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IMPROVEMENT IN -INDI?GTION—GOIL:A—PPARATUS AND IN CIROUIT-BREAKERS.
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i

170 WIIOM IT \{Al CO\TCLRN

- Boit known that I COARLES Ga.u:to:u 1’.&01 :, of AWashington, in the District of Columbm, have m\ranted
certain new and useful Improvements in Induction-Coil Apparatus and Circuit-Breakers; and I hcrcby declare
the following to be a full, clcar, aml exdet deserip. i ion of the same, rcference bemg had to tIlo accompanylng
dyawings, : | S e __ |
| The mduct:ou-co:l conslm ol" a tuctulhe conductor, ( copper is generally prcferred,) in the form of wire,
reuiid or othérwise, or a flat strnp ‘af metal, coiled up in tho form of, a helix-reel, or.bobbin, as it is sometimes
called, or.it the form of a flat sp:ral the helix or boblin or spiral usually having a centrul or: core-openmg in
its axis to adwgit of thc introduction of a bar of iron, or bundle of iron wires, ‘ot othcr form of iroh. The wirc
ot strip of metal is govered witle cotton, silk, or some msulntmﬂ-tuhumuco, or some msu]nung-mnterml is intro-
~ duced Letween cach turn of the ‘wire, or sometimes the wires are mcrcl) spaced, that is, éach turn separatéd by
'_a.-small interval, and an insniating-substance placed between cach laver. This wire ¢r strip may be of the same
- size throughout its lewgth ; or, in the case of wires, two wires may bie used, one of greater diameter than the
- “other, u'ul of wuch 1c=s length ; or, in tlie case of Etl‘ip onc strip may bLe thinnerand longer than. the other.
Wihen the wive or'strip = continnous throughout, and its cntire length is included i in a gﬂlutuc eireuit; it is called_
u.sunplc primary coil ov circuit. When the galvanic carrent passes. through such primary epil or circuit, &
. momendiry current. of induction is set up in thc wire ov strip, contrary to the direction'of the-ealvanic current,
“and causes resistauce to it. This current is called the initial secondary current. When' the gn.lvamc carrent’
is arrested in the wire or strlp, another momentary current of mductwn Is set up in" the wire, having tho same
direetion as the galvanic current. If the battcry -currént be strong, and the wire or strip of considerable length,
when both ends uf the wire are grasped, one in cach diand, an clcctr:c shock is felt at the: moment the galvanie
-current is arrested in the wire, and the ttrcn#th of tho shock bears some proportlun to the strength of the gal-
. vanic current, and the length, smc, and mauhtlon of the wire. Tlus current is called the terminal secondary,
but generally the “ extra current,’” aud the shoek issan clcctrontattc cffect. indicatin g3 current of higher inten-
sity than that of the battery which produced it. = T | |

These shocks are adm:mstcrcd to the human system for the cure of mnny dizcases, and as it is important.
that they should bo prodaced 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 tho operator, which machine I call “the automatic circuit-breaker ;' and to
this end I have invonted a variety of furms of such circuit-breakers, which will bo found usefal for such par-
pose, same of which will bo hercinafter described. I have also somctimes found it expedicnt to combine with
such coil an automatic and a mechanical circuit-breaker both, using for such mechanical circnit-breaker o spur

or rag or sprockct-—wheel ‘revolving against a conducting spring pressing on the points of the spurs, or a bar or

~ strip ‘of metal, with a coarse or msp-hko surface, over \\Iuch a 'wire is drawh by Land. Thc gpring, pressing
upon the pcmphcw of tho wheels or theiv tceth, and the wheels themselves lnakmg part of the same circuit
with the coil, the circait is broken each timo the spring passes from onc tooth to another, and so with the wire
and rasp, which it is not necessary to describe further. The introduction of iron into the core of said coil or
spiral increases the intonsity of the shocks. It was found, however, that a simple primary coil, on account of
its great Jength, reqnued too much battcry-power to produce strong shocks, and I have thereforc contrived a
two-circnit machiue, in wlhiieh there is & primary and a secondary circuit, the primary civeuit, which is compara-
tively a short cirenit, xnd is to transmit the battery-current, and a sccondary circait, of many times the length
of said pumar} circuit, and is to furnieh the shocks and clectrostatje cffects.

By this atrangement a small battery of low mtenntg, may bo made to prouucc shocks of. great power and
high intensity from said sccondary circuit. If the wiro or strip of metal is continuops throughout, then, by
hav:nw a metallic connection made with only a small portion of the coil, so that the galvanic current may be
sent thruurrh that portion which is called the primary circuit, the shock may be taken fro,gu the extreme ends
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of the whole coil, or frmn the secrndary circuit or portion thoreof, whlch is longer than that of the primsry cir-
cuit, or portion conveving the battery.current. ‘The shock is stronger: by inclading-the whole coil between the
hands, because we hn're the-cnmbmcd effects of the two circuits. Tlns result is the same, whether the wire be
of the same size throughout, or whether we use a large wiro for the. primary circuit and a small'wire for the
secondary circuit. For the purpose of graduating the shocks, & number of metallic connections msy be made
ot different points in the length of the whole circuit, and thus eny desired length of circuit may be included
between the connections to be grasped by the hands,&néany desired strength of shock given. And thus, also,
the portion included in the battery or primary cfreuit may be nnednt pleasure. Th:s construction is shown
in Figure 1. It is, however, generally preferred to have but twe e:rcn:ts,wz, a primary snd secondary circuit..
- The fi gure represents a vertical section through the miiddle of ‘s flat spiral of copper ribbon, coiled in the
manner of & walch-spring, with varnished silk, cotton, or paper betweon cach turn of the spiral. Ttis enclosed
in a box, and has a metallic stem sennected with the central end of the ubbon, rising through the cover.of the
box, and supperting & large cup,¥; ydesigned to liold merecury. This cup is best made of glass, 50 as to exhibit
the induction-sparks tn advantage, whtch are produced each t;me the battery-clrcmt is broken at the surfaco of
- the mercary. S - | - o I _ S _
The spiral | -hras several amaner .cups, ¢ attacned to mctallm stems cnnnncted with various pnrts of tho'_
spiral at different d1sta.nces from its centre. By phcang one pole of j:ho battery in connection with the central
- <up P, and J;'ﬁe other p‘nln in connection with the other ¢ups ¢, au,ccasswely, the shocks and other électrostatic
effecis will be found to increase, the farther from the’ ccntra of the coil’ the connection is’ formed whenever said
‘connection is broken. - The battery-current ‘may be pnssed throngh the part included between ¢ and P, and the .
shocks and electroststw effects derwed from the whole oonl or any portlon thereof mclndmg thn part. nonreymg
'.-he ba‘tery-circuit or not. - P | - | -
| “When the portion of the coil is ontslde ot‘ or extraneons 'lﬁ the battnry-clrcnlt‘- as thn part bntweah the cup
¢ next the central cup, and the cup connected with tho guter cxtremily of the spiral, or eny portion itcluded
between such middle and outer cup, ‘then this portmn is called thio pure Bccondnry clrcnlt, whether it be inde-
pendent or metalhcally connected with the primary . circuit. Jt:will be found more economical of space, and
. more advantageous in rexard to the pewer and :ntenalty of tﬁe €O ndary cu'emt, to lnn.lcn it ef niuch thmner
metallic ribbon than the primary cireunit.. | SR - S
R represents a rasp clrcnlt-brcnker, consuhn* of [ coarse rasp of mcta.l tn Be ennnectod' with the centr.l
cup, and then the circuit may be broken with :np:d:ty by drawing *’hc pele of the battory over thia rasp, whic.
- also makes part of the main circait. Tlhe mechanical cirenif-breakers, duch s the spur-wheels, are used witt
eficiency with the primary in this case. The mechanical circuit-breakers are so-well. u&mtood and now so
- generally in disuse, that it is not neecessary to deseribe them more pnrtwnhﬂy. ‘The representation of the rasp
'R is the type of them all. Thus this instrament has within itself tho means of graduating the power of the
shocks without changing _the force of the battery-current. = It isy hnwever, generally preferred for mmphclty |
to have bat two tircuits, viz, a primary and enc secondary circdit, regalating the shocksby other means, and to
make the pnmary of coarse wire, uswally of copper, choosing such size as. may’ bo suited to the intended size
of the coil, nsmg from No. 20 wire dp to No.-10, or ¢¥en larﬂer, the larger sizes being used for large coils,
 The wire is insulated, as before m&ntlnned and usually wound in « coil or heh'\:, on iwo, three, or four
- superposed layers, leaving a cnre-sp“‘e in the axis, a3 before deseribed. This is shown in Figure 2, where A
represents the coil fixed to a stand. " This eoil has thrco or four layers of ‘ire, and the opposite ends of the
wires pass down throunh the bnmbnnrd]} aud are Nnncctcd 1e~pect:ve‘1y nndernnnth the bnard to the b:ndmg-
screw cups, C D. B | o | - -
The enclo:,ed elentro-mnrrnet m, is'scen pro_]ectmg ame the ‘coil, and is compnscd of alundle of soft-lrnn
wires, sep'trnted from the primary ecil by s layer of some msnlatmr-materml sueh s varnished cotton, or silk,
or oiled &ilk, or any known irsalator that is npphqablg I the wires are clean and bright, it is best to varnish
them. Extetior {o the primary is the sccondary coil, &. This coil is' made of fine wire, from s thirtieth to a
bundredth of an inch in diameler, and of greatleogth as compared with the primary coil. At first they were
made cf one to three thousand feet, but at the present day secondary cnlls arc made sometimes of the immense
length of fifty to cighty m:les and npwnrds. It is important to insulate very earefully tho individual spires or
turns of the sccondary wires by varnishing with solation ef shellnc, and’ also to separate each layer from the
next by a thick cnat:nn of shellac or layers of oiled’ s:ullc or rarmshtd paper, cotton or othnr snltabfo 1nsnlnt:ng-
material. | | S SR | | P
- This careful lnsulamn 18 of ° aportnncc in plonnrtnnn to the size and power nf the coil. - For smaH coils
it may be neglected to a great extent, and a very. energctlc coil mey be made when' of small’s size, say three inches
in Yength, by using ‘silk-covered wire without varnish,. using only oiled silk or ‘varnished paper between each
layer, or even & good coating of chellae varnish between each Iayer, in which casc cotton-cnvered wire may bo.
used. " The wire may be of iron or copper, the latter being preferable in most ¢éases. L
The sccondary coil «in fig.'2 is provided with caps, P N, made of metal ‘or wood, the latter, or some
insulating-substance, being preferable, and the cxtremities of the wire of the coil arc counected with the
bmdmg-screw cups 2, 1nsertcd in or attached to these caps. .The scconflnry coil is nlﬂo weH msnlnted from
the primary coil by intervening layers of :nnu]atinw-mqtcrml o a
Tho rasp circuit-breakes R consists of o bar nt' brass, i unn, or other metal, ltnvmfr a coarscly .serrated sur-
face, and suspended upon the short pillars Z &, Mounted on onc cnd nt'_thc ,atnntl is an wutomatic circuits
breaker. It consists of a swull cléctre-mamuct, T, for the coil of which nnl_y a few fect of insulated wire are
required; and the extremities of this wire puss downa through the base- board, as shown in the drawing, and arq
connected underneath with the civeunit-wires. f'lic armature « nf' the macnct is attached to a rev nlvmﬂ' shaft,
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¢, which lay its lower bearing on the _b_én'q of the magnet, ind its upper bearing in the adjustable pivot-screw
- d, rupported in the frame or yoke %, --ponmzct:cil, with the poles of the magnet. Two light spring-wires; z z’,-bear
~upon the:sbaft-e. The upper one, %, bears upon a cylindrical part.of the shaft, and 2/ upon whatis called the cut-
off, consisting of two projections of ‘metal from opposite sides of tho shaf:. The operation of this. cut-off and
- circuit-breaker is Dest understood by reference to a detached view of -the instrument in Figure 8, where tha
cut-off is g'lpylindrica[pi'e'cc“'pf_:fc:rrnla_'.';pf.;met;:.l;.fslippcd‘:.éver,-th-nghaft,_tha._ﬁpper, portion of it being entire,
for the bearing of the ¥pper pring, 2, and the lower portion being dissectad, having two metallic portions. pro-
‘jecting on opposite sides,.and .ihg_inte'r?cnipg :pQrﬁéﬁﬁ;ﬁl_Ie__tl-u_p with wood, ivory, or some non-conductin g mate-

"rial. -One éxtremity of the wire coil is shown .in connection with binding-scrow cup 4, and the lower end of

- spring'i is in _conncction with scrow-cup . - The spindle or. shaft of the armature A revolves within a tubular
‘socket or bearing, ¢, supportéd upon thy woodon or ivory disk 3, supported between the branches of the electro-

~ magnet. ‘Spring ¢ passes throughand is also supported by-this disk or brace. . - o '

- . .
- r L. - . - . - -
- . = .

+. 4

. If, now, we'supp setht on¢ pole of {n;%@lﬁranic battery is conhected with cup a, and the other -pole with

cup ¢, and the spring ¢ resting upon the mefallic. division of the cut-off, the galvanic circuit will be completo
‘throughout.  The current, as indicated by the arrows, will pass up the wire-connection @ of the coil or branch
. #; and, circalating downward. through .this eoil, will -pass: across to tho coil or. branch ¥, through connecting-
~wire d, and" circulating upward through this-coil, will pass out-through: the wire spring z, which terminates
_ the upper end of this coil;-into.the whole portion of tho cut-off on. the shaft of the :armature, thence through
. the projecting or sectional portion ‘into spring +, thence downward. to cup [, and so back to tho battery. The
" effect of this passage of tho ourrent will bo to charge the electro-magnet, which will attract the armature, so
~as to bring its ‘ends directly cver ‘tho poles of tho magnot. Just before it reaches. this position, the spring ¢
“has passed out of I'Ig'et._allici conncction with-the cut-off, by leaving the metallic. projection, and the gslvanic:
current ]:geip_g t_ht;_; _i;i,t_grr_upt_gd,- the magnetism cecases, and allows the armature.to swing round by its momentom
8 little more_ than a half circle, and the opposite projection coming against. tho spring ¢, again cstablisk.es the
Jcireuit. The movement of tho-armatureisrepeated, and egch timo with renewed impulse, until it gets into very
~rapid motion, thus breaking and renewing the circuit sutomatically. Now, if the circuit of this instrument'is
~made. part of the circuit of the  primary coil, it is evident that its circuit will be broken-rapidly, and at each
“break o shock will be felt upon touching tho cxtremitics of the sccondary coil 8. If the onds 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 bia charged by them, one of the wires connacted with the

- knob of the jar being insulated from the hand, and shocks may.be received from the Leydern jar, - Other:elec-

- F“

trostatic phenomena may be exhibited by the induced -curront from the ‘secondaryeoil; and: sparks_and other_
indications ob'tgi'_r._wd,' even from one cnd.of its wire, if it be insulated. B TR PR S

-~ In order to operato tho rasp or mechanical circuit-breaker, it must be connected with one oud of the circuit
of the primary coil, and a wire, connected with the other: end of the circuit held in the hang, is drawn over
“its tecth, cach tooth operating .as u circuit-breaker, and shocks and other indications may be taken from the
socondary circuit, as before. -Instcad of the straight rasp, a spur, rag, or cog, or sprocket-wheol may be used,
‘and turned by hand or otherwise, and in this case the terminal wire which was held in the hand is fixed to

-
- . ' " a

‘the base-board, and so as to press upon the peripheryof the spur-wheel. .

T4 -

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 circait,and that a certain degree of rapidity is necessary to insure the maxi-
mum effcct. © If tho interraptions are too frequent, the shocks may be diminished, as the coil and magnet do
not get time to reccive a full chargo from the battery between the interruptions. The maximum rate of inter-
ruption is to ba determined in each case by experiment. .As a goneral rule, the larger the instrument or coils,
the slower mu £ bo the rate of interruption, ~~ ~ ~ ~ - L |
 Tastead of a bundle of"iton wires?placed in the axis of the coil, the magnet may consist of thin plates,
~as shown in Figurc 4, and the plates may bo made to adhere by varnish between them; or a piece of thin shect
iron, rolled up into a scroll, as shown in Figurc §, may be used, the surface of the iron being covcred with var-
nish; or a bar of iron; divided by a longitudina! furrow or groove down to its axis, as shown in Figure 6, may
be used. The bundle of wires is,'however, the preferible form, as shown in Figure 7, the bundle, or fasciculus,
as it is sometimes called, being bound or wrapped with some non-condacting material. This specics of magnet
L cull the corpound 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 reonlates the force of the shock and the develop-
ment of the electrosfatic’ properties of the -s_econd;;'rjc'ircuit* - In the case of the remedial application of the
instrament, this mode of regulation is very convenient. L | e
~ The sccondary coil may also be made movatle longitudinally, or in the direction of its axis, 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 farnish mare powerful currents when it occupies the middle portion of the
_primary than when towardy-cither end, as set forth in Davis's Manual of Magnetism, published in Boston, edi-
tion of 1842, page180. o R o L ._
~ Instead of a revolving armature for a circuit-breaker, a vibrating-armature may be sabstituted, and the
latter will be found more convenient, for several reasons. One especially is, that it can be readily adjusted so
as to increase 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 between
the arms of a permaneat magnet, the magoet changing its poles at each vibration, the length of vibration of the
bar being regulated by a sct-screw, makes a good circuit-breaker, and will be found fully described by me in

Silliman’s Journal, volume xxxii, page 355 to page 358, in a communication dated Aypril 10, 1837. Thisspecies
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18, however, not so simple as others, and further allusiontait is not necessary. A vibrating-atmatare is pref-
-erable, as it requires no change of poles to effect its-“mption; this being produced by merely infer.ce'pting the
‘galvanic current at suitable intervals. | - B - o
~ - One form of vibrating-armature is shown:at Figure.8. A small rod ofsoft iron, sbout the size of that
shown in the figure, is mounted upon.an axis or shaft, s, which is supported “in suitable béa;ri‘ngsupoh-' two pil-
lars, r, si- as to vibrate freely. - A small eloctro-magnet is sapported upon one of -these pillars, and the arma-
ture is placed between its .branches, so that one end is above and the other bolow the plané of the magnet.
One end of the armature bears a branching copper wire, its "brénchcspias}ing_dnim into :inerzq‘i-y-cﬁpseg'c'_
- Cap & 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 may be seen, and the sparks produced on-breaking thie gircuit réndered visible., YWhon the magoct is chsrged,
the armature is attracted towards its poles, and around the ends of ‘the srmature. is'a ferrule, of thin brass or
nou-magnetic metal, to prevent maguetic adhesion of the armature to the magnet. o
- The galvanic connections are under the baze-board, and may be traced as follows:- Oag pole of the battery
being connected with cup p,-and the otherwith cup n, the carreat wHl pass along from cap ptocupe, asindi-
cated by the arrow, thence upwards through one branch of the wire, and downwards throush the other branch
into cup ¢’ thence upward .again into one end of the wire, aronad the electro-magnet, and, circulating around
the wire coil, will pass out through the other cnd to cuji n, aad s0 back to the battery. The passago of the
current charges the magaet, lifts ono end of the armatara, raiscs the branch wire from the merenry in the cups
¢ ¢!, and breaks the circuit. - This end then falls by its weight, the branch wires overbalancing the other end,
the circuit is' again completed, and thus it may bo broken with great repidity. - . ¢ ¢ o
-~ An adjusting or set-secrew may be placed on a suitable support over this end, aftor the manner of the last .
‘named vibrating circuit-breaker, 80 as to regulate tho cxtent of tho vibratioas. “The weight of this ead, or what
may be denominated its retractile force, may'also be regulated by a small moveble weight placed on or over .
- thig half of the armatnre, after the manner shown in Figure 10. - This “circuit-breaker is introduced into the
cireuit of the primary coil in the same way as the revolving armatare.” - . o
., A more si_mPIéformo_f vibrating-arm ature is shown in Figure 9, in which- the armature 2 vibrates to and
from the electro-magnet d d in‘a direction parallel to itself. It is attached to a light brass spring s, fastened
to pillar 2. - This spring .passes through an epening in the yoke #, on ‘tho top of pillar 3. - At plis’s tip'or
sniall disk, of platinura, soldered to the spring, which 2sin contact with the platinum point on the lower end
of set-sorew s?, passing down ‘through ‘the top of theyoke. Sot-screw o' is ascompanied with s tightening-
aut, 5. 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, however, that the regulation or adjastment is
imperfect, for as:the spring is pressed down towards the magaet, tlic armatare is broughs nearer to the magnet,
and as the attractive forco increases more rapidly with the diminution of the distance between ‘the armature
‘and nfagnet than does the force of the spring increase; the adjustment is-in a moasure defective. =~ -

- If wo now suppose the magnet d d to be connescted with the battery and cliarged, and that tha circait with
the battery is made by tho current] passing’ up pillar 2, thence into spring s, thence into det-screw ¢* and pillar
8, and thence through the wires of the electro-magiict back to the battery, the magnet will draw down the
srmature, and with it spring s, and thas break the circuit by pullidg the platinumn disk away from tho platinum
point on tho lower end of. set-screw &%, On breaking the circait, the magnet loses its power, and the spring
rises and completes the circuit again, the magnet is again charged, and the srmature drawn down, and’ breaks
the circuit again, and thus a very rapid series of vibrations and interraptions of the circuit may be effected. It
is evident, therefore, if the circuit of this breaker be included in-or form a part of the main circuit, which passes
through the primary coil, that at each break an induced current will be set up in the secondary coil, as with:
the other circuit-breakers. . T - R .

- The above circuit-breakers, it will be s¢en, are all independent or detached circuit-breakers, that is, they
ssch require an extra electro-magnet with a circuit of its own, and this, of course, consumes a certain portion
of the battery-power. To avoid this objection, I have invented on attached circait-breaker, in which no inde-
pendent or extra magnet or coil is used, with-an adjustment to regulate its retractile force, and tho distance
also from the magnetic core of the helix——two important featares, particularly the first named. This device is
shown in Figure 10, * The coils ¢ are "qc_cured to a base-board, and enclose npuntlle__of soft-iron wires, seen pro-
jecting slightly at a. S | - I - L |
... Between the two)pillars z is suspended thevibrating clectrotome, or what is now called the hammer circuite
breaker. ¢ is & small cylinder of soft iron attached to one chd of the stout copper or brass wire e, which pastrs
through or . is otherwise secured to the vibrating-shaft . The other end of this wire dips into a mercury-cup,
m, fixed upon the 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
etrap & is another mercury-cup, of brass, into which dcscends a branch wire, &, from the vibrating-wire e.
Arising from the shaft k is a stiff brass wire, in the form of 2 bent lever, carrying upon its horizontal por-
-tion o a ball, £, which is movable on & serow-thread from cnd to cnd 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, R
If we suppose the coiis 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 a will attract the hammor-picce g,
~and, in g0 doing, will lift the end of wire ¢ out of the mercury in cup m and break the circuit; ‘and e, falling by
its own weight, its end will again dip info_tho mercury in m, re-establish the circuit; the magnet *_will again urt,
and thus a succession of vibrations and interruptions of the circuit will be produced. The marner of making
‘the connections to establish such a circuit.through the primary wire; and through the wire ¢, will, of mhrse! Ye



A f . 76,651
o> i . .
readily understood by any one skilled in the art. Thus it will be scen that no extra circuit or maguet is require
for tris, which is called the attached circuit-breaker, and the full cconotay of battery-power is realized.”

As the weight f is farther removed from the centre of vibration, the more magnctic power will be required
to move the hammer g; its distance from magnet @ remaining the same, the greater is its rotractile force, and
the more suddenly and completely will the circuit be broken in cap m. The distance between g and a can be
varied by slightly bending the wire'e. - N . | - | |

- Asgit takes time to give a maximum cliarge to magnet a, which 13 more appreciable in the larger coils, the
hammer g should not move too quickly, and break the circurt before its maximum power is developed. Hence
the great- importance of regulating its retractile_force, or the rosistance to be overcome before it will be moved
by the attractive force of -the magnet, so as to obtain the maximum of clectrostatic cffects from the secondary
coil. This circuit-breaker has also another very important feataro. o T

~ In order- to increase the intensity of the secondary circuit. and its clectrostatic powers, a non-conducting
liquid, such- as pure-watér; alcohol, oil, turpentine, naphtha, (many others may be used,) is. poured upon the
surface of the mercury, and, when the circuit is broken under th

primary coil is, in a great measure, stopped by the non-conducting liquid, and the conscquence 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 reason. this is also
called the apark—arrfating circuit-breaker, for tho separation-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, care in insulation is necessary, and to this
end I have formerly mounted the coil on a stand of dry varnished wood, as shown in Figure 11, where a is the
stand; b, a strip of baked wood, varnished, to which are attaclied the parts of the electrotome or circuit-breaker,
and ‘the caps ¢ ¢ for the terminations of the sccondary circuit; the coil being secured to the stand by straps of
wood instead of ‘metal, as'in fig. 10.- The cups e e are for the primary-coil connections, and the general man-
sgement and operation of the parts are the same as'in fiz. 10. - | N | |

Instead of having the wire e to dip into mercary-cup i, 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-bresker, fig. 9,
substitating the hammer-piece g, fig. 10, for tho armaturo n on the end of spring s, fig. 9; and the end of wire

springs s and the pillars 2 8, 50 as to allow the hammer-piece g to vibrate horizontally to and from thie end of
the magnet. ‘This is all showa in Figure 12, which, with the foregoing deacription, needs no further explana-
tida or illustration, the drawing plainly showing the chango of position of the Pparts.

The spark-urresting circuit-breakers may all be used as independent or detached circuit-breakers, and
these, and likewise all the indcpendent electro-magnetic instruments hitherto usod and described by me for
opening and closing circuits with other ifistruments, may be operated by batteries separate aud independent
ftom. thie batteries which operate the circuits to be opened and olosed. In fact this often becomes necessary
~when_the circuits of the two instraments are largely disproportioned in length. In using, for instance, the
electro-magunetic circuit-breaker called Barlow’s spur-wheel, described by me in volume xxxi, page 141, of
Sillian's Journa), it becomes much moro efficient when used with o separate battery.

Having described my invention, what I clain therein is— - :

‘1. An induction-coil apparatus, oonsisting of a primary and secondary circuit, when said secondary circuit
is many times, that is to 8ay, 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 circuit,
substantially as set forth. | | _

2. 1 claim the combination of an automatis circuit-breaker with either a primary coil alone, or a primary
and secondary coil combined, substantially as sct forth. o

8. I claim the combination of a mechanical circuit-breaker with a primary and secondrry coil combined,
substantially as set forth. | ~

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

6. 1 claim the combination of & primary and eccondary coil, enclosing an élec_tro-magnet, with an automatic
circuit-breaker, substantially as set forth. , , | | |

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

7. I olaim the combination of a primary and socondury coil, enclosing a compound electro-mngnet, with an
aftached hammbr ciroujt-breaker, substantially as sct forth. - S

8. I olalmn the spark-arresting cirouit-breaker, whether used with o primary coil alono or a primary and
secondary combined, substantially as set forth. ‘

8. I claim the spark-arresting circuit-breaker, whetlier used with 2 coit ot colls, enclosing an elettro-magnet,
substantially ag set forth. |

10. I claim the spark-arresting cirouit-bresker, whether attached to or independent of thie pﬁm\ary or pri-
\nary snd secondary oolls, substantially as set forth. |
13. I claim the adjustment of the retractile force of an automatie circuit-breaker, substantially as get forth.

12 In combination with such adjustment, I cisim adjusting the distance of tho hammer or tha armature
from the pole or poles of the electro-magnet which actuates them, as set forth. -

is liquid, the terminal secondary current of the

o

magnet a, fig. 10, for the little clectro-magnet d d, fig. 9. Tho only other change would be in the position of *
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18. I_ claim adjusting or regulating the length of vibration of th’a"ciréuit-breaiﬂng bar, by m_e'a.n; of a set.
SCrew, or any mechanical_equival.ent for substantially the same purpose, substantially as herein set forth. =
© 14. T claim the employmeat of one electro-magnetic instrument to-open and close the circuit of another
electro-magnetic instrument, using either one battery for both, or separate batteries for each, sabstantially as
set forth, | | . . B | . | |
15. 1 claim the employment of separate and independent batteries to operato an electro-magnetic circuit-
breaker, and the_ circuit which is broken by it, substantially as set forth. o |
- An testimany whereof, I have signed my name to this specification before two subseribing witnesses.
s | - CHARLES G. PAGE.
‘Witnesses: - : B
© MaroELLUBS BAILEY,
Cuas, G. Paak, Jr.
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