ELECTRO-MAGNETISN

CHAPTER VIIIL

Digeovery of Electro.Magnetism by Ersted—DHseoveries of Sthweirger, Avago,
and Ampere—THesoverles of Bturgesa nad Henry—Recapitnlstion of the
Diigeaveries on Elestro-Magnetisre—Tnglish Telegraph Elactrometers—
Magnetometers—The Da La Rive Ring, and other Experiments.

DBRCOVERY OF BELECTRO-MAGNETIEM BY (ERSTEIL

Tus art of tne clectric telegraph is based npon the selence
of electro-magnetism,  The brilliant discovery of this selence
was made in the year 1819, by Professor Clristian (Erstad,
of Copenhagen. '

In the year 1854, I visited Copenhagen, and the first object
of my euriosity was to see the laboratory of (Brsted. Through
the generous attention of M. Faber, the director-general of
the telegraphs of Denmark, my desire was gratified. 1 saw
the room in which electro-magnetism was discovered, and the
small compass that developed if.

Professor (Frsted was engaged in arranging some wires con-
nected with the voltaic battery, preparatory to making some
electrical experiments which he had in view. While thns
adjusting the wire conductor, he had in his hand & small
compass, some two and o half inches in diameter.  Bometimes
his hand, with the compass, was ahove the wires, and at other
times below them, He observed the needls of the eompass o
move, and his attention being onee directed to the develop-
ment, the discovery followed as a sequence. That discovery,
at the time, was made known in the following langunage, viz,
“ When a magnetic needle is properly poised on its pivel at
rest in the magnetic meridian, and o wire arranged over and
parallel to the needle, in the same vertical plane, and the ends
of the wire made to commmunicate, respectively, with the poles
of a voltaic battery, the nesdle will be deflected.”
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This was the simple announcement, giving the whole of the
discovery. It was enough to immortalize Mrsted,

Pig. 1 represents the discovery made by (Ersted, excepting
the needle s x is poised upon an exposed pivot, mstead of being
enclosed in a brass compass case.  If the wire charged with
an electrie ourrent is placed hori-
zontally over the com needle,
the pole of the needle which is
nearest to the negative end of the
battery always moves wesfward :
if it be placed wnder, the same
pole moves to the east. If the
wira be parallel with the needle,
that is, brought into the same
horizontal plane in which the
needle is moving, then no motion
of the needle in that plane takes
place, but a fendency is exhibited
in it te move in a vertical cirele,
the pole nearest the negative side of the battery being depressed
when the wire is to the west of it, and elevated when placed
on the eastern side,

Tn the example given by the fignre, the current is flowing
on the wire north and south, from a fo B, The needls s w
deflects from the parallel line, and the north pole a‘:f'f;hé neadls
will turn to the west, and if it be helow the wire, it will
turn to the east to the extent, respectively, as represented by
the dotted lines @ & and ¢ 4 in the figure.

The fores exerted by the electrie current on the magnetized
needle diminishes in intensity in proportion as the distance
between the current and ihe needle inereases. It has been
determined, as a law, that when the ewrrent is rectilinear, and
the length of the wire considernble, so that in relation fo that
of the needle, it may be regarded as infinite, the intensity of
the electro-magnetic foree is in farverse ralio fo the simple dis-
tance of the thing magnetized from the curreal.

Fig. 1.

MBEOVERIES OF RCHWEIGGER, ARAGD, AND AMPEILE.

Immediately afier the discovery of Rrsted, which was made
in 1819, and pnblished in 1820, M. Schweigger discovered that
the surrounding of a needle with many eoils of wire inereased
the deflecting power of the voltaia current. This improve-
ment was announced in the German * Literary Gazette,”
November, 1820, No. 206.  Since that time the arrangement
of eireling the wirs around a magnetized needls has been called
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“ Bohweigger's multiplier,” becanse it multiplied the power of
the deflection. Take a small aompass, abont two and a half
inches in disnmeter, and then wind around it=—in the conrse
or direction of the needle, norih and south=—fine insulated
wire. The turns may be two ar a hundred, and the principle
will be the same. Transinit threo the wire thus wooand
round the eompass, and the needls will rapidly leave its north
and south positions, and, if the eurrent be strong enongh, if
will assume the east and west directions. Reverse the eurrent
through the wire, and the needls will immediately change its
ition and point in the opposite direction to that first assumed.
prnove the carvent from the wire, and the needle will imme-
diately take its normal, or north and south position,

In the year 1520, M. Arago, of France, found that if the wire
which connects the two extremities of a voltaic bafiery be

Fiee, 2. plunged into fine iron filings,

a considerable portion  of

A‘-——m———n—n them will be attracted, and

will remain attached to the

wire as long as the cor-

rent continues to cireulate

theough it; on hreaking the ecirenit, the filings will imme-

diately drop off.  If small steel needles be laid across the wire,

they will be attracted, and on removing them they will be
fonnd to be permanently magnetized.

In the year 1820, Ampére, of France, made some important
experiments, and he found that two wires, throngh which
voltaic currents were passing in the same direction, attracted,
and in the opposite direetion repelled, each other. Upon the
theories of Ampére, Arago adopted the method of magnetizing
needles, He placed in s glass tube a needls, and wound
arpund the tnbe a wire composing a part of the veliaie eivenit;
ihe needle was magnetized. He also found that the polarity
of the needle, as a magmet, depended upon the direction of the
ewrrent around the glass tobe.  If a right-handed spiral, the

boreal pole would be formed at the end at which the current
antered, that iz, the positive end ; if a left-handed helix, the
bar acquired an austral polarity. The wire was wound around
the glass tube, so that ifs spirals would not tonch, In the
glass tube was laid an ordinary sewing needle,
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MECOVERIER OF BTUAGRON AND HENRY,

The next grand step taken in the seience of eleetro-magnet-

istn was by Sturgeon in 1825. He hent a piece of iron wire
in the form of s horse-shoe,  He
then insulated the ivon wire, bent
as a horse.shoe, by covering it
with varnish; and having thus
covered the iron o be magnetized,
he wonnd around it a copper wire,
and placed the spirals o that they
would not touch, in order o pre- :
vent the ourrent from passing i
from one spiral to the other with- I
out circolating around the iren.
The vesult was a complete suecess. The ends of the bent
iron wire were found to be magnetic when the cwrrent was on
the spiral wire; and when off; it was not magnetio. This
experiment was an advance of Arago and Ampére.  Fig. 4
represents the plan adopted by Sturgeon. i is an exaet copy
of the original drawing puh][ished n the “ Annals of Philos-
ophy,” 1526,

Upon the theory advaneed by Ampére, Arago coiled wire
around the glazs tube fo magnetize the needles; Stnigeon,
instead of nsing the glass fube to insulate the electrie copper
wire from the iren eore to ba magnetized, used varnish as an
insulator. Tt was a non-conductor, and separated the electric
wire from the iron.  Besides the mmprovement in the idea of
the insulation, he bent the wire in the form of a v, which was
a very important progress from the straight bar or needle,

Professor Joseph Henry, of America, in his philosophical
rezearches, in 1528, continned in 1829 and 1830, was led fo

Fig. 5, Fig. 6.

make farther advances, and he perfected the construction of
the electro-magnet as now known in the science. He con.
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ceived the idea of covering or insulating the wire, instead of
eovering or insuleting the iren to be imagnetized, as had been
dons by others. He effected this by insulating a long wire
with silk thread, and winding this avonnd the rod of iron
in close coils, ag is seem in fig, 5, fom one end ta the other,
The same principle was extended by employing a siill longer
insulated wire, and winding several strata Dmlﬂ- over the firsi,
care being taken to insure the insulation between each stratum
by a eovering of silk ribbon, By this arrangement the rod
was surronnded by a componnd helix, formed of many eoils,
instead of a single helix of a fow ooils,

In the peeuliar arangement of the coils, Professor Henry
advanced pew ideas,  Avago and Btorgeon wonnd their wires
not precisely at right angles to the axis of the rod, as they
should have been, to produce the effect required by the theory
of Ampére, bnt they wore placed obliquely avound the rod to be
magnetized ; therefore, each furn tended o develop n separate
magnetism not colncident with the axis of the bar. In winding
the wire over itself, as done by Henry, the oblignity of the
gaveral turns compensated each other, and the resultant action
was at vight angles to the bar.  The ends attained by Henry
were of the greatest importance. The multiplied turns of the
wire, and their peculiar conjunetive aetion in the generation
of magnetio force in the iran rod, were complete in suocess.
He fonnid that, after a certain length of wire had been coiled
upon the iron, the power diminished with a farther increase of
the number of furns,  This was due to the inereased vesistance
which the longer wire offerad 1o the conduction of elsetricity.
As an imnprovement, he inoreased the number of independent
eoila aronnd the v shaped vod, as represented by fiz. 6. Another
was to inereass the nnmber of cells of the battery to obtain a
eurrent of greater intensity, for the purpose of overcoming the
inoreased length of the wire, s0 as to produce o develop the
maximom power of the iron.  Fig. 6 represents the manner of
coiling aronnd the iron bar the ipsnlated wire in several inde.
pendent sections, Each of these sections was united with a
Cruikshank voltaic battery, The experiment proved, thaf, in
order to produee the greatest amonnt of magnetism from a
battery of a single cup, o number of helices s required ; but
when a compound battery is wsed, then one long wire must be
employed, making many furns sround the iron core.  The
magnetie foree generated, will be commensorate with the pro-
iectile power of the battery.

In describing the results of these e::?eriments, Professor
Henry has used the terms dnfeasity and quantity magnets.
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By the forrner is meant, that when a piece of soft iron, so sur-
ronnded with wire that its magnetic power conld he ealled
into operation by an {nfensily battery, the magnet was called
an ** dutensify magnet ;' when it was acted upon by a quaniity
battery throngh a number of separate coils, so that ite magnet-
ism could be fully developed, it was walled o # guantify
magnet,”  The terms are technical, and very appropriate.

Fig, 7 represents the Sturgeon magnet, a, and the Henry
magnet, 5, Aronnd the Fig 7
former (1) are wound the o
spirals apart from each
other—the iron core bes
ing insumlated, and the
enpper wire not insulated.
Avound the latter, B, the
wire iz insulated with
gille thread, and the eoils ;
ave muliiplied. This was ey
the mng:?ﬂt invented by o
Henry, and which at the time astonished the seientific world,
With the same battery, at least a hondred times more mag-
netism was produesd by Henry's magnet than eonld have been
obtained by Sturgeon’s magnet. The developments were eon-
gidered at the time of mueh importance in & seientific point of
view, and they subsequently furnished the means by which
magneto-eleatrieity, the phenomena of dia-magnetism, and the
magnetic effects on polarized light, were discovered. They gave
Tize to the varions E;f'ms of electro-magnetlc machines which
have sinee distinguished the age.  Upon Henry's electro-
magnet are based the various electro-magnetic telegraphs.

The following may be considered as laws relative to electro-
magnetism : )

1st. The magnetio foree developed in the iron is 1 propor.
tion to the quantity and intensity of the eurrent.

2d, The foree, if the current be equal, is independent of
the thickness of the wire or shape of the iron.

Ad. Within eertain Bmits, in a confinnms eoil wound in
layers, lilie a spool or hobbin of sille, the external turns are
az effieacions as those close 1o the iron,

4th. The total action of the spiral i= equal to the sum of the
actions of each torm,

Thus, by increasing the force of the battery so that it
intensity is angmenied twolold, threefold, fourfold, the fore
af the electro-magnet increases in the same degree.  OF ooars:
this foree will find its waximum in the eonduetibility of {h
metal employed in the voltaie eironit.
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RECAFITULATION OF TRE IMECOVERIES OF LLECTRO-MAGNETISM.

The diseoveries of Henry were published te the world in
1831, and were the snbject of diseussion among scientific men
o 'I::nr:rth continents, Sinee then there has not heen any advanca
in the prineiples pertaining to the mg:mzatmn of tha electro-
magnet, Mechanically, it has been bronght to a smaller size
and made more convenient for the purposes of its nse,

From the preceding it will be seen that the following are
the facts relative to the progress of electro-magnetism :

Ist, In the year 1819, (hrsted discovered that o magnetic
neadle would be deflected when situated near a wire charged
with a enxrent of voltaie electricity.

24, In the year 1820, Schweigger discovered that the
power of defleeting the needle would be increased by surround-
ng it with the eleciric wire,

3d. In the year 1820, Arago and Arvopére coiled around a
glass tube, ruif magnetized sewing needles flanacl in the tube,

4th, In the year 1826, Sturgeon insulated an iron wire bent
like a horse-shoe, and then wound aronnd it o copper wire,
When a eurrent of elsetricity was sent theough the copper wire
the insulated ron wire was magnetized.

ath. In the years 1828, "29, and "30, Henry wound an insu-
lated copper wire around an uninsalated ivon rod, shaped like
a horse-shoe, He passed n eurrent of eleotricity through the
copper wite, and the bent iron rod was magnetized.

th. In the sames years Henry increased the convolufions of
the insulated eopper wire, and on passing a current of elee-
trioity throngh the eopper wire, the magnetie power of the
bent 1ron rod was greatly increased.

The above presents the troe stats of the science of electro-
magnetisim before the invention of the electro-magnetio tele-
graph, of sither continent, as none of them can date earlier
than 1932,  Without the discoveries above deseribed, made by
Bturgeon snd Hemry, the electro-magnetie telegraph would
still be in the womb of ime, awaiting the allotted hour for its
birth—distingunishing, for anght we know, a generation yet
unborn, instead of, as it has done with singular grandenr,
“the age in which wa live" e i

Fig. 8 sents the magnet as applied in the telegraph,
Tl \Evirer?ﬁnaul&tﬁd withagsi!k, and l:‘i.wl:l:nrlnlt;l aronnd thagr??nn
bar. Fig. 9 iz another form adopted in the making of the
magnet, The insalated silk wire is wound around hard rob-
ber spools, and the U-shaped iron is moveable. One of the
advantages in the use of the moveable ecores eonsists in the
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facility of demagnetizing them when charged with permanent
reagnetism, -

The attention of the student of telegraphing shonld e
Fig. &,

directed o the proper arvangement of the wire around the
cores,  The wire should be well insalated, wonnd as regular
as possible, and in the dircetion indicated by the preceding

fignres. T onee knew the working of a station to be hindered
by the operator re-winding lis wire, so that the magnefism
could not be imparted to the iron. The arms should be
wonnd, as represented by fig. 7.
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ENGLIEH TELEGEAPH KLECTROMETERS.

The English electrio telegraphs are organized upon the prin-
ciple of Schweigger's multiplier, and so true is this, that Mr.
Cooke in the invention of the firet needle telegeaph adopted the
muftiplier,

Arago used ordinar ﬂf needles in his glass tubes, and they
weare I o coiling of the wire amu_nd the tubes,
but the pnnmpla in thﬂ use of the needles in the English tele-

graph is precisely the original (Hrsted discovery, as extended
by Schweigger. The latter multiplied the eccils around a
magnetic nesdle, which was eansed fo move, as seen by
(Hrated, whenever the wire composing the eoils was charged
with electricity.

Pigure 10 represents a Schweigger muliiplier improved by
mechanisin ; @ & are two coils, thromgh the interior of which

Fig. 10,

swing a magnetized needle. When the enrrent traverses the
coils, the needle changes its position from a perpendicular to a
horizontal, or fo the extent influenced by the current. The
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exterior needle 2 may be magnetic, or it may not be, Tt is

Fiz. 11.

'uw i

.h '_

U! ‘ u“ il
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¥ig. 13, often made of light maﬁ‘ia], 20 0

to easily swing npon the same axle
with the inferior needle.  This in-
strument is called an * Electrom.
ater,”

Another view of the electrometar
iz represented by fig, 11, showing
the coils & & and the needls sos-

ded between them. © . oare

inding serews fastened o the frame
vn, 'The line wires are fastened to
L L. o is o brace band to hold the
coils of fine wive 4 . The arvows
indicate the route of the voltaic
current.  Hig, 12 represents a side
view of the same mstment. To
the right iz seen the needle and its
pnl&rif?' s x; in the interior is seen
the ofher magnetic needle and its
polarity = 27 the arrows indicate
the route of ihe wvoltaie eurrent.
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Fig. 13 represeniz the face of the electrometer nsed in nearly
all the Furopean telegraph stations. Thisis a small box about
five inches square, with a glass cover. The index finger acts
co-operative with the needle suspended between the enils, and
its movement to the right or to the left indicates the quantity
of the current and its polarity, whether negative or positive,
It wonld be a useifnl instrument on the American lines. A
this time, there 15, perhaps, not one in vse on any of the lines,
iar hos there been sinee the experimental line of 1544,

TFig, 14,

FELECTROMETERR GENERALLY.

Fig. 14 represents another form of an electrometer.  The
wire Is wonnd around a frarne not given in the ﬁlﬁﬁra, The
needle 5 & rests upon o pivot on the stand ¢, o battery
wives are fastened at the binding posts 4w, which connectwith
wires near ¢ p respectively, The wire is wound npon the sams
principle as in the making of the magnets hereinbefore men-
tiomed.  When the eleotricity passes around the cofl, the
needle moves to the right or to the left, according to the course
of the eurrent,

Tig. 15 represents an upright electrometer.  The principle



MAGNETONETERS, 1256

of this instrument is precisely ihe same as the one above

deseribed. Tt is nearer the sinple multi-
plier devised by Schweigger.

Fig. 16 represents the compass form
electrometer.  The coll of wire is made to
surronnd an ordinary pocket compass, and
the sirength of the electric eurrent is
measured by the deflection of the needle.
The eirele is divided into divistons as mi-
nute as may be required for the purposes
of itz use, It is a very convenient instru-
ment, and will be nseful in the praciios of
telegraphing,

Hig. 17 represents the most delicate form
of electrometer. Tt is ecapable of heing
mfluenced by the slightest presence of eleo-
trieity. On the base are placed two coils
of wire, as represented by fig, 10, between which is snspended
n delicate magnetic needle, with its mafe or index needle
above n dial plate. The needle is snspended by a cocoomn
thread from the fop.  Over the whole is placed a glass cover.
If there iz any electricity i the onils, the ndex nesdle will
exhibit it and the quantity. :

MAGRETOMETERS.

Various eontrivances have been made to measure the mag-
netic force of electro-magnets. Fig. 18 is one gotten up by
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Mr, Charles T, Chester, of New-York, as an attachment to the
elsotro-magnet nsed on the Morse telegraph.  The ends of the
poils are seen below ;) the measurement zeals i seen above,
The armature of the magnet is commected with the index
finger, and the slightest magnetie influence will be exhib-
ited. '

Fig. 19 represents Hearder's magnetometer.  a B is a strong
base of wood, abont four feet leng and one foot wide, to which
are attached four levelling serews; v D are two sbrong ron
nprights, firmly serewed info the bass and connected at the
top by a stont iron cross piece, &, having a hole in the eenire,
through which passes the screw, ¥, of the strong donble sus,

Fig. 10.

pension hook o, Two ivon nuts, w #, serve to fix the suspen-
sion hook at any height. 11 i= a light and delieats, but strong
steel yard, heing gradnated on one side to correspond with the
distance between the knife-edge x and m; these are respec.
fively one and two inches apart. Different weights may he
employed : on the arm v is a vest to support the long arm of
the lever, and it is capable of being adjusted to any height by
a tightening serew in the hollow socket o, The different parts
of the soale are marked by letters, each of which will be readil

understood by the reader. The magnet, v v, is wound wi
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the conducting or electric wirs ; this arrangement will give
the strength of the magnetio foree. It can be made upon any

Fig. 17.
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required geale, and its application in testing the strength of the
magnets for telagraphic purposes might subserve a good end.

Fig. 19.

Before concluding this chapter, T desire to nofice a few
experiments, having in view the further illostration of the rela-
tive forees, electricity and magnetism

DE-LA-RIVE RING AND OTHER EXPERIMENTS,

Fig., 20 represents the De-la-Rive ring. s w iz a permanent
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maghet; ¢ s a coil of wire fastened to zine and espper pieces,
wlieh are placed ina vessel of acid.  An eleetrie current is
generated, and traverses the eoil ¢, as indieated by the arrow,
The vessel o, with the eoil o, floats in a howl of water. When
the magnet x is placed near the bowl, the ring ¢ will be
repelled or attracted, according to the polarity of the magnet
directed toward the ring—the electric coil moves from or to
the maore powerful parmanent magnet.

Fig, 21 represents a spival wire suspended. The lower end
is eonnected with a mercury eup. A enrrent of electricity is
made to traverse the spiral.  In fig, 22 a permanent magnet is
placed in the spirn). The moment the magnet s thus placed,

Yig. 32

=~

%

TV

the spiral wire will move up and down, opening and closing
the cirenit in the meroury cup. If the battery is strong, a
blue flame will be rmade wien the wires come in contact with
the mermry.

Pig. 23 yepresents the mede of eomimmicating permanent
magnetism to o steel bar by an electro-megnet.  x s s a steel
Yar, which is drawn {rorn the bend to the extremities across
the poles of the electro-magnet in snch a way, that bath hal?es
of the bar may pass at the same time over the poles to which

they ave appliad. o
gig. 24 represents the primipl; of axinl magnetism, invented
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by Professor Charles G, Pages, of America, FPor the P]‘%EN of
explaining the principle, the following will suffice. coil
consists of a nmmber of layers of wive, and has a small central
opening.  An iron bar within it becornes strongly fnag-
netie.  When the eoil is in a vertical position, the iron bar is
sustained within it in consaguence of the force with which 1t is

Tig. 25.

drawn toward the middle of the coil.  'With a large battery, a
eonsiderable weight may be suspended from the bar without
any visible support  The action of the coil is the same, except
in the amount, as that of a single cirenlar tim of wire. At
any two points of the eirele, diametrieally opposite, the divee-

Fig. 34.

tions of the enrrent ave also opposite. The resultant of the forces
exerted by all the points, tends to bring the centre of the mag-
netized bar within the civele.  The action of all the circles ot
which the helix iz composad draws the bar into i, unfil its
middle lies within the middle of the helix, in which position
only can the forees nentralize each other. This is termed an
“ axial magnet.”

The axial magnet performs an important part in the House
telegraph, the particular construction of which I have fnlly
described elsewhere in this werk.,  The American apparatns is

the only telegraph employing thiz species of magnetio action,
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It has subserved the purposes of its introduction, and acts in
heantiful harmony with other ﬁrts of that most wonderful and
beauntiful combination of mechanisim.

It is due to the memory of the lamented Alfred Vail, to
acknowledge that he rendered great servies in the discovery of
the phenomena of axial magnetism.  He institated a sevies of
experiments, and promulzated many of them to the world.



