distribution
of the solar heat throughout the different
seasons of the year.

Fig. 88 shows the diurnal variation of
-that portion of the earth’s magnetic inten-
sity which acts in a vertical direction, or,
as it is usually called, the vertical com-
ponent, at four different localitiesin North
America—Los Angeles, Toronto, Wash-
ington, D. C., and Philadelphia. Here, it
will be observed, that the greatest varia-
tion occurs at each place near noon, the
time of variation, and also the amount of
variation, being different at the different
localities.

Fig. 89 represents the average diurnal
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variation of the horizontal component in
the earth’s magnetic intensity at one lo-
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cality, Los Angeles, at different times of
the year, compiled from observations dur-
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ing the years 1883-1888 inclusive. In the
curves for the vernal and autumnal quar-
ters there is only one marked maximum
and minimum, while for the summer and
winterquarters, there are twowell-marked
maxima and minima. It has been sug-
gested that these diurnal magnetic varia-
tions, differing for different places, and
for different seasons at the same place,
are due to local influences depending on
the solar rays.

The secular variations of the needle are
slow variations which apparently repeat
themselves in periods of about 320 years.
Too little is yet known about them to
hazard any general statements.

It may be mentioned, as an example of
secular magnetic variations, that in Lon-
don, EngIand, observations made cn -the
needle as early as 1580, showed that the
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declination was 11° 30’ East. In 1657, the -
declination was zero, the needle pointing ‘
due north and south. In1816, the needle
had attained its maximum westerly dec-
lination, amounting to 24° 30’. It then
returned toward zero and is expected in
1976 to again point due north and south.

Beside these regular variations of the
magnetic needle there are others which
occur with apparent irregularity, accom-
panying the development of any unusual
electrical discharges in the air, suclt as
are effected by the aurora. That a relation
exists between the occurrence of sunspots
and variations in all the elements of the
earth’s magnetism is proved by the gen-
eral coincidence between the two sets of
plienomena. If, for example, a curve be
plotted of sunspot activity at differ-
ent times, and also of the magnetic ac-
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tivity, or of magnetic storms, it will be
found that the two curves present unmis-

F16. 90.--CURVE SHOWING CONNECTION BETWEEN SUNSPOTS
. AND TERRESTRIAL MAGNETIC DISTURBANCES

takable evidence of agreement in their
general features.
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Such a set of curves is shown in Fig.
90. These comprise observations taken
between the years 1873 and 1888. The
first line represents the area of the sun
covered by facul®, or cloudy areas; the
" gsecond, the area covered by whole spots,
including both nuclei and faculse, while
the third gives the area of the nuclei,.
or black areas, only. The fourth, fifth
and sixth curves show the range of
magnetic disturbance from the mean or
average instrumental records. Itisevident
from the figure, that the period of solar
activity and of magnetic disturbance is
completed in about eleven years.

Fig. 91 shows a form of appearance in
the heavens presented during the prev-
alence of the aurora borealis. This phe-
nomenon is now generally believed to be
due to discharges of electricity in the
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upper regions of the air. The presence of
these dischargesis very frequently attend-
ed by the existence of marked electrical

‘F1G. 91.—AURORA BOREALIS.
currentsin the earth, called earth currents,
which cause considerable disturbances
on telegraphic lines due to the passage
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through them of electric currents. What-
ever may be the explanation, the times
when these phenomena occur are coinci-
dent with marked magnetic disturbances.

The mariner’s compass consists of anap-
paratus for suspending a magnetic needle
on board a ship, in such a manner that-its
directive tendency shall beleast interfered
with by themotions of the vessel. Inorder
to accomplish this, the compass is sus-
pended on what are called gimbals. In
~ the apparatusshown in Fig. 92, these con-
sist of two metallic rings AB, and CD,
pivoted on two horizontal axes at right
angles, in the manner shown. Sights are
provided at Gand H. The ball of the com-
pass is wide, so that the centre of gravity
of the apparatus is well below the axis.
The magnetic needle is fixed to the lower
surface of a card called the compass card
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which bears upon its face 32 points, called
the cardinal points of the compass. It
used to be an invariable custom to steer
vessels by reference to the points of the
compass, the course of the vessel being
counted as north, north by east, north

Fi1a. 2.—MARINER'S COMPASS.

north east, north east by north, north
east, etc., according to the particu-
lar point toward which the vessel was
sailing. In modern navigation, however,
the course is frequently expresged in
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degrees, so that North East would be N.
45° East., ete.

To the popular mind, the steering of a
ship by means of a compass, is, apparent-
ly, an easy task;for, in the absence of the
heavenly bodies, it is apparently easy to
determine the exact course the vessel is
taking by reference to the compass needle.
In the olden times, when ships carried
little or no iron with them, provided the
local variations of the compass were
known, laying out a course by dead
reckoning was indeed a simple proec-
ess. Since the introduction of iron
vessels, and the massive iron machinery
they employ, the local deviation of the
needle caused by the magnetism of the
ship is so great as to render the plotting
of a course by the mere variations of the
needle very fallacious. This difficulty
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is enhanced not only by the fact that
all masses of soft iron change their po-
larity on crossing the magnetic equator,
but especially by the fact that the value
of the deviation, caused by the local at-
traction of the ship, undergoes marked
variations in intensity, according to the
direction in which the vessel is sail-
ing. When the magnetic axis of the ship
coincides with the magnetic meridian,
the local variation is a minimum, but
when they are at right angles, such varia-
tion is a maximum, and when, in addition
to this, there are required to be taken
into account the local declination of the
needle, the problem becomes exceedingly
intricate.

The errors in the direction of the ship’s
compass needle, owing to magnetism of -
the ship, are capable of being classed as
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follows; namely, thesemi-circular error,
the quadrantal error, and the heeling er-
ror.
(1) The semi-circular error, or that due
to the permanent magnetism of the ship’s
"iron considered as a steel bar magnet.
‘This is called the semi-circular error
because it produces easterly deviation
throughout one half circle, and westerly
deviation when the ship’s head points
anywhere 1n the remaining half circle.
(2) The quadrantal error, or thatdue to
the induced magnetizations of the ship’s
iron considered as a bar of soft iron under
the influence of the earth’s magnetism.
As we have seen, the ship’s magnetism "
not only undergoes variation of intensity,
but even changes its direction when the
ship crosses the magnetic equator. It is
‘called the quadrantal error because it is
easterly in two quadrants, or quarter cir-

.
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cles, and westerly in the remaining alter-
nate quadrants.

(3) The heeling error, or that due to
the induced and permanent magnetism
of the ship in'a vertical plane, and which
produces no influence upon the needle
until the ship heels over, as under a press
of canvas.

Compensation for local deviation of
the ship’s compass by these errors, is
usually obtained both by the use of
permanent magnets placed near the com-
pass, so as to exert upon it an influence
approximately equal and opposite to that
of the ship’s iron, and also by the use of
masses of softiron so placed in the neigh-
borhood of the compass that their in-
duced magnetism under the earth’s flux
shall be approximately equal and oppo-
gite in its effects upon the compasstothat
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of the ship’s soft iron. The compensating
magnets employed for this purpose are
usually fastened to the wooden deck
of the vessel, junder pieces of sheet
lead, at the proper distance in the fore
and aft lines from the centre of the
needle. The compensating masses of
goft iron are supported on each side of
the compass needle, usually in the form
of hollow iron spheres.

The best form of compass provided
with these compensating adjustments is
shown in Fig. 93. The compass card is
formed of a thin disc with its centre cut
away as much as possible, so as to com-
bine stability with lightness. Six slender
rods of hard steel are suspended in a
cradle near the centre of the card, and
form a compound magnetic needle pos-
sessing the maximum directive force,
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F16. 98.—THOMPSON'S COMPENSATING BINNACLE,
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united with the minimum of weight.
The bowl of the compass is usually filled
with oil, or other viscid liquid, to check
oscillation. Beneath the compass case is a
magnet fixed in such a position as to com-
pensate for the semi-circular error, as well
as a magnet to compensate for the heel-
ing error. A soft iron globe to compen-
sate for quadrantal error is placed on each
side of the compass. The optical appa-
ratus which surmounts the cover, is in-
tended for checking the deviation of the
needle by reference to the sun’s posi-
tion in the heavens at any time.

Various theories have been advanced as

to the cause of the earth’s magnetism.
Any theory for this purpose should be
able to satisfactorily account for the varia-
tions which exist in the observed ele-
ments of the magnetic flux which have
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already been alluded to in discussing the
variations which occur in the declination,
inclination and intensity. Ignoring some
of the earlier theories which were offered,
atheory, which is held to some extent at
the present day, ascribes the earth’s mag-
netism to the effect of electric currents
circulating around it from east to west,
approximately parallel to the equator.
The cause of these currents, according to
this theory, is ascribed to the unequal
heating of the materials of the earth’s
crust by thesun. Themaximum tempera-
ture of the earth, of course, is situated ap-
proximately under the vertical rays, and
since by the earth’s rotation this point of
maximum heat would cross the earth’s sur-
face once during a complete rotation,there
would, it is claimed, be electric currents
developed by this unequal heating, which
would cross the earth in a direction



EARTH’S MAGNETISM, 267

opposite to that in which it rotates; name-
ly, from easttowest. Such an electric cur-
rent would produce a south magnetic pole
in the northern hemisphere and this, as
we have seen, is what is required to explain
the earth’s action upon a magnetic needle.
It is difficult to conceive how the dif-
ference of temperature would produce
the requisite electric currents, especially
since the greater part of the earth’s sur-
face in the equatorial regions is composed
of water areas. Moreover, the varying
obliquity of the sun’s rays, at different
seasons of the year, should produce a
greater influence in the variations of the
current distribution and, consequently,
on the magnetic distribution, than is act-
ually observed.

A modification of this theory refers the
cause of the earth’s magnetism to practi-
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cally the same source; ¢. e., solar heat,
but places the region in which this dis-
turbance occurs in theatmosphere, rather
than in the earth’s crust. Judging from
experiments in air-pump vacua, it is
probable that at an elevation of about 80
miles above the earth’s surface the rare-
fied air has an electric conductivity high-
er than that of the best conducting solu-
tions of sulphuric acid in water. When
it is remembered that variations in the
solar radiation occurring during the dif-
ference of temperature of day and night,
or during the different seasons of the year,
or possibly during different cycles of time,
may account for the diurnal, annual, and
secular variations of magnetism, some
theory which connects the magnetic phe-
nomena of the earth with the solar radia-
tion would appear to be extremely prob-
able, but here, as before, the fact that
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variations in obliquity of the sun’s heat
do not produce more marked variations
with the seasons, would appear to ren-
der these theories far from satisfactory.
Some have even ascribed the earth’s mag-
netism to magnetic flux produced by the
sun or by the moon, but calculations show
that neither the sun nor the moon could
produce a% their distances any sensible
magnetic effect on the earth, even if com-
posed of hard steel, powerfully mag-
netized. It must be acknowledged that
there has yet to be produced & theory
which shall account in a satisfactory
manner for the phenomena of the earth’s
magnetism,

The insufficiency of any theory to ac-
count for the earth’s magnetism is espe-
cially seen in the case of some obscure .
terrestrial magnetic phenomena that are
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apparently irreconcilable with any theory
which has yet been proposed. For ex-
ample, Fig. 94 shows the isoclinie lines
served in the northern part of France re-
ferred to in the ‘‘ Annuaire of the Bureau

F16.94.—IsocLINIC LINES IN THE NORTHERN PART OF FRANCE.
of Longitudes of Paris 1895,” for the year
1891. The dotted lines represent the
general course of the isogonals 15°, 16°
and 17° West. In the neighborhood of
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Paris, it will be ohserved that the gener-
al course of theisogonals undergoes a very
marked and sharp bending which ecan,
it would appear, only be accounted for
by local terrestrial causes not connected
with the general phenomena of the earth’s
magnetism as a whole.

In order to account for the secular
variations in the earth’s magnetism, it
was formerly assumed that the positions
of the earth’s magnetic poles changed
their situation cyclically upon the earth’s
surface. More recent observations seem
to indicate that in each hemisphere there
is a magnetic pole over which the needle
stands vertically, and, that in addition to
these, there are in each hemisphere two
places where the intensity of the earth’s
flux is a maximum. It would seem that
these poles and positions of maximum in-
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tensity do not sensibly vary in position,
but that the earth’s flux varies along cer-
tain lines of magnetic activity. In other
words, there would appear to be regions
of periodically waxing and waning mag-
netic influence, whereby the intensity of
the flux alters, as though feeble false
magnetic poles were developed.

When dynamos are operated on board
ship, an additional source of local mag-
netic disturbance is produced on the com-
pass needle. This may be due either to
the electromagnetic influence of the wires
carrying currents, in the neighborhood of
the compass needle, or it may be due to
the magnetic influence of the poles of the
dynamo situated within the sphere of the
needle’s influence. The first difficulty
can be entirely overcome by employing
double wires throughout the vessel; <. e.,
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employing an outgoing and a return con-
ductor, placed side by side throughout
their length, so that the magnetic influ-
ence of the current in one wire is equal
and opposite to the influence of the op-
posite current in the other wire. The
second difficulty can be entirely overcome
by employing an ironclad type of gener-
ator; 7.e., a dynamoin which the magnetic
poles are completely sheltered by and
enclosed within the yoke or frame of the
machine.

The irregularities observed in the dis-
tribution of the isogonal, isoclinal and
isodynamic lines on the earth’s surface, as
seen, from an inspection of Figs. 80 and 81,
tonaturally arise from the varying charac-
ter of the materials forming the earth’s
crust. The occasional presence of large
beds of magnetic oxide of iron, or other
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magnetizable material, is apt to produce
local magnetic poles, and so disturb what
might be otherwise a more uniform distri-
bution of the earth’s flux. That beds of
iron ore do exist in the earth is not only
established by actual mining operations,
but also by the use of a suitable dipping
needle.

An apparatus, employed for the above
purpose, has sometimes been called a mag-
netic divining rod; for, by its use, the locali-
zation of large bodies of magnetic iron ore
is possible without uncovering the surface.
Unfortunately, however, owing to the fact
that a thin mass of ore near the surface
produces approximately the same effect as
a thick and concentrated mass of ore at a
greater depth, the indications of the
needle have to be taken with great
caution; but, when taken in connection
with borings, outcrop observations and
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other evidence of a geological character,
they furnish valuable data for mining in-
terests.

THE END,
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formation relating to the various branches of electro-technics.
In them will be found concise and authoritative information con-
cerning the several departments of electrical science treated,
and the reputation of the authors, and their recognized ability
as writers, are a sufficient guarantee as to the accuracy and
reliability of the statements. The entire issue, although pub-
lished in a series of ten volumes, is, nevertheless so prepared that
each volume is complete in itself, and can be understood inde-
pendently of the others. The books are well printed on paper
of special quality, profusely illustrated, and handsomely bound
in covers of a special design.

THE W.J. JOENSTON COMPANY, Publishers,
253 BROADWAY, NEW YORK.




THIRD EDITION. GREATLY ENLARGED.
A DICTIONARY OF

Electrical Words, Terms,‘
and Phrases.

By EDWIN J. HOUSTON, Ph.D. (Princeton).
AUTHOR OF
“Advanced Primers of Electricity”;  Electricity Ome
Hundred Years Ago and To-day,” etc., etc.

Cloth, 667 large octavo pages, 582 illustrations,
Price, ggoo

Some idea of the scope of this important work and of the im-
mense amount of labor involved in it, may be formed when it is
stated that it contains definitions of about 6ooo distinct words,
terms, or phrases. The dictionary is not a mere word-book ; the
words, terms, and phrases are invariably followed by a short, cen-
cise definition, giving the sense in which they are correctly employed,
and a general statement of the principles of electrical science on
which the definition is founded. Each of the great classes or di-
visions of electrical investigation or utilization comes under careful
and exhaustive treatment ; and while close attention is given to the
more settled and hackneyed phraseology of the older branches of
work, the newer words and the novel departments they belong to
are not less thoroughly handled. Every source of information has
been referred to, and while libraries have been ransacked, the note-
book of the laboratory and the catalogue of the wareroom have not
been forgotten or neglected. So far has the work been carried in
respect to the policy of inclusion that the book has been brought
down to date by means of an appendix, in which are placed the
very newest words, as well as many whose rareness of use had con-
signed them to obscurity and oblivion. /

Copies of this or any other electrical book published will be sent by mail,
POSTAGE PREPAID, %0 any address in the world, on receipt of price.

The W. J. Jehnston Company, Publishers,
253 BROADWAY, NEW YORK.



ELEGTRICITY AND MAGNETISM.

A Series of Advanced Primers.

By EDWIN J. HOUSTON, PH.D. (Princeton).

AUTHOR OF

“4 Dm’wnafy of Electrical Words, Terms and
Phrases,” etc., etc., ete.

Cloth. 306 pages. 116 illustrations. Price, $1.00.

During the Philadelphia Electrical Exhibition of 1884, Profi H
issued a set of elementary electrical primers for the benefit of the visitors to
the exhibition, which attained a wide popularity. During the last ten
years, however, the advances in the applications of electricity have beenso
great and so widespread that the public would no longer be satisfied with
instruction in regard to only the most obvious and simple points, and
accordingly the authorhas prepared a set of new primers of a more ad-

d ch gards matter and extent, The treatment, neverthe-
less, remains such that they can be easily understood by anyone without a
previous knowledge of electricity. Electricians will find these primers of
marked interest from their lucid explanations of principles, and the general
public will find in them an easily read and agreeable introduction to a fas.
cinating subject. The first volume, as will be seen from the contents,
deals with the theory and g 1 asp of the subj As no
mathematics is used and the explanations are hed in the simpl
terms, this volume is an ideal first book from which to obtain the prelimi-
nary ideas necessary for the proper understanding of more advanced works,

Copiesof this or any other electrical book published will be sent by
mail, POSTAGE PREPAID, 70 any address in the world, on receipt of price.

The W. J. Johnston Company, Publishers,

253 BROADWAY, NEW YORK.



The Measurement of Electrical Cur-
rents and Other Advanced
Primers of Electricity.

By EDWIN J. HOUSTON, PH.D. (Princeton).

AUTHOR OF

“A Dictionary of Electrical Words, Terms, and
Phrases,” elc., etc., elec.

Cloth. 429 pages, 169 illustrations, Price, $1.00.

This volume is the second of Prof. Houston’s admirable series
of Advanced Primers of Electricity, and is devoted to the meas-
urement and practical applications of the electric current. The
different sources of electricity are taken up in turn, the apparatus
described with reference to commercial forms, and the different
systems of distribution explained. The sections on alternating
currents will be found a useful introduction to a branch which is
daily assuming larger proportions, and which is here treated with-
out the use of mathematics. An excellent feature of this series of
primers is the care of statement and logical treatment of the sub-
jects. In this respect there is a marked contrast to most popular
treatises, in which only the most simple and merely curious points
are given, to the exclusion or subordination of more important
ones. The abstracts from standard electrical authors at the end of
each primer have in general reference and furnish an extension to
some important point in the primer, and at the same time give the
reader an introduction to electrical literature. The abstracts have
been chosen with care from authoritative professional sources or
from treatises of educational value in the various branches.

Copies of this or any other electyical book published will be sent by mail,
POSTAGE PREPAID, 0 any address in the world, on receipt of price.

The W. J. Johnston Cempany, Publishers,
253 BROADWAY, NEW YORK,



THE

ELECTRICAL TRANSMISSION OF

INTELLIGENCE,
And Other Advanced Primers of Electricity.
By EDWIN J. HOUSTON, Pu.D. (Princeton).

AUTHOR OF

“ A Dictionary of Electrical Words, Terms and
" Phrases,” etc., etc., etc.

Cloth. 330 pages, 88 illustrations. Price, $1.00.

The third and luding volume of Prof H 's series of
Advanced Primers of Electricity is devoted to the telegraph, telephone,
and miscellaneous applications of the electric current. In this volume the
difficult subjects of multiple and cable telegraphy and electrolysis, as well
as the telephone, storage battery, etc., are treated in a manner that en-
ables the beginner to easlly grasp the principles, and yet with no sacnfice
in 1 of p ation. The electric apparatus for use in
houses, such as elecmc bells, s, ther , electric locks,
gas-lighting systems, etc., are explained and illustrated. The primer on
electro-therapeutics dscribes the medical coil, and gives instructions for
its use, as well as explaining the action of various currents on the human
body. The interesting primers on cable telegraphy and on telephony will
be appreciated by those who wish to obtain a clear idea of the theory of
these attractive branches of electrical science, and a knowledge of the de-
tails of the apparatus. Attention is called to the fact that each of the
primers in this series is, as far as possible, complete in itself, and that
there is no necessary connection between the several volumes.

Copies of this or any other electyical book published will be sent by
mail, POSTAGE PREPAID, £0 any address in the world, om receipt of price.

The W. J. Johnston Company, Publishers,

253 BROADWAY, NEW YORK.



ELECTRICITY .

One Hundred Years Ago and To-Day.
By EDWIN J. HOUSTON, PH.D. (Princeton).

AUTHOR OF

“A Dictionary of Electrical Words, Terms and
Phrases,” etc., etc., etc.

Cioth. 179 pages, illustrated. Price, $1.00.

In tracing the history of electrical science from practically its birth to
the present day, the author has, wherever possible, consulted original
sources of information. Asa result of these researches, several revisions
as to the date of discovery of some important principles in electrical
science are made necessary. While the compass of the book does not
permit of any other than a general treatment of the subject, yet numerous
references are given in footnotes, which also in many cases quote the
words in which a discovery was first announced to the world, or give more
specific information in regard to the subjects mentioned in the main por-
tion of the book. This feature is one of interest and value, for oftena
clearer idea may be obtained from the words of a discoverer of a phenume-
non or principle than is possible through other sources. The work is not
a mere catalogue of subjects and dates, nor is it couched in technical lan-
guage that only appeals to a few. On the contrary, one of its most admir-
able features is the agreeable style in which the work is written, its
philosophical discussion as to the cause and effect of various discoveries,
and its personal references to great names in electrical science. Much in-
formation as to electrical phenomena may also be obtained from the book,
as the author is not satisfied to merely give the history of a discovery, but
also adds a concise and clear explanation of it.

Copies of this or any other electrical book published will be sent by
nail, POSTAGE PREPAID, 20 any address in the world, on receipt of price.

The W. J. Johnston Company, Publishers,

253 BROADWAY, NEW YORK.



SBCOND EDITION. REVISED.
ELEMENTS OF

'STATIC ELECTRICITY,

With. Full Descriptions of the Holtz and Topler
Machines and Their Mode of Operation.

By PHILIP ATKINSON, A.M, PH.D.
Cloth. 228 pages, 64 illustrations. Price, $1.50.

This work has been prepared for the benefit of those whose
knowledge of electricity is limited to the practical details of tele-
graphy, telephony, and electric lighting; also those among the
liberally educated who desire to review electric science in the light
of recent investigation ; and those who wish to study its elementary
principles preparatory to a more extended course. The author
treats the subject in a practical rather than in a scholastic manner,
the theories being illustrated and elucidated by reference to practical
apparatus and applications. The subject of electric potential,
usually so difficult to beginners, is treated very successfully by the
author, so that the student after reading this section will find his
path much smoother when he enters other branches of electricity
not considered in this book. An instructive chapter is devoted to a
consideration of the nature of electricity. The Leyden jar is fully
treated, and one fourth of the book is devoted to descriptions of
static generators and practical experiments with the same. There
is an extensive chapter on electrometers, and a very interesting one
describing apparatus for illustrating electrical transmission s»
vacxa. An important section of the book is that on the electricity
of the earth and the atmosphere, consisting of three chapters—on
earth currents, the aurora, and thunder and lightning.

Copies of this or any other electrical book published will be sent by mail,
POSTAGE PREPAID, /0 any address in the world, on receipt of price.

The W. J. JOHNSTON COMPANY, Publishers,

253 BROADWAY, NEW YORK.




ORIGINAL PAPERS

Dynamo Machinery
AND ALLIED SUBJECTS.

By JOHN HOPKINSON, F.R.S.
(Awuthorized American Edition.)
Cloth. 249 pages. 98 Illlustrations. Price, $1.00.

Very few contributions to electrical literature since the days of Faraday
have been of such animportant character as those contained in the present
volume ; and this is true, whether considered from a theoretical or from a
praclica‘ standpoint. Inthe first paper that invaluable aid to the study and
design of dynamos, the characteristic curve, was first announced, and the
two following papers are devoted more or less to developing its applications.
These three papers contain a vast amount of information relating to the
various points connected with the subject, Though the style is simple
and popular, the statements are authoritative and supplied the beginnings
of electrical engineering. The fourth and fifth papers, on the theory and
design of continuous-current dynamos, furnished the principles upon
which the design of such dynamos is now based. The sixth paper estab-
lished the important principles in regard to coupling alternating-current
machines ; the next three papers are on the transformer, and the remaining
two are on the theory of the alternate-current dynamo_and electric light-
houses respectively.  The majority of the papers contain no mathematical
formula, and several others so little as not to prevent their being under-
stood by a non-mathematical reader.

CONTENTS.

1., II. On Electric Lighting.—ITI. Some Points in Electric Lighting.—

IV.,V. Dynamo-Electric Machinery.—VI. Theory of Alternating Eurrents.

—VII. An Unnoticed Danger in Certain Apparatus for Distribution of

Electricity.—VIII. Induction Coils and Transformers.—IX. Report of a

Test of Two 6,500 Watt Transformers.—X. Theory of the Alternating-

c'i‘u.rrent Dynamo.—XI. The Electric Lighthouses of Macquaire and of
ino.

Copies of this or any other electrical Book published will e sent by
#ail, POSTAGE PRRPAID, 20 any address in the world, on receipt of price.

The W. L. Johnston Company, Publishers,

253 BROADWAY, NEW YORK.



EXPERIMENTS WITH

Alternate Currents

Of High Potential and High Frequency.
By NIKOLA TESLA.

Cloth, 156 pages, with Portrait and 35 Illustrations.
Price, $1.00.

Since the discovery of the telephone few researches in electricity
have created as widespread an interest as those of Nikola Tesla
into alternate currents of high potential and high frequency. Mr.
Tesla was accorded the unusual honor of an invitation to repeat
his experiments before distinguished scientific bodies of London
and Paris, and the lecture delivered before the Institution of Elec-
trical Engineers, London, is here presented in book-form. The
field opened up, to which this book acts as a guide, is one in which
the future may develop results of the most remarkable character,
and perhaps lead to an entire revision of our present scientific
conceptions, with correspondingly broad practical results. The
currents of enormously high frequency and voltage generated by
Mr. Tesla developed properties previously entirely unsuspected,
and which produced phenomena of startling character. No injur-
ious effects were experienced when the human body was sub-
jected to the highest voltages generated. Lamps with only one
conductor were rendered incandescent, and others with no con-
nection whatever to the conducting circuit glowed when merely
brought into proximity to the same. The book in which Mr. Tesla
describes his marvelous experiments is one that every one who
takes an interest in electricity or its future should read. The sub-
ject is popularly treated, and as the author is the master of a
simple and agreeable style the book is fascinating reading. A
portrait and biographical sketch of the author is included.

Copies of this or any other electrical book published will be sent by mail,
POSTAGE PREPAID, 70 any address in the world, on receipt of price.

The W. J. Johnston Company, Publishers,
253 BROADWAY, NEW YORK,



PUBLICATIONS OF

THE W. ]. JOHNSTON COMPANY.

The Electrical World. An Illustrated Weekly
* Review of Current Progress in Electricity and its Prac-

tical Applications. Annual subscription.............. $3.00

The Electric Railway Gazette. An Hlustrated

Weekly Record of Electric Railway Practiceand Develop- -

ment. Annual subscription.............cciieeiiiatn
Johnston’s Electrical and Street Railway
Directory. Containing Lists of Central Electric
Light Stations, Isolated Plants, Electric Mining Plants,

Street Railway Companies—Electric, Horse and Cable— -

with detailed information regarding each ; also Lists of
Electrical and Street Railway Manufacturers and Dealers,
Electricians, etc. Published annually.... ...........
The Telegraph in America. By Jas. D. Reid.
894 royal octavo pages, handsomely illustrated. Russia,
Dictionary of Electrical Words, Terms
‘and Phrases, By Edwin J. Houston, Ph.D.
Third edition. Greatly enlarged. 667 double column
octavo pages, 582 illustrations...........cc00u... e
The Electric Motor and Its Applications.
By T. C. Martin and Jos. Wetzler. With an appendix
on the Development of the Electric Motor since 1888, by
Dr, Louis Bell. 315 pages, 353 illustrations...........
The Electric Railway in Theory and
Practice., The First Systematic Treatise on the
Electric Railway. By O. T. Crosby and Dr. Louis
Bell. Second edition, revised and enlarged. 416 pages,
183 illustrations..o....0eevienniannns
Alternating Currents. An Anulyﬂul and Graph.
ical Treatment for Students and Engineers. By Frederick
Bedell, Ph.D., and Albert C. Crehore, Ph.D. Second
edition. 325 pages, 112 illustrations......cco000nenress

7.00

5.00°

. 2.50

2.50



Publications of the W. ¥. YOHNSTON COMPANY.

Gerard’s Electricity. With chapters by Dr. Louis
Duncan, C. P. Steinmetz, A. E. Kennelly and Dr. Cary

T. Hutchinson. Translated under the direction of Dr. .

The Theory and Calculation of Alternat-
ing-Current Phenomena, By Charles Proteus
Steinmetz ..... B

Central Station Bookkeeping. With Suggested
Forms. By H. A. Foster................ ceessseccan

Continuous Current Dynamos and Motors.
An Elementary Treatise for Students. By Frank P.
Cox, B.S. 271 pages, 83 illustrations................

Electricity at the Paris Exposition of
1889, By Carl Hering. 250 pages, 62 illustrations.

Electric Lighting Specifications for the use of
Engineers and Architects. Second edition, entirely re-
written. By E. A. Merrill. 175 pages...............

The Quadruplex. By Wm. Maver, Jr., and Minor
M. Davis. With Chapters on Dynamo-Electric Machines
in Relation to the Quadruplex, Telegraph Repeaters, the
Wheatstone Automatic Telegraph, etc. 126 pages, 63
illustrations.....co.oveiveiierienieiiiiiisiiiennnennns

The Elements of Static Electricity, with Full
Descriptions of the Holtz and Topler Machines. By
Philip Atkinson, Ph.D. Second edition. 228 pages,
64 illustrations...........cooviieiiiiiiiiiiniennnn,

Lightning Flashes. A Volume of Short, Bright
and Crisp Electrical Stories and Sketches. 160 pages,
copiously illustrated............ccooviiiniiiiieennns

A Practical Treatise on Lightning Pro-
tection: ByH.W.Spang. 180pages, 28illustrations,

2.50

2.50

2.00

2.00

1.50

1.50

1.50

1.50

1.50



Publications of the W. ¥. ¥OHNSTON COMPANY.

Electricity and Magnetism. Being a Series of
Advanced Primers. By Edwin J. Houston, Ph.D. 306
pages, 116 illustrations. .......cocvvvecieincecnenncnns $1.00

Electrical Measurements and Other Ad-
vanced Primers of Electricity. By Edwin .
J. Houston, Ph.D. 429 pages, 169 illustrations........ 1.00

The Electrical Transmission of Intelli-
gence and Other Advanced Primers of
Electricity. By Edwin J. Houston, Ph.D. 330
pages, 88 illustrations................... tessncacene 1.00

Electricity One Hundred Years Ago and
To-day. By Edwin J. Houston, Ph.D. 179 pages,
illustrated " ............0000a., eeecscasassscncenonnn 1.00

Alternating Electric Currents. By E. J.
Houston, Ph.D. and A. E. Kennelly, D.Sc. (Electro-

Technical Series)...... R 1.00
Electric Heating. By E. J. Houston, Ph.D. and
A. E. Kennelly, D.Sc. (Electro-Technical Series)...... 1.00

Electromagnetism. By E.J. Houston, Ph.D. and
A. E. Kennelly, D.Sc. (Electro-Technical Series)...... 1.00

Electro-Therapeutics. By E. J. Houston, Ph.D.
and A. E. Kennelly, D.Sc. (Electro-Technical Series).. 1.00

Electric Arc Lighting. By E. J. Houston, Ph.D.
and A, E. Kennelly, D.Sc. (Electro-Technical Series).. 1.00

Electric Incandescent Lighting. By E. J.
Houston, Ph.D. and A. E. Kennelly, D.Sc. (Electro-
Technical Series)...oecveeracincians cetees ssesecces 100

Electric Motors. By E. J. Houston, Fh.D. and A.
E. Kennelly, D.Sc. (Electro-Technical Series)......... 1.00



Publications of the W. ¥. YOHNSTON COMPANY

Electric Street Rallways, By E. J. Houston,
Ph.D. and A. E. Kennelly, D.Sc. (Electro-Technical

Electric Telephony. By E. J. Houston, Ph.D,
and A. E. Kennelly, D.Sc. (Electro-Technical Series). .

Electric Telegraphy. By E. J. Houston, Ph.D.
and A. E. Kennelly, D.Sc. (Electro-Technical Series)..

Alternating Currents of Electricity. Their
Generation, Measurement, Distribution and Application.
Authorized American Edition. By Gisbert Kapp. 164
pages, 37 illustrations and two plates .................

Recent Progress in Electric Railways.
Being a Summary of Current Advance in Electric Rail-
way Construction, Operation, Systems, Machinery,
Appliances, etc. Compiled by Carl Hering. 386
pages, 110 illustrations........... e iteeseeenrennanan

Original Papers on Dynamo Machinery
and Allied Subjects. Authorized American
Edition. By John Hopkinson, F.R.S. 249 pages, go
illustrations......... eeeesscnvescansetecsassssrasnas

Davis’ Standard Tables for Electric Wire-
men. With Instructions for Wiremen and Linemen,
Rules for Safe Wiring and Useful Formule and Data.
Fourth edition. Revised by W. D. Weaver...........

Universal Wiring Computer, for Determining
the Sizes of Wires for Incandescent Electric Lamp Leads,
and for Distribution in General Without Calculation,
with Some Notes on Wiring and a Set of Auxiliary
Tables. By Carl Hering. 44 pages... .............

1.00

1.00

1.00

1.00

1.00

1.00



Pyblications of the W. §¥. FOHNSTON COMPANY.

Experiments With Alternating Currents
of High Potential and High Frequency.
By Nikola Tesla. 146 pages, 30 illustrations. .....s...$1.00

Lectures on the Electro-Magnet. Authorized
American Edition. By Prof. Silvanus P. Thompson.
287 pages, 75 illustrations.............. tesectaiiiaes 1.00

Dynamo and Motor Building for Amateurs,
With Working Drawings. By Lieutenant C. D, Park-
L 1.00

Reference Book of Tables and Formulse
for Electric Street Railway Engineers.

By E. A, Merrill.............. Gecrsencensataranasens 1.00
Practical Information for Telephonists.

By T. D. Lockwood. 192 Pages........coceeusessess 1.00
‘Wheeler’s Chart of Wire Gauges........... 1.00

A Practical Treatise on Lightning Con-
ductors. By H. W. Spang. 48 pages, 1oillustrations. .75

Proceedings of the National Conference of

Electricians, 300 pages, 23 illustrations.......... .75
Wired Love ; A Romance of Dots and Dashes. 256

PABES..eiiiieiirniorannns N e 78
Tables of Equivalents of Units of Measure-

ment. By Carl Hering.....ccovviiiineinniennnnns .50

Copies of any of the above books or of any other electrical book
published, will be sent by mail, POSTAGE PREPAID, fo any address
in the world on receipt of price.

THE W. J. JOHNSTON COMPANY,

253 BROADWAY, NEW YORK.



Established January 1, 1886,

THE CNLY ELECTRIC RALLWAY PUBLICATION DY 722 WORLD.

As the only publication in the world devoted to the electric
railway industry, and the only journal adequately treating the
numerous technical features involved in its modern development
and practice, the ELECTRIC RAILWAY GAZETTE aims worthily
to represent the activity and progressiveness of the important
interests to which it is devoted. '

Presenting all the news every week, and describing current
improvements and developments immediately upon being
brought forward, its pages offer to those engaged in the elec-
tric railway field the timely advantages enjoyed in other active
and important branches of modern industry.

Subscription in advance, One Year, $3.00,
In the United States, Canada or Mexico;
Foreign Countries, $5.00.

The W. J. Johnston Company,
263 BROADWAY, NEW YORK.



Y0 PNECD ELECTRILAL OVANAL 0F AMERNA

Read Wherever the English Language is Spoken.

The Electrical World

is the largest, most handsomely illustrated, and most widely
circulated electrical journal in the world.

It should be read not only by every ambitious electrician
anxious to rise in his profession, but by every intelligent Ameri-

can.

It is noted for its ability, enterprise, independence and
honesty. For thoroughness, candor and progressive spirit it
stands in the foremost rank of special journalism.

Always abreast of the times, its treatment of everythin,
aelating to the practical and scientific development of electri
knowledge is comprehensive and authoritative. Among its
many features is a weekly Digest of Current Technical Electyi-
cal Literature, which gives a complete »ésumé ot current origi-
nal contributions to electrical literature appearing in other
journals the world over.

Subscription { including postage Inthe U.5. 183 a Year.

May be ordered of any Newsdealer at 10 cents a week.

Cloth Binders for THE ELECTRICAL WORLD postpaid, $1.00.

The W. J. Johnston Company, Publishers,
253 BROADWAY, NEW YORK.



