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To all whom it mar 7/ COTLCET - |

be it known that I, CHESTER H. ARNOLD,
olk:
and State of Massaehu&etts have invented
certain Improvements in Telephone - Kx-

- change Switch Apparatus and Circuits, of

10

or united thereby.

which the following is a specification.
This invention concerns telephone - ex-
change central-station apparatus, and relates

more particularly to repeatinginduetion-coils

and to their association with switchboard cir-
cuit-conductors and such substation-circuits
as may be temporarily connected therewith
It has especial adapta-
tion to telephone-circuits having their sub-

- station - transmitters supplied with current
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- cember 10, 1895, to Theodore Spencer and
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from a central source which may be common
t0 a number of circuits or pairs of circuits.
In central-station switching apparatus of this
class 1t has been found of practical advantage

to connect the source of current-supply, usu-

ally a battery, in a bridge-conduactor or sec-
tion of conductor made common to both of
any two substation-circuits united for con-
versation and to interpose the repeating in-
duction-coil between the said source and the
main circuit-conductors of these circuits, the
two helices of the said coil being connected
in the sald two cireuits, 1espect1vely, in the
manner generally dlsclosed by Letters Pat-
ent of the United States No. 474,323, granted
May 23, 1892, to Hammond Vinton Hayes.

- In Lettels Patent No. 551,056, granted De-

Thomas C. V\Taleb Jr., is deseribed an im-
provement which, amonﬂ other matters, pro-
vides that the two hehees of the repeatmn-
coll shall each be made up of twoindependent
windings connected in series and placed 1n
each conductor of its circuit, so that eaeh of
two connected circuits shall contam a differ-
ent helix of the induction-coil, half of which

helix shall be in the circuit—conductor CON-

nected with one pole of the current-supply

generator and half in the other conductor of

- such circuit—viz., that which is connected

with the other pole of the said generator. The
repeating-coils employed in this way have

- been constructed by winding the four con-

SO

ductors over a common iron core, both ends
~of all four being made accessible and fur- |

circuit are united for conversation.

attachments, whereby they may readily and
conveniently be united to the several main
circuit - conductors and Dbattery - terminals.
This arrangement has been found useful in
installations where metallic circuits only are
to be manipulated or interconnected at the
switehboard for through communication, but
is not fully satis‘factory in central stations to
which ground return-circuits also converge,
and in cases where a metallic and a grounded
It is a
fact that the impedance of a winding of an

electromagnetic coil depends notsolely upon

the properties or characteristics of the wind-
ing itself and the iron core surrounded there-
by, but also to a considerable extent upon

the condition or properties of such circuits

as may be conductively or inductively asso-
ciated with it. In the interconnection by

this system of grounded and metallic circuits

while the two free ends of one of the helices

| nished with binding-screw or other terminal -
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of the repeating-coil have been united to the

two conductors, respectively, of the metallic
circuit one end only of the other helix could

of course be so united with the grounded

circuit, the same having but one conductor,
and the remaining end of the helix has been
united to an earth connection; butin such a
connection of metalliec and grounded circuits
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the influence of the two windings of the

~grounded -circuit side of the repeating-coil

upon the two windings of the metallic-circuit
side mduetw'ely associated with them, re-

spectively, is different and unequal, and as
a result the metallic circuit was left in an

unbalanced conditionin regard tothe central-
office earth connection, a tendency to dis-
turbance of the talking-circuit and toreduced
efficiency being thus brought about. .

- The object of the present invention is o
prevent such an unbalanced condition and
the disadvantageous results accruing there-
from, or, stated conversely, to maintain a per-

feetly balanced condition of the two cireuits
‘in the repeating-coil, both electromagnetic-

ally and electr ostaticall y,and thereby toavoid
disturbance and facilitate the telephonic in-
terchange of eomelsatlon between the two
circuits.

To this end the invention p10wdes that the
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‘respectively, of the other.

o o 62’?,814

repeating-coil shall have eight substa,ntlally

equal 111depe11der113 windin frs—-—-that 1s o say,
each of its helices shall be ccnstltuted of four
serially-connected windings, each one of the
four being so placed in 1en'a,rd to some one
of the other four as to have a, close or inti-

mate inductive relation therewith, such rela-
tion being, however, so arranged that the first

and last windings cf the fcur of each helix
are inductively peired with the first and last,
- The second wind-
ing of one helix is similarly paired with the
the third in serial order of the other, while
the third winding of the said first- mentioned
helixis inductively paired with the second of
the said other. By this arrangement two

- windings of both helices are pleced at one
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suie cf the ter mma,l ebbachments of the cuar-

I'enb ﬂ'cnelatcr and the remdmmﬂ‘ fcul two

in each helix, on the other, so that for each
of the hehces two serially-consecutive wind-
ings are adapted for connection in each con-
ductcr of each of any two circuits, between
which the repeating induction- coil is placed

| tct' the eetabllshment of inductive intercom-

mumcemon - The order of inductive relation
is, hcwever not the same as that of conduct-
1ve series, but is so systematized that the two
windings of one of the helices, which are con-
nected in series with the terminal attach-
ments of one side of the generator, have in-
timate inductive relatlone respectwely with

two Wmdm os cf the second helix that are not |.

ccnsecutlve members of their series and that
are. connected with the terminal attachments
of- dlﬁerent sides of the said generator, while
the other two wmdmgs of the said fir et helix

are in like manner in close inductive relation

with the tworemaining windin asof the second
helix, which, of course, also are not consec-
utwely; successive in conductive series, and
are associated, respectively, with the termi-
nel attachmen ts of different sides of the gen-
emtor when the said generator is connected
The intimate mducbwe relation desired be-

" tween any two windings ecan conveniently be
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secured by winding them together, and I find
that an efficient and satisfactory construction

of the 1mplcved repeating - coil producing

good results is one wherein each of the four
Wmdmﬂs of each helix is wound side by side
with the apprcpuate winding of the other
helix over an iron core, the. four pairs of wind-
ings so formed being wound in two equal lon-
gltudmal sections over the core, one of the

pairsin each section being wound next to the

6o

« of the core.

said: core and the other cutsuile thereof and
concentrlc therewith. The first winding in
series of both helices, for example, may to-
gether occupy the innermost position from
one end to the mlddle of the core. The third
winding of helix No. 1 and the second of
helix No. 2 may jointly fill the inner longitu-
dinal section from the other end to the. mlddle
Over these last the second wmd-—
ing of No. 1 and the third winding of No. 2

last winding of hehx No. 1 may be w ound, to-

gether Wlth the last of No. 2.
The mventlcn further consists in combin-

ing such a repeating induction-coil with two
telephon e-circuits,and more particularly with
a metallic telephone-circuit and a orounded
telephone-circuit, in 4 manner ptesently to
be described at len oeth, as shown in illustra-
tive drawings and as especlally pointed out
in the Sevela,l clauses of claim which form a
part of this specification.

In the drawings whereby this specification

1s 1llustrated, Fln'ure 1 is a diagram illustrat-
ing the state 'of the art im medmtely prior to
my invention. Iig. 2 is a diagram illustrat-
ing one phase of my imprcvement and show-
ing the four windings of the two repeating-
coil helices in their serial conductive relation
only. Tig. 3 is a similar diagram, but jndi-
cating also the mode in wh1c]1 the windings
of each helix or circuitare inductively pmred
with those of the othercircuit. Fig. 4shows
substantially the -same arrangement as Flg
2, but is illustrative of the electxcstatlc in-
ductwe properties and the electrostatic bal-

anceofar epeatm o-coil constructed in accor d-

ance with the invention. TFig. 5 is a longi-
tudinal vertical central eectlcn of a form cf
repeating induction-coil suitably embodying
my invention.
mentary to Fig. 5 aﬂd is mdlcetwc of the me-
chamcal as Well as the conductive and induct-
ive 1elat10ns of the several coil- Wll]dl[l“’S,
and Fig. 7 is a diagram of another mode of
mdlc&tmﬂ* the same rela,tlcm and may be con-
sidered as illustrating the ideas of Fig. 61in
terms of Fig. 3.

Asher embefcre mdlcated Fig. 1 shows the
1epeat1nﬂ'-c011 arrangement emplcycd exten-
sivelyin central and unwerml current- supply

‘¢ircuits prior to my invention.

Z. 18 a central telephcne -station, and X and
Y are substations. |

C is a metallic main telephone-circunit ex-

tended between X and Z, and C* an earth-
completed or ground- 1etmn main circuit be-
tween Y and Z.

At the central station S 1 IS a eomce of cur-

rent-supply or current-generator of any de-

sired type furnishing direct current, con-
nected in a section cf conductor between the

points & y common to both main circuits. I
is a repeating induction-coil with four wind-
ings a a® b b?, usually wound over a common
iron core, a e,nd b being in series with one
another in the metallic c11cu1h C, but on dlf-
ferent sides of the current- ﬂ'cneratcr S, and
a® b° being in series also at d1fEe1ent eldee of
the gener dtm in the grounded main cireuit C%

L 12 are the cutfromg and return conduc-
tors of the metallic eircuit, and I3 the smrrle

main conductor of the Orcunded cireuit, __tl_1e

latter having a central-station earth branch
g grounded at G.

From that pole of the genemtm which i 19.
most distant from the main conductor L% an

Fig. 6 is a diagram supple-.
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may be wound, and over the first pair the | earth- ccnductcr g* also eatends to ground G®
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W mdlnﬂ‘ ¢ is so materially different from that

627,814 ' . 3

to compléte a circuit of the said generator | of the other helix, then through the ﬁ'ené:ra- -

for testing and signaling purposes, and, in
brief, for all purposes where a circuit closed

to ground independent of the path through

winding 6° is desired.

G2 is the substation ground of main circuit
C?, and m and ¢ represent, respectively, the
transmitting and receiving telephones at the
substations X and Y. The windings are in-
ductively associated in pairs, ¢ and ¢* form-
ing the pair on one side of the generator, and
thus in the main conductors . and L° of the
two main circuits, respectively, and 6 6° form-
Ing a pair on the other side of the generator
in the main conductor L?of circuit C and the
complementary earth-conductor g of circuit
C*, respectively. Experience, however, has

'Ldemonstrated that when two circuits, one me-

tallic and the other grounded, are connected
through such a repeating-coil in the above-
desembed manner, the influence of winding
a®, which is in the main conductor L?, upon

exerted by winding 0% which is placed in the
relatively short ground branch ¢ and between
two earth connections upon winding b, that
the impedance of the windings ¢ and b 18 also
caused to differ considerably, notwithstand-

~ing the fact that the dimensions of the said

30
di ference is of course that the two sides L _
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. same number of turns and are arranged four
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wmdm% are the same. The result of such

1.2 of the metallic eircuit become unlike and
the metallic circuit is as a whole unbalanced,
introducing disturbance to the telephone-e¢ir-
cuit and generally bringing about a lower
ograde of efficiency in opemmon

Referring now to Kig. 2, which is the first.
~of the group of dlawmﬂ‘s illustr ating my in-

ventlon it will be obser ved that ewhtdlstlnct
wmdmﬂ‘s are employed. These all have the

in series in each circuit. The generator S
occupies the same position as before in the
section of conductor common to the circuits
C and C* between the points « and y,; but
the ground connection of circnit C* at the
central station is dispensed with, the com-
plementary branch ¢ théereof being left dis-
continuous, so that whilethe main conductor
part L2 of the circuit is closed through the
subsidiary ground connection G* the comple-
mentary branch g of the circuit is open.

- Four of the eight windings are in the metal-
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lic circuit C and the other four connected
with the grounded circuit C-
this ﬁn'ure shown in their serial conductive

.161&1310]1 without regard either to their me-

chanical position in the repeating-coil as a
concrete piece of apparatusor to theirinduct-
ive relations each with a winding of the other
circuit. The metallic circuit is assumed to
enter at the upper side L and to passthrough
the windings 1 and 2, the generator S, and the
windings 3 and 4, all in series, continuing
from the latter to conductor L* and back to
the substation. The grounded circuit passes

at the upper side through windings 1 and 2 |

They arein

tor, and then throuwh the WlIldlIlO‘S B and 4

eonsecutwely, of the open bmnch The .

ground connection g* is attached in such po-
sﬂ:wn as to leave the generator in the circuit
of conductor L~ The four windings of each
helix are each associated with a different one
of the four windings of the other, so that we
have four pairs of wires, the members of
which pairs are inintimateinductive relation
to one another, and we may assume that
winding No. 1 of cireuit C is thus associated
with Wmdlnﬂ‘ 4 of circuit C?, winding 4 of cir-
cuit C with winding No. 1 of C?, _and wind-
ings 2 and 3 of C with 2 and 3, respeetively,
of C?. Thisis diversely shown in Figs. 3,95, 6,

and 7, and while I have indicated the serial

conductive relations of the several windings
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of both circuits by numerals 1 to 4 I will for -

the purpose of their inductive relation de-
nominate the respective pairs of windings by
letters of reference, as a a2, b 6%, ¢ ¢, and Cd 2.

For conveniencein 1llubtrat10n a,nd descrip-
tion the conductors L and L?of circuit C have
been made to exchange places, 1t being now
assumed that the metalhc circuit enters the
central station Z by the lower wire L, so that

‘the lower coil-winding 1s now numbered 1,

and the remaining Windings are numbered
serially thelefrom The conductor L° and
discontinuous branch ¢ havealso 111 the d1a-
gram been reversed.

In Fig. 3, which does not purport to indi-
cate the meehameal position of the windings

in the repeatmﬂ'—eml the windings are shown-
{in the proper inductive

appropriate mate of the other circuit, wind-
ings Nos. 1 and 4 of each circuit bemﬂ' in-

ductwely paired with the similar 1y-nnmbered.

winding of the other circuit, and windings 2
and 3 Of each being- mductwely paired w1th
windings 3 and 2, rebpeetwely, of the other.
To mdwate the said inductive relation, 1t be-
comes convenient to show the grounded Clir-
cuit ¢® as entering at the lower side of the fig-
ure, and it is now evident that one wmdmn'
a? of the line-conductor portion of the 01rcu1t

c® has established an inductive relation with

one side L of the metallie eircuit through the

paired windings a thereof on one side of the

ognerator and that the other winding b® of
the circuit ¢* has established a snmld,r' in-
ductive relation with winding b of the other
side 1.2 of the said metallic circuit on the
other side of the generator, whereby the wind-
ings a® and b° exercising 111{6 influences, are
enabled to act equally on both sides of the
metallic circuit, which is therefore balanced.
In the same way the two serial windings ¢?
and d? the third and fourth in conduetwe se-

relatlon each to its

Q0
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ries, respeetwely, of the grounded circuit C°

are palred or wound toc'*ether with ¢ and d,

the second and third 1in eonduetwe series, re-.

spectively, of the metallic circuit.C, and their

influence also is similarly balaneed between

the two sides of the same metallic circuit.
In Fig. 5, which represents one practical

130
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mechanical arrangement of therepeating-coil 14 and 0? to form the outer section of this end

I,1ts core F,and its eight equal windings,the

.Sald repeatmmcml is shown as 11a,v1no' two

longitudinal sections bounded, 1'espeetively
by the central non-conducting pal‘tltl{)llj and
the end disks 7 and 2. Each of these longi-
tudinal sections accommodates two pairs “of
windings, one pair in each case being wound
next tothecore, and theotherexternal thereto
and concentric therewith, so that the right-
hand longitudinal section may be described
as having two.concentric sections, an inner
one ¢ and an outer one ¢, while the left-hand
longitudinal section is similarly divided into
an inner concentric section fand an outer
one h, each adapted to contain one of the two

remaining pairs of windings.

Carr}*mﬂ' out the tel‘mlnolon‘y of the induct-

~1ive relation of the windings illustrated by
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condactor 13,

~of the line L3,
circuits paired inductively, as ¢ and a2, are

Fig. 3, the windings a a® are wound together
in section f, b and b* in section e, d and d? in
section /i, and ¢ and ¢® in section g. This
construction is further illustrated by Figs. 6
and 7, which more clearly indicate the ar-
ra,nfre_ment in conductive series, in inductive
re,lation,_ and mechanically of the four pairs
comprising the eight windings, the conduct-
ive serial arrangement being indicated by
the numerals and the intimate inductive re-
lation. by the same reference-letters as are
employed in Fig. 3. These Figs. 6 and 7 in-
dicate also the connections of the main tele-
phone-circuits and the central-office genera-
tor. The metalliccircuit C,leading from sub-

station X, is'shown as having its main con-

ductor I. united to the inner terminal of
winding a and its main conductor I? to the
outer terminal of winding d. Between these
points the circuit may be traced as follows:
winding a, conductor 12, winding ¢, point 7,

-generator S, conductor 13, point «, winding 0,

conductor 14, and winding d. The ﬂ‘rounded
telephone- clrcult C? is shown with 1t5 main
line L3 entering the coil at the outer end of

‘winding a* and. passing successively the said

wmdmg a?, conductor 15, winding b2, point ,
enerator S, pomt Y, wmdmﬂ'
¢®, conductor 1(), and winding ?, and thus to
the conductor g, where it is Teft open or dis-
continuous. The earth connection g?extends
to ground at G?from that side of the battery
whlch 1s. most remote from the entering-point
The first windings of the two

wound to constitute the inner section from
one end to the middle of the core and the
fourth or last windings of both, paired as d
and d*, are together Wound over the first to
form the outer section of the repeating-coil
at.the same end. The third winding of the

metallic eircuit and the second of the ground-
ed circuit are paired, as b b? and wound to-
gether nearest to the other end section of the
~core, and the second winding of the meftallic
and third winding of the grounded circuit
are paired,ascand c¢?,and wound together over

“of the coil.

In Figs. 6 and 7 the several windings of each
circult are indicated as being connected in a
particular way with respect to their inner and
outer ends. It will of course be understood
by those skilled in the art to which my in-
vention relates that no arbitrary rule in re-
spect to these connections can be stated, since
the mode of connection depends on the diree-

tionin which the several windings are wound,

and this, In many instances, isinturn depend-
entuponmechanical considerations which de-
termine the action of the workmen engaged
in the construction of the appliance. It may,
however, be stated that the several serial
windings of each circuit must be relatively

wound or connected, so that a given current

circulating through them will excite in each
magnetizing influences of such direction that
the severa,l windings will act coopermlvely
in developing aniform polarity in the core.
Ifig. 4 1s a theoretical diagram which does
not illustr*ate" any feature of construction or
connection, but does illustrate the electro-
static advantages of my improvement.
dotted lines and condensers shown have no
independent existence, but are intended to
indicate that the intimaterelationship of each
of the windings for a particular one of the

others,and the-, consequent balanced condition

The
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of the circuits is not electrom agneticonly, but

isalsoelectrostatic. T'hefigureis based, sub-
stantially, upon the mode of delineating the
circuits adopted in Ifig. 2, and between the

first winding o of circuit C and the first, a?,

of C? a close electrostatically-inductive rela-

tion exists and is symbolized by the dotted

line 23 and its condenser-z. A similar rela-
tion exists between the last windings d and
d* of the two circuits, the second winding ¢
of C andthe third ¢® of C? and the third wind-
ing b of C and second of C?, these being all in

like manner symbolized, respectively, by the

dotted lines 22, 24, and 25 and their condens-
ers z. Moreover, since the electrostatic in-
ductive influences of the two windings of con-
ductor L’ of the grounded circuit are exerted
equally upon the two sides of the metallic cir-

euit, and since the two windings of the dis-

continuous branch of thegrou nded cireuit act
likewise upon the said tWo sides of the me-
tallie circuit, an electroqtatlc balance is obvi-
ously seeured
- While FFigs. 3 to 7, inclusive, of the draw-
ings show the two circuits or helices of the
repeating-coil as each having their first and
last windings inductively paired with the first
and last, respectively, and the second and
third of each as being paired with the third
and second, 1*esPeet1vely, of the other, it is
manifest that the invention includes equally
thereversearrangement wherein the first and
last windings are eachinductively paired with
the last and first, respectively, of the other

[ and the second and third with the second and
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third of the other. This, in fact, is suggest-

-ed by the arrangement of Flg 2 a,nd is shown

to be merely a question of definitions, since
an underlying principle of the invention is
that when the repeating-coil is connected se-
rially between two circuits the two windings
associated with each main conductor of one
of the circuits shall be inductively paired with
two windings of the other circuit in different
main conductors thereof. |
I claim—

1. A repeating induction-coil comprising

two conductive cireuits, both constituted of
four substantially equal serially-connected
windings, each having an intimate inductive
relation with a different winding of the other
circuit; the first and last wmdmﬂs of the se-
ries of each circuit being thus paired with the
first and last r spectwely of the other, and
the second and third serial windings of each
circuit with the third and second respectively
of the other, substantially as set forth.

2. In a 1epeat1nw induction-coil for tele-
phone -¢ireuits, the combination with two con-
ductive GII‘CHIT‘S both constituted of four sub-
stantially equal serially- -connected windings
each wound side by side with a different wind-
ing of the other circuit; of batiery connec-
tions for both cirenit- windin gs, adapted to be
connected with a battery in a sectlon of con-

ductor common to both circuits, two of the |

windings of each circuit being anan#ed on
each Slde of the said battery eonneemons, and
thereby in each main circuit-conductor; the
first and second windingsin serial succession,

of one circuit, and the thrd and fourth Wl[ld-
ings of the other cirecait being on one side of
sald battery connections and the third and
fourth windings, and first and second wind-
ings of the said circuits respectively, beingon
the otherside of said battery connections; but

the second and third windings of each, bemg*
ﬂssociation with the third

and second windings respectively, of the

§0

55

60

other; substantially as and for the purposes

Speelﬁed
3. The combination 1in a 1*epeat1nw indue-

tion-coil of an iron core; and eight substan- |
tially equal windings, four in serml SCees-

sion for each of the two circuits thereof, each
winding of each ecircuit being wound sufie by
side with one of the windings of the other cir-
cuit, and the four pairs ot Wmdmﬂ's SO con-
stituted being wound in two lon U‘ltudlﬂdl SeC-

tions over the core, one of the pairs in each

section Dbelng wound next to the said core,
and the other concentric therewith.

4. A repeating induction-coil having eight
substantially equal windings, four in serial
succession for each of the two circuits there-

of, each winding of each circuit being wound

in close Juxtaposnmn with one of the wind-

- ings of the other cn*emb so that the first and

last windings of the series of each circuitshall
be paired in intimate inductive relation with

| form terminal pairs, and the second and third

windings in serial arrangement of each cir-

cuit with the third and sceond respectwelv of
the other to form intermediate pairs; the said
terminal pairs being wound in concentric sec-
tionsoverone lon ﬂ'ltudmal section of the core,

and the said inter medmte seGtions being simi-
larly wound in concentric sections over the

other longitudinal section of the said core,

substantially as deseribed.
5. The combination of two telephone-cir-

70

75

cuits each extending from a substation to the .

same central St‘lu10ﬂ and there completed. or
closed through a Seetmn of conductor com-
mon to both, meludmg an electrical genera-
tor; and a 1epea,t1nﬂ* induection - coil havmﬂ'
eight Wlndmﬂ*b, four for each circuit, mter
posed two in series between the two poles of
the said generator and the conductors of the
sald cireuits respectively, the two terminal
windings of the series of each circuit being
wound together or placed in close induetive

relation with the two terminal windings re-

spectively of the other, and the seeond and
third windings of the said series in each cir-

cuit having a 11ke indactive relation with the

third and %econd windings respectively of the
other or vice versa; substantially as set forth.

6. Thecombination of a metallic telephone-
circuit, and a grounded telephone-circuit ex-

tending from independent substations to the

same central station, and there completed or

closed through a section of conductor com-

mon to both, which common conductor con-
tains a source of carrent-supply; of arepeat-
ing induction-coil placed between the said cir-
cuits, and having eight substantially equal
wmdm os, four ot the said windings being con-
nected in seriesin the metallic cireuit, two in
each main conductor thereof; two other of the

said windings being included in the ground-

ed circuit, and wound in intimate inductive
relation with two of the metallie-circuit wind-
ings, one in each of the two main conductors
thereof and the remaining two windings in
a conductwely dlseontmuous or electrostatm
branch of the said grounded circuit, wound in
close inductive reld,tion with the two remain-
ing metallic-circuit windings, ‘one in each of
1ts main conductors; substantially as herem-
before specified. |
7. The cmnbmatlon of two telephone-cir-
cuits each extending from a substation to the
same central St&ti()ll and there completed or
closed through a sectwu of conductor com-
mon to both, ]11(31[1(11[10 an electrical genera-

tor; and a l*epeatlnﬂ* mduemon ¢o1l havmm

w'ht windings, foar in each circuit, mter-
posed two in series between the poles of said
generator and the conductors of said circuits
1*espect1vely each of the four windings in one
circuit being wound in close mductwe rela-
tion with a wmdmﬂ* of the other circuit, thus

forming.four pairs ; of windings, the wmdmﬂ*s

composing each of two of sald pairs being con-

the first and last respectively of the other to | nected respeetwelv in two of the 011"01111; -CON-
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ductors leading' to opposite poles of the gen- | two subseribing witnesses, this 15th day of
erator, and the windings composed each of | February, 1399. |

the other two of said pairs being connected T T T
respectively in two of the circuit-conductors CHESTER H. ARNOLD.
5 leading to the same pole of the generator. - Witnesses: o
In testimony whereof I have signed my GEO. WILLIS PIERCE,

name to this specification,in the presence of | - JOSEPH A, GATELY.
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