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IMPROVEMENT IN -mmjomou—com APPARATUS AND IN CIROUTT-BREAKERS.
'a':l;r Schedule r‘duttﬁvtq' i these Fetters Patent and making part of the same.

T0 WIOM IT ’\{Al CO‘ICLR.N

Be it known that I, CnARLES GRA¥FTON l’Am :y of Washm«ton, in the District of Colmnbm, have xnvented
certain new and useful Improvements in Induction-Coil Apparatus and Circuit-Breakers; and Ihi "by declare
the following to bc o full, clear, and exdet dclcrnp ion of the same, rcfercnce being had to tho's accompnnylng

“dyawings,

" The mduchou-conl cousnsts of 'S metulhe conductor, ( copper is generally preferred,) in the form of wire,
rouid or othérwise, or a flat’ strnp ‘af wetal; coiled up in the form of, a helix-reel, or.bobbin, as it is sometimes
ealled, ov i the form of a fat spirval, the helix or boblin or spiral usually having a centrul or core—opemng in
its axis to adwit of thc introduction of a bar of iron, or bundie of iron wires, -or othcr form of irolr % The wirc -
or strip ‘of wetal is covered witle cotton, silk, o some insulating-substance, or some msuhung—mnterml isintre-

“duced between cach turn of the ‘wire, or sometimes the wires are mcrcl) spaced, that is, ¢ach tarn separated by
',&snnall interval, and an insnlating-substance placed between cach layer. This wive ér strip may be of the same
- size throughout its lesigth; or; in the case of wires; two wircé may e used, otie of greater diameter than the
" -other, uml of wuch lces length ; or, in tlte casc of strips, onc strip may be thinner and lon"cr than. the otlier.

When the wire or'strip ix continuons throughout, and its entire lcnwth is meludcd ina ggl\'gxuc cn‘cmt, it is.called
n.snnplc primary coil or cireuit. When the galvanic carrent passes. through ‘such primary epil or circvit, «
. momeaary current, of induction is st up in the wire or strip, contrary to the direction.of the-galvanic current;
“and causcs resistauce to it. This current is called the initial secondary current.’ When- the g\lvamc carrent’
is'arresteld in the wive ot strip, anothér momentary current of induction is set up in" the wire, baving tho same
diregtion as the galvanic currcat. ' If-the battcry-curtcut be strong, and the wire or strip of considerable length,
when both ends of the wire are grasped, onc'in each hiand, an clcctnc ghock is felt at the: moment the galvanic

-current is arrested in the wire, 'uul the strength of the shock bears some proporhon to the strength of the gal-
.. vani¢ current, and the'length, sxzc, and mmhtlon of the wire. Tlus current is called the terminal secondary,

but generally the “ extra current,’ aud the shock issan clcctrmtauc effect, indicating a current of lugher inten-
sity than that of .the battery which produced it. = - v

These shocks are administered to the humon system for the cure of mnny discases, and as it is imf)ortant-
that they should be produced in rapid succession, and without mechanical aid from the operator, I have com-
bined with said coil an instrument or machine, hercinafter described, for arresting the galvanic current with
rapidity, and without assistance from the operator, which machine X call “the automatic circuit-breaker ;" and to
this end I baveinvented a variety of furms of such circuit-breakers, whick will be found usefal for such par-
pose, same of which will bo hercinafter dczcribed. T have also sometimes found it expedicnt to combine with
such coil an automatic and a mechanical circuit-breaker both, using for such mechanical cucmt-brenker o spur
or rag or sprockct-wheel ‘revolving against & conducting spring pressing on the points of tho spurs, or a bar or
stnp of metal, with o coarse or msp-hl\o surface, over “luch a'wire is drawh by kand. The sprmg, pressing
upon the pcnpho\v of tho wheels or their teeth, and the wheels themsclves makmg part of the same circhit
with the coil, the citeuit is broken each timo the spring passes from onc tooth to another, and so with the wire
and rasp, whicl it is not necessary to deséribe further. The introduction of iron into the core of said coil or
spiral increascs the intonsity of the shocks. It was found, however, that a simple primary coil, on account of
its great Jength, rcquued too much bn.ttcry-power to producc strong shocks, and I have thereforc contrived 2
two-circuit maching, in ‘which there is a primary and o sedondary circuit, the primary circuit, which is compara-
tively a short cirenit, xnd is to transmit the battery-current, and a sccondary cireuit, of many times the length
of said pumar) circuit, and is to furnieh the shocks and clectrostatje effects.

By tliis arrangcment a small battery of low mtenexty may bo made to prouucc shocks of grest power and
high intensity from said secondary circuit. If the wiro or strip of metal is continuoys throughout, then, by
lmvm« a metallic connection mado with only 2 small portion of the coil, o that the galvanic eurréent may be
sent thruuoh that portion which is cnllcd the primary circuit, the shock may ba taken from the cxtreme ends
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of the whole coil, or fmm the secrndary circuit or portion thercof, which is longer than that of the primsry cir-
cuit, or portion conveyingthe battery-current. The shock is stronger. by inclading-the whole coil between the
hands, because we have thecombmcd effects of the two circuits. Thxs result is the same, whether the wire be
of the game size throughout, or whether-we use a large wiro for the. ‘primary cireuit and a small'wire for the
secondary circuit. For the purpose of graduating the shocks, & number of metallic connections may be made
at different points in the length of the whole circuit, and thus eny desired length of circuit may be included
between the connections ta be grasped by the hands, and any desired strength of shock given. And thus, also,
the portion included in the battery or primary clrcuit may be varied ot pleasure. ‘This construction is shown
in Figure 1. It is, however, generally preferred to have but two e\reuxts,vxz, a primary and secondary circuit.:

The figure represents a vertical section through the niiddle of ‘s flat spiral of  copper ribbon, coiled in the
manner of & watch-spring, thh varnished silk, cotton, or paper betweon cach turn of the spiral. Itis enclosed
in a box, and has a metallic stem sonnected with the central end of the ribbon, rising through the cover.of the
box, and supperting & large cup,’ ;~'des:gned to Liold mercury. This cup is best ma.de of glass, s0 a3 to exhibit
the induction-sparks to advantage, whlch are produced exch tune the bcttery-clrcmt Rs broken at the surface of

. themercury. : :

The spiral ‘e several smaller. cups, ¢, attncned to. mctallxe stems co'mocted thh various parts of the
spiral at different distances from its centre. .By plaemg one pole of lhe battery in connection with the central

. cup P, andﬂ:e other pble in connection with the other ¢aps ¢, successively, the slmcks and other -electrostatio
effecis will be fonnd to increase, the farther from the centre ‘of the coil ‘the connection is’ formed whenever said
connection is broken. - The battery-current ‘may, be' passed ‘through the part included between ¢ and P, and the .
shocks and electrostatic effects derived from the whole 001' or any portton tbereof mcludmg the pnﬂ. oonveymg
‘the ba‘tery-circuit or not. -

) “When the portion of the coil is ontsxde of or oxtra.neons to the bauery-cltcmt, as the part betweem the cup
¢, next the central cup, and the cup connected with theouter extremity of the spiral, or any portion ircluded
between such middle and outer cup, then this portwn is called tho pure sccondary elrcmt, ‘whether it be inde-
pendent or metalhcally connected with the primary ¢ circuit. Itwill be found more economical of space, and

. more advantageous in regard to the pewer and mtcnalty of ﬂlc secoudary cu‘emt, to mn.l:e it of miuch thmner
metallic ribbon than the primary circuit.

R represents o rasp cireuit-breaker, consisting of o coarse rasp of metal, to Bo counécted with the eontr.l
cup, and then the circuit may be broken with :apldxty by drawing ‘kc pole of the battery over this rasp, whica

- also makes part of the main circeit. The mechanical cirenif-breakers, duch us the spur-wheels, are used witt
efficiency with the primary in. this case. The mechanical circuit-breakers aré so-well -anderstood, aud now so
generally in disuse, that it is not neeessary to deserjbe them more partwnhﬂy. The representation of the rasp
"R is tho type-of them all. Thus this instrament has within itself tho meaps of graduating the power of the
shocks without changing the force of the battery-currerit. ™~ It 1s,-however, generally preferred for simplicity
to have bat two tircuits, viz, s primary and eno secondary circuit, regulating the shocksby other means, and to
make the primary of coarse wire, usually of copper, choosing such size as may-be suited to the intended size
of the coil, using from No. 20 wire up t6 Ko.'10, or ¢¥en larger, the larger sizes being used for large coils,

The wire is insulated, as befors mentioncd, and usually wound in & cml or hehr, on iwo, three, or four
superposed layers, leaving a core-spave in the axis, a3 beforc deseribed. This is shown in Figure 2, where A
represents the coil fixed to s stand. .~ This eoil has threo or four layers of wire, and the opposite ends of the
wires pass down through the baseboard B, and arc eonnceted respeetivély nndcrncnth the board to the bmdmg-
screw cups, C D,

The enclosed elcctro-mnvnet, m, i3 scen pro_]cctmg aLo\c the" ceil, ind is compescd of alundle of loft-nron
wires, separated from the primary eoil by s layer of ‘some insulating-material, such ax varnished cotton, or silk,
or oiled sil%k, or any known irsalator that is nppllcable € the wires are clean and bright, it is best to varnish
them. Extetior to the primary is the sccondary coil, 8. This coil is' made of fine wire, from a thirtieth to a
hundredth of an inch in diameter, and of greatleongthi as compared with the primary-coil. At first they were
made of onc to three thousand feet, but at the present day-secondary colls arc made somotimes of the immense
length of fifty to cighty miles and upwards. 1t is important to insulate very carefully tho individual spires or
turns of the secondary wires by vainishing with soletion ef shellac, and-also to separate esch layer from the
next by 2 thick coating of shellac or hyers of oiled s1lk or varmshed paper, cotton, or other smtabfe msulntmg-
meaterial.

" This careful msalatnu is o' "aportance in pxonortlon to the size'and power’ ‘of the coil. - For smaﬂ “coils
it may be neglected to a great extent, and a very. energctlc coil mey be made when of small size, say three inches
in Tength, by using silk-cgvered wire without varnish, using only oiled silk or “varnjshed paper between each
layer, or even a good coating of shellac varnish between cnch layet; in which casc cotton-covered wire may bo.
used. " ‘The wire may be of iron or copper, tho latter being preferable in most éascs. .

The sccondary -coil 4in fig.'2 is provided mﬂx caps, P N, made of meul or wood, the lattcr, or somo
insulating-substance, being. preferable, and the cxtremities of the wire of the coil are counected with the
binding-screw cups u ¢, 1nscrtcd in or attached to these caps. . The secoudary coil is nl*o well lnsuln.tetl from
the primary coil by intervening layers of insulating-material. ‘

The rasp circuit-breaker R consists of - bar of brass, ivon, or other meta\ ha.vmu a coarsely-serrated sur-
face, and suspended upon the short pillars & . Mounted on one cnd of the st:md is an automatic circuits
breaker. It consists of a swall cléetra-maguet, T, for the coil of which onl_y a few fect of insulated wire are
required, and the extremities of this wire pass down through the base- board, as shown in the drawing, and arq
gonnected underneath with the civeuit-wircs. The armature @ of the magnet is attached to a lc\olvm" shaft,
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e, which Las its lower bearing on the bend of the magnet, nd its upper bearing in the adjustable pivot-screw
~d, supported in the frame or yoke %, conneeted with the polés of the magnet. Two light spring-wires; = 2/, -bear

upon the sbafte. The upper one, z, beara upon a cylindrical part. of the shaft, and 2’ upon whatis called the cut-
off, cansisting of two projections of ‘metal from opposite sides of the shafi. The operation of this cut-off and

" circuit'breaker is best undeistood” by reference to a detached view of the instrument in Figuré 8, where the

cut-off is a eylindrical piece'or ferrule of. metal, slipped over. the. shaft, the upper portion of it being entire,
for the bearing of the upper Bpring, 2, and tho lower portion being dissected, having two metallic portions.pro-

“jecting on opposite sides, and the interyening porﬁQus_ﬁHegl up with wood, ivery, or some¢ non-conducting mate-
“rial. -One extremity of .the wire.coil is shown .in connection with binding-scrow cup g, and the lower end of

spring't is in_conncction with scrow-cup.c. - The spi,xjdl_qvor'.v‘ shaft of the armature 4 revolves within a tubular
socket or bearing, ¢, supportéd upon thy wooden or ivory disk 3, supported between the branches of the elentro-

- If, now, we supp ‘that one’pole of '{a;%@l_’vanic battery is connected with cup a, and the other: pole with

“cup e, and the spring ¢ reving upon the mefallic. division of the cut-off, the galvanic circuit will be complete

throughout. ‘The current, as indicated by the arrows, will pass up the wire-connection @ of the <¢oil or branch
¢ ' g downward: through this coil, will ‘pussiacross. to tho coil or. branch &, through connecting-
ulating upward through this coil, will pass out through the wire spring z, which terminates
his coil; idto. the wholo” portion of tho cut-off. on. the shaft of the :armature, thence through
sectional portion into spring , thence downward. to cup 7, and 5o back to tho battery. The

"~ effect of this passage of the ourrent will bo to, charge the clectro-magnet, which will attract the armature, so

as to bring its ends’ directly over-tho poles of tho magnot. Just beforo it reaches. this. position, the spring ¢
has passed out of metallic conncction with-the cut-off, by leaving tho metallic. projection, and the galvanic-
current being thus interrapted, tlic magnetism ccases, and allows the armaturo.to swing round by its momentam
s little more_ than a half. circle, and the opposite projection coming against. tho spring ¢, again cstabliskes the
circuit. The movement of tho.armatureis repeated, and ezch timo with rencwed impalse, until it gets into very
rapid motion, thus breaking and rencwing the circuit sutomatically. Now, if the circuit of this instrament'is

_made. part of the circuit of the primary coil, it is evident that its circuit will be broken-rapidly, and at éach

‘break o shock will be felt upon touching tho cxtremitics of the sccondary coil 8. If the ends of the wires
connected with the cuffs of coil S are brought.near to cach other, sparks will pass between.them, at each rup-.
ture of the primary circuit; and a Leyden jar may.ba charged by them, otie of the wircs -connacted with the
knob of the jar being insulated from the hand, and shocks may be received from the Leyder jar, - Otherelec-
trostatic phenomena may b4 exhibited by the induced -carront from the -secondary.oil; ini‘l'pp:;':k‘s_j'xid_,othe{
indications obtained, even from one end.of its wire, if it be insulated. SRR L . ’
" In order to operato thd rasp or mechanical circuit-breaker, it must be connected with one eud of the circuit
of tho primary coil, 2nd a wire, connected with the other. end of the circuit held in the hand, is drawa over
its tecth, cach tooth operating .as u circuit-breaker, and shocks and other indications may be taken from the
secondary circuit, as before., ‘ Instcad of the straight rasp, a spur, rag, or cog, or sprocket-wheol may be used,
aud . turned by hand or otherwisc, and in this case il}c terminal wire which was held in the hand is fixed to

the base-board; aad so as to press upon the periphery;of the spur-wheel.

It will be found, generally, that the harder the pressure upon the rasps or wheel with the wire, the stronger
the indications from the secondary circuit,and that a certain ‘degree of rapidity is necessary to insure the maxi-
mum effect. * If the interraptions are too frequent, the shocks may be diminished, as the coil gnd magnet do
not get time to reccive a full charge from the battery between the interruptions. The maximum rate of inter-
ruption is to ba determined in each case by experiment. _As'a goneral rale, the larger the instrument or coils,
the slower mui bo the rate of interruption, - R " '

" Tostead of a bundle of‘iren witesiplaced in the axis of the coil, the magnet may consist of thin plates,

~-as shown in Figurc 4, zud the plates may bo made to adherc by varnish between them; or a piece of thin shect

iron, rolled up into a s‘croﬂ,vas' shown in Figure 5, may be used, the surface of the iron being covered with var-
nish; ora bar of iron; divided by a longitudinal furrow or groove down to its axis, as shown in Pigure 6, may
be used. The bundle of “wires is, however, the preferible form, as shown in Figure.7, the bundle, or JSasciculus,
as it is sometimes called, being bound or wrapped with some aon-coriducting material. This specics of magnet
L call the compound or divided clectro-inagnet. The bupdle may sometimes: be left movable in and out from.
the coil, as its movements or degrce of insertion in-the coil regalates the force of the shock aud the develop-
ment of the electrosfatic properties of the secondary circuit. - In the case of the remedial application of the
instrument, this mode of regulation is very convenient, . .

The secondary coil may also be made movable longitudinally, or in the direction of its sxis, and this move-
ment will also regulate the force of the secondary current. If the secondary coil be made shorter in the direction,
of its axis than the primary, it will furnish more powerfal currents when'it occupies the middle portion-of the
primary than when towards-cither end, as set forth in Davis's Manual of Magnetism, published in Boston, edi-
tion of 1842, page 180. N ) : ) . .

Instead of a revolving armature for a circuit-breaker, a vibrating-armature msy be substituted, and the
latter will be found more ‘convenient, for severzl reasons. One especially is, that it can be readily adjusted so
as to increasc or diminish the rate of interruption of the circuit, and the force to be overcome in working it.

A vibrating automatic circuit-breaker, consisting of a very small electro-magnetic bar, vibrating betwoen
the arms of a permancat magnet, the magnet changing its poles at each vibration, the length of vibration of the
bar being regulated by a sct-screw, makes o good circuit-breaker, and will be found fully deseribed by me in
Silliman’s Journal, volume xxxii, page 355 to page 858, in a communication dated Aypril 19, 1837. Thisspecies
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is, however, not so simple ag others, and farther allusionita'it is not necessary. A vibrating-atmataroe is pref-
-erable, as it requires no change of poles to effect its- motfon, this being produced by merely int’erceﬁting ‘the
galvanic current at suitable intervals, T I
- One form of vibrating-armature is shown:at Figure-8. A small rod of‘goft iron, about the size of that
shown in the figure, is mounted upon.an axis or shaft, s, which is supported™in suitablo bearings upon two pil-
lars, 7, 8- as to vibrate freely. * A small eloctro-magnet is supported upon one of these pillars, and the arma.,
ture is placed between its branches, so that one end is above snd the other bolow the plané of the magnet.
One end of the armature bears a branching coppet wire, its ‘branches passing down into ‘mersury-cups ¢ ¢’.
- Cup ¢ may be partly of glass, so that the Play of- the' end of the branch wire'in and'out of the mercury in the
cup msy be seen, aud the sparks produced on-bréaking tho pircuit Féndered visible: When the magnet ischarged,
the armature is attracted towards its poles, and around the ends of ‘the armatuto. is'a ferrule, of thin brass or
non-magnetic metal, to prevent-magnetic adhesion of the armature to'the magnet, ' _ _
The galvanic connections are under the bass-board, and may be traced as follows: Oac pole of the battery
being connected with cup p,-and the other-with cup n, the carrent will pass along from cup p to cup s, as indi-
cated by the arrow, thence upwards through one’ branch of the wire, and downwards through the other branch
into cup ¢, thence upward .again into one end of the wire, around the electro-miagnet, and, circulating around
the wire coil, will pass out through the other cnd to cup 1, aad 50 back'to the battery. The passago of the
current charges the magaet, lifts one end of the armatars; raises the braach wire from the mereary in the cups
¢ ¢, and breaks the circuit. * This'end then falls by its weight, the branch wires overbilancing the other end,
the circuit is' again completed, and thus it may bo broken with greaf.rapidity. | TS
- Ao adjusting or set-serew may be placed on a suitable support oter this end, aftor the manner of the last. .
named vibrating circuit-breaker, 80 as to regulate tho cxtent of tho vibrations, “The weight of this end, or what
may be denominated its retractile. for'ce,'may‘a‘ls‘b be regulated by a small moveble weight placed on or over .
this_half of the armatire, after the manuer shown in Figare 10. This circuit-breaker is introdaced into the
cir¢uit of the primary coil in the same way as the revolving armatare. I B
. ;A wmore simple form of vibrating-armature is siown in Figure 9, in which- the armatuce # vibrates to and
from the electro-magnet d d in'a direction parallel to itself. It is attached to o light brass spring s, fastened
to pillar 2. - This spring passes through an epening in the yoke i, on " the top of pillar 3. At p is's tip gr
saiall disk, of platinum, soldered to the spring, which @sin contact with the platinam point on the lower end
of set-sorew &, passing down througl ‘the top: of theyoke. Sot-serew of is accompanied with s tightening-
Aty 8. This set-serew regulates the proximity of the armature to the magnet, and to some cxtent the tension
‘of the spring and the rapidity of its vibrations. ‘It will be scen, bowever, that the regulation or adjnstment is
imperfect, for a3 the spring is pressed down towards the magnet, tho armature is-brought nearer to the magnet,
and as the attractive forco increnses more rapidly with the diminution of tho distance between-tho armature
and ofagnet than does the force of the spring increase; the adjustment is-in a moasure defcctive. :

" If we now suppose the magnet d d to be connosted with the battery and cliarged, and that ths circait with
the battery is made by the current] passing’ up pillar 2, thence into spring s, thence into fet-screw 42 and pillar
3, and thence.through. the wires of the elgctro-magiiot back to tlic battery, the magnet will draw down the
armature, and with it spring s, and thus break the circait by pullifg the platinum disk away from the platinum
point on the lower cnd of. set-screw &> On breaking the circuit, the magnet loses its power, and the spring
rises and completes tho circuit again, the magnet is egain charged, and the armature drawn down, and breaks
the circuit again, and thus a very rapid gcries of vibrations and interraptions of the circuit may be effected. It
is evident, therefore, if the circuit of this breaker bo included in‘or form o part of the main circuit, which passes
through the primary coil, that ot each break an indueed current will be set iap in the secondary coil, as with:
the other circuit-breakers. . . : : .

The above circuit-breakers, it will be seen, ure sll independeut or detached circnit-breakers, that is, they
sach require an extra elestro-magnet with a circait of its own, and this, of course, consumes a certain portion
‘of the battery-power. To avoid this objection, I have invented ar attached circait-breaker, in which no inde-
pendent or extra magnet or coil is wsed, with-an adjustment to regulato its retractile force, and tho distance
also from the magrstic core of the helix—two important featares, particularly tho first named. This device is
shown in Figure 10. * The coils ¢ are secared to a base-board, and enclose a bundle of soft-iron wires, seen pro-
jecting slightly at a. - : ’ ' .

- Betwoen the twopillars z is suspended the vibrating clectratome, or what is now called the hammer circuie
bresker, ¢ is & small cylinder of soft iron attached to one chd of the stout copper or brass wirc ¢, which pascrs
through or.is otherwise secured to the vibrating-shaft & The other end of this wire dips into a mercury-cup,
m, fired upon tho metallic strap 8. This cup is of greater sizo than mercury-cups used for mere connections,
and the upper portion. of it is of glass, for purposes of observation of the spark and other indications.- On the
strap & is another mercury-cup, of brass, into which descends a branch wire, A, from the vibrating-wire e.

Arising from the shaft k is & stiff brass wire, in the form of a bent lover, carrying apon its horizontal por-
~tion o a ball, f, which is movabls on « serow-thread from end to end of portion 0. It will be scen that, ag the
ball is moved toward the ‘extremity o, it increases the weight of the Tong.arm of wiro e. T

If we suppose the coils and magnet to bo charged by the current from the battery, and that the current
passes from strap b to &, through the wire ¢ and mercury-cups, the magnet @ will attract the hammer-piece g,
8nd, in go doing, will lift the cnd of wiré ¢ out of the mercary in cup n: and break the circuit; ‘and e, falling by
its own weight, its end will again dip ingo.the mercury in m, re-establish the circuit; the magnet will sgamn wrt,
and thus s succesgion of vibrations and mterruptions of the circuit will be produced. The marner of making
‘the connections to establish such a circuit.through the primary wire, and through the wirc ¢, will, of course, e
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readily understood by any one skilled in the art. Thus it will be scen that no extra circuit or maguet is requirea
for 1tfs, which is called the attached circait-breaker, and the full cconomy of battery-power is realized.

As the weiglit f is farther removed from the centre of vibration, tlic more magnctic power will be required
to move the hawmmer g; its distance from magnet @ remaining the same, the greater is’its retractile force, and
the more suddenly and completoly will the circuit be broken in cap m. The distance between g and a can be
varied by slightly bending the wire'e. - , X - _

Ag'it takes time to give a maximum chiarge to magnet a, which is more appreciable in the larger coils, the
hammer g should not move too quickly, and break the circuit before its maximam power is developed. Hence
the great- importance of regulating its retractile force, or the resistance to be overcome before it will be moved
by the atiractive force of the magaet, 5o as to obtain the maximum of clectrostatic cffects from the secondary
coil. This circuit-breaker has also another very important feature. ] ' -

In order to increase the intensity of the secondary circuit, and its clectrostatic powers, a non-conducting
liquid, such- as -pure-watéryalcohol, oil, turpentine, naphtha, (many others may be used,) is.poured upon the
surface of the mercury, and, when the circuit is broken under this liquid, the terminal secondary current of the
primary coil is, iv o great measure, stopped by the non-conducting liquid, and the consequence is a sudden -
‘arrest of its magnetizing influence upon the core or magnet a; and the more sudden and complete is the reaction :
in the magnet, the greater will be its effect upon the current in the’secondary coil. For this feason, this is also
called the spark-arr;esting circuit-breaker, for the scparation-spark of the primary coil, which was very bright
and voluminous without the liquid, is; to a great extent, arrested and neutrallized by its presence.

As the secondary current becomes very intense with long coils, eare in insulation is necessary, and to this
end I have formerly mounted the coil on & stand of dry varnished wood, as shown in Figure 11, where « is the
stand; b, & strip of baked wood, varnished, to which are attached the parts of the electrotome or circuit-breaker,
sndthe cups ¢ ¢ for the terminations of the secondary circuit; the coil being secured to the stand by straps of
wood instead of ‘metal, as'in fig. 10.- The cups e ¢ are for the primary-coil connections, and the general man-
sgement and opergtioh of the parts are the same agin fig. 10. - : )

Instead of having the wire ¢ to dip into mercury-cup m, its end may be tipped with platinum, and strik e
upon a platinum disk soldered to strap?’, fig- 10, or the arrangement may be like that of circuit-breaker, fig. 9,
substitating the. hammer-piece g, fig. 10, for tho armaturo 5 on the ond of spring ¢, fig. 9; and the end of  wire
magnet g, fig. 10, for tlie little clectro-magnet d d, fig. 9. 'Tho only other change would be in the posjtion of
springs & and the pillars 2 3, 50 as to allow the hammer-pieco g to vibrate horizontally to and from the end of
the magnet. This is all showa in Figare 12, which, with the foregoing description, needs no further explana-
tidu or illustration, the drawing plainly showing the chango of position of the parts.

The spark-uarresting circuit-breakers may all bo used as independent or detached circuit-breakers, and
these, and likewise all the independent electro-magnetic instruments hitherto usod and described by me for
opening and closing circuits with other iistruments, may be operated by batteries separate sud independent
ftom. thie batteries which operate the circuits to be opened and closed. In fact this often becotes necessary
when_ the circuits of .the two instruments are largely disproportioned in leagth. In using, for instance, the
electro-magnetic circuit-breaker called Barlow’s spur-wheel, described by me in volume xxxi, page 141, of
Silliman's Journal, it becomes much moro efficient when used with a separate battery.

Having described my invention, what I claita therein is— B -

‘1. An induction-coil apparatus, oonsisting of a primary and secondary circuit, when said secondary circuit
is many times, that is to 83y, two, three, or more times the length of the primary circuit, having the connections
50 arranged that shocks, sparks, and clectrostatic results may be obtained from the secondary circuit alone, or
from the combined primary and secondary circuits, or froim the primary alone, or from portions of either cireuit,
substantially as set forth. .

2. I claim the combination of an automatis circuit-breaker with either a primary coil alone, or a primary
und gecondary coil combined, substantially es set forth. o

8. I claim the combination of a mechanical circuit-breaker with primary snd secondery coil combined,
substantially as set forth. . ) ) . o

4. I claim the combination of both a mechanical and automatic circuit-broaker with a primary and secondary
coil, combined substantially as sét forth. _ o o

6. I claim the combination of & primary and eccondary coil, enclosing an élec_tro-magnet, with an sutomatic
circuit-breaker, substantially as set fortk. . ) ]

6. I clsim the combination of a primary and secondary coil, enclosing a compound or divided electro-magnet,
with an adjustable automatic circuit-breaker, substantially as set forth.

7. I claim the cowbination of o primary snd secondury coil, enclosing a compound electro-magnet, with an
sitachod hammbr cironit-breaker, substantially as sct fortl.

8. T olaim the spark-srresting cireuit-bredker, whether used with o primary coil alono or a primary and
secondary eomblned, substantially as set forth. - :

8. I claim the spark-srresting circuit-brenker, whether used with a coil or coils, euclosing an elettro-magnet,
substantially as set forth. : _

10. I claim the spark-nrresting cirouit-brenker, whether attached to or independent of the primury or pri-
wary and secondary oolls, substantially as set forth.

11 I claim the adjustment of the retractile force of an automatic eircuit-breaker, substantially as-set forth.
12 In combination with such adjustment, I ciaim adjusting the distance of tho hammer or tha armature
from the pole or poles of the electro-magnet which actuates them, ss set forth.
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18. I claim adjusting or regulating the length of vibration of the circuit-breaking ba¥, by means of, a set.
screw, or any mechanical equivalent for substantially the same purpose, substantially as herein set forth, -

14. T claim the employment of one electro-magnetic instrament to-open and close the circuit of another
electro-magnetic instrument, using either one battery for both, or separate batteries for each, substantially as’
set forth, ' . . ) R :

15. T claim the employment of separate and independent batteries to operato an electro-magnetic circuit-
breaker, and the circuit which is broken by it, sixbstu.ntially as get forth.

- Xn testimany whereof, I have signed my name to this specification before-two aubseribing witnesses.
o * CHABLES G. PAGE.
Witnesses:
* MaroELLus BarLgy,
CHas. G. Paag, Jr.



