MAGNETISM

CHAPTER VIL

Wative Magnetism of the Lead-Btone—Attractive and Repuleive Forees of Por-
manent Magnets—Component parts of the Magnet—TIndueesd Mapgnetism.

WATIVE MAGNETIEM OF THE LOADBTONE,

As a preliminary to the consideration of electro-agnetism,
it i= necessary to explain the mystorious existence of the at-
tractive and vepulsive nature of matter commonly kmown as
permanent magnetism,  This is the more necessary as some of
the telegraph =ystems have, as parts thereof, the conjonetive
foree of permanent and electro-magneiism.

Fig. 1 represents the native Fig. 1.
load-stone, found in the earthin
different parts of the world.  In ™=
the figure, the polarity of the -
stone is shown and its attractive |
foree, by nails suspended by if.

It i an ore of iron, compomid-
ed of ivon and oxygen. t-
Iy, T saw large quantities of ¢ 1
this ore near 2. Lonis, Missouri. |
It was in a mountain of iron,
The diseovery of the load-stone
has besn attributed to a she
herd, named Magnes, who oﬁ:
sarved its attraction to his iron
crook, when tending his flock
on Mount Ida, and from whom
it iz supposed the name of mag-
net is derived ; though, accord. .
ing to other aecounts, the lond-stone first eame from Hera-
clea, in Magnesia, and one of its ancient names was lapis
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Heraelews,  Plato and Euripides ealled it the Herculean
stone, beeanse it commanded ivon, the strongest of all metals,

VARIATION OF THE NEEDLE DHECOVERED BY COLTIIELUS,

To what extent the earth is filled with the lead-stone no one
can form any ides.  In connection with this, may be considered
the magnetic polarity of the earth, and the magnetie or mari-
ners’ neadle.  The neeidle has been nsed for several centuries,
bat the variation of the compass needle, in difforent latitudes,
was first noticed by the discoverer of America. [rving’s Colum-
bus says, viz.: % On the 13th of September, 1492, he perceived
about nightfall that the needle, instead of pointing to the north
star, varied bot half a puint, or between five and six degrees,
to the northwest, and still more on the following moerning.
HBtrnck with this eircomstance, he observed it attentively for
three days, and found that the variation inereased as he ad-
vaneed, He at first made no mention of this phenomenon,
knowing how ready his people wers to take alarm ; but it soon
attracted the attention of the pilots, and filled them with con-
sternation. It seemed as if the laws of nature were changing
as they advaneced, and that they were entering into another
world, sabject to unknown influences.  They apprehended
that the compass was abont o lose its mysterions virtues; and
witheut thiz gnide, what was to become of them in a vast and
trackless ocean?  Columbus fasked his sclence and ingenuity
for reasons in which fo allay their terrovs,  He told them thai
the direction of the nvedle was not to the polar star, hot to
some fixed invisible point.  The variation was not eansed by
any failing in the compass, which, like the other heavenly
bodies, had its changesand revolutions, and every day desoribed
2 cirele around the pole.  The high opinion that the pilets en-
tertained of Columbus as o profound astronomer, gave weight
to his theory, and thelr alarm subsided.”

THE FORCES OF PERMANENT MAGNETS.

Fig. 2. Place the ends of & magnet un-
der a piece of paper on which are
seattered some fron filings; i a
e moment the filings will be seen to
- arrangs thomselves in curves, as
- represented in figure 2;  the
= greater part of the filings being
©colleeted over each end of the
SN magnet, and spreading ontin enr-
vilinear direetions toward the two ends. Very few of the
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filings will collect on the spot over the centre of tne magnet.
When thus arranged, each one of the filings is magnetie, with
distinet polarity, with attractive and repulsive powers, as the
magnat beneath the paper.  The magnetism inthe particles, as
to quantity, depends npon their respeetive proximities to the
magnet peles.  The farther they are from it, the less is their
power.  The curves formed are owing to the more distant attrae-
tive influence affecting them,

A siraight perma- Fig. &
nent rmagnet is rep- _
resented by figure PE fo GRS
This form is ealled o EEE 2718
sommponnd permanent T
magnet, beeause it is made of more than one bay, and it refains
magnetism, By this uniting of several magnets, the power 13
wereased,  The similar poles of each must be placed together.

Fig 4 is o horseshos or U-magnet. Tt is the bar gy, 4,
magnet bent in the form represented in the figure, o
for the oge of getling the attractive fovee of the Mg
two Ellljg‘]i:?thﬂ magnet to act at the same time upon B
the same matter.  Pigure 5 is the same as figore 4, g 0E-
compounded,  The two poles of the magnet are exer- 5
cised In the attraction of the piece of iron a, which is
called the leeper. It is called thus, beconse it aids
to keep the magnetism in the bars,  The moment that
A comes in contact with the poles » and s, it he-
comes magnetie, with distinet polarities. The south
pole of it, is next to the », or north pole of the
magnet, The terns north and south, io indicate
the polnrity of the magnet, was given tothe needlo
about the year 1600, confermably to the views en-
tertained of terrestrial magoetism. The end of WE
the needle that pointed toward the north was call- Fi
ed the south pole, and that toward the sonth was [
called the north pole. The poles of the earth were &
supposed to be magnetic, and that the needle was
aftected by them, upon the principles of the pres-
ent known laws, coneerning the atfractive and re-
pulsive natare of magnets.  Like poles repel, and opposite poles
attract, The north pols of one magnet attracts the south pols
of the other,

In examining the distribution of electricity, in a eireular
plane, it was found that the thickness of the eleetric stratum
was almost constant from the centre, to within a very small
distance of the circumferance, when it incrsased all on g sud-
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den with great vapidity. Tt has been believed that a
similar distribution of magnetism took plaee in the trans-
verse section of & magnetic bar; and by a series of magnetio
experiments, results have induced some philosophers 1o be-
lieve that the magnetio power resides on the snrface of
tran hodies, and iz entively independent of their mass, On
the other hand some are of the opinion that the magnetie force
comnmences as a focus at the centre of the mass, and fully enhni-
nates at the surface.

COMPORENT PARTSE OF THE MAGNET.

A magnet is considered as compozed of minuta invisible par-
ticles or filaments of iron, each of which has individually the
properties of & separate magnet. It is assumed that there are
two distinet fluids—the eustral and boree! ; and under the in-
fluence of either in a free state, the bar of iron or other metal
will point to the north or south poles of the earth, according to
cireumstanees, [t iz within these small particles or metallic
elements that the displacement or separaiion of the bwo attrac-
tive powers take place ; and the partioles may be the ultimate
atoms of iron, A magnetic bar may, there- Fig. 6.
fore, as represented in fignrve 6, be composed I
of minute portions, the right hand extremi-
tics of each of which possess one species of |
megnetism, and the left hand extreinities the §
other species: the shaded ends being sop- [
posed to possess boreql, and the light end
austral magnetism,  The ends of the bar, §
when either straight or 17 shaped, are charged
with boreal or auvstral magnetism, and the EESES
ends ara called by those respective terms. gusm
More commenly the ends of the magnet ave |
called the “north™ and “south ™ poles, for BHES
the reasons before mentioned.

These fluids exist in a combined state, and in certain propor.
tions they are united to each molecnle or atom of the metal,
from which they can never be disunited exoopt by their de-
compasition infe separate flnids, one of which in a permanent
magnet is always collected on one, and the other on the oppo-
site side of each molecule.

INDUCED MAGNETISM,

In arder to communicate magnetism from a nafural or arti-
fielal magnet, to numagnetized iron or steel, it is not necessary
that the two bodies should be in contact. The communica-
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tion is effeoted as perfectly, though more fesbly, when the bodies
aro separated by spaoe.

Figuare 7 represents a bar, )
magnet a1, and an iron rod — w}
E, nemr together. By the
inflnence of the magnet « npon the principles of induetion, the
roid g partakes of the magnetism of ar, the end » hecoming
bareal and the end & ausfral, H the rod 2 be bronght in eon-
tacit with the bar a1, the induction will be mnch stronger,

[ to the north pele (fie. .
&) of an artificial EE;&I rr{ll:;' . Fig, & 5 o o
net a, is placed a soft ivon bar, % - =
B, the end 5 of p will in- =-
stantly acquive the properties of a gouth pole, and the appo-
site end w, those of the north pole.  The apposite pales would
have heen produced at x and s, if the south pole & of the mag-
net s, hnd been placeed near the iron B, Tn like manner, the
piece of soft iron B, thongh only temporarily magnetic, will ren-
der ancther piece of iron, c, and this again ancther piece, o,
temporarily magnetie, north and south pales being produced
at the ends,  This represents compound indaction.

1t is important for the reader to ohserve the pointed analogy
between the phenotmena of magnetie attraction and repulsion,
and those of electricity. In both thers exists the same char-
acter of donble agencies of opposite kind, eapable, when sepa-
rate, of acting with great energy, and being, when combined
together, perfectly neufralized, and exhibiting no signs of ac-
tivity,  As there are two elsctiical, so there are alzo twe mag-
fetio powars § and both sets of phenomens are governed by the
same characteristio laws,  Ho also in the last experiment, the
magnetizm inherent in 8, o, b, iz said o be feduced by the
presence of the real magnet; and the phenomena are exactly
analogous fo the communication of electricity to unelectrified
bodies by induetion, the pesitive state indueing the negative,
and the negative the positive, in the parts of a conductor placed
in a state of insnlation, near an electrified body, Where two
of more wires are suspended on the same zet of poles, the
voltaie curront frapsmitted on one wire will eseaps to the other
wire by induetion, though not to a very great extent. 1f the
wires are placed near together, more or less of the eleotric in-
fluence will pass from one to the other. Figurs O is another
rapresentation of the induetive prineiple.  FPlunge a U-magnet
into a cask of nails and on withdrawing it the nails witl ad-
here to the magnet and to each other as represented in the
fizure, 1f the magnet be placed inconnection with iron filings,
they will eollect on the puI;ea as seen in fignre 10.

Tig. 7.
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If the north pole of a bar magnet, figure 11, be placed on
the cenire of a circular plate of iron, a south polarity is given

. 14,

Fig. 0.
RARYVE

to the metal or plate touching the bar, and the under part be-
comes novth, and from it will be sespended iron filings when
they are brought in contact with the plate, [T the plate isout
in the form of a star, as represented by figure 12, each poinf
besomes o stronger north pole. The part of the plate in con.
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taet with the bar is south, and the line of induction extends
to the points.  If pails be suspended from the pointsthe pelarity
of the respective pieces will be as repraﬁe-ntadp in the fignre.

1f the north pole be placed on the middle of the bar of iron,
as seon in fignre 13, the part of the horizontal bar hecomes a
south pole, and thﬂ respective ends become north.  The bar
¥ N becomes magnetically two pleces of iron, each with its
south pole terminating at the har s n. If pieces of iron wire
of equal lengihs be suspended from o magnetio pole, they will
not hang parallel.  The lower ends will diverge from each other
in consequence of their having the same polarity, as seen by
figure 13,

If & bar magnet be broken into two picess the polarity of
each piece will at onoes he u
formed as scen by figure Tig. 14

14, These halves may be /3 o ik 'E;.

broken with the same re.
sult, each seetion having a mlicharge of the magne-tm influence,
The magnetic needlois a very slender magnet mounted ot

a pivot, as seen in figure 15, or 11: may be otherwise suspended.
Tig. 15.

Fig. 16

%%-




112 MAGNETIEM.

One end of the needle is north and the other end is sonth.
Figure 16 represents a bar magnet, and the three needles or
arrows, ndicate the direction of the magnetic foree.  The ar-
row-leads are of norih polarity, and the two to the right are
inflnenced hy the south pelarity of the magnet bar x 2. The
south pole of the bar and the north poles of the needlex atiract
each other. The needle over the cenire of the bar meagnet
is equally influenced by ihe polarity of the bar x %, and it can-
not deviate from ﬂ,pmﬂali Figure 17 represents the different
positions necessary to place magnets to make thern harmonize
in their respective influences or forces one with the other. If
the various small pieces were arrows, their polarities would he
as represented in figure 17, conjunetively with the larger
magnet in the centre,

An onmagnetized bar, suspended in the direction of north
and sonth, formed as figure 15, will assame temporary mag-
netism inductively from the earth.  The end of the suspended
roid diveeted toward the north pole, heacmes sonth, and the end
toward the south will receive north pelarity.  Figure 18 vepre-
senits a bar of von, a B, placed 'in a horizentsl position to the

Fig, 17, s

north pele of a regnetic needle, w 2. The pole as thas placed is
attracted by the bar, Keeping the end nin the same place,
raise the end & so as to bring the bar into the posifion ¢ .
As the bar is raised, the north pole recedes from ¢, as indicated
by the dotted lines in the figure. The strongest action is ex-
erted when the bar is in the line of the dip, or in thislatitnde,
nearly vertically over the needle. Change the positions of the
bar, and the needle will be changed. By this experiment the
reader will find that the bar of iron has become polarized with
magunetiam.
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Pigure 19 represents the charging of a bar of iron by percus.

sion. Hold the bar in the line of the dip, and its lower eng
brought near to the north pele of Fig. 19.
a magnetie needle.  In eonse-
quenae of the polarity of the lron,
veceived from the earth, the needle Nl
will slightly swing from its nor-
mal position.  Birike the end of
the iron rod with a hammer, and
immediately the magnetic force
in the bar becomes greatly in-
ereased, and the needle swings to
the bar as seen in the figure, the
sonth pole of the needle to the
north pole of the bar

Take a piece of iron wire, place
it in a vertical position, and twist
it powerfully. The twist will be
geen to sustain iron filings as seen
by figure 20, This is very often
seen by the mla&r&pher when
makirﬁg nints in the wire. Bal
ance twist on a pivef, snd it
will at onee assume polarity. The
end which was downward be-
comes the nerth pole. The tele-
grapher will observe, when filing S
the wire to male the joints, filings Fiez. 20,
adhere to the ends of the wire e
This magnetism is produced wpon &
the principles of perenssion.

T have thus briefly presented o
faw explanations of the magnetic
foree imparted to metals, and for
further and more detailed informa- '
tiom the vemder can refer to the standard works on electrionl
and magnetio phenmmena.
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