(No Model.) - i '
J. A, BARRETT.

. TELEPHONE CIRCUIT.
No. 350,715. _ Patented Oct. 12, -1886.

— ' = 11—,
g g} . S II{IIIIHII p ]

a A
0 Pq R
Wg . ;\ Q“E—") ;5 | fifr
5 & @ T =
| muum il .
k_{!_ : ]\ .t = .h } I |
| |
1 e . N 0&% O r 1
SRR N -
| | | 1

| i~
vy R

U:\ i
! (Ef
Lrevereéor.

Wié}?&é&é‘ea
ﬁ;{w’&ﬁ% ﬁmw




10

(5

20

40

43

UNITED STATES PATENT OFFICE.

——— e s s e e

- — -

- —— e ] e e et — —

JOHN A. BARRETT, OF BROOKLYN, ASSIGNOR TO THE AMERICAN TELEL-
PHONE AND TELEGRAPH COMPANY, OF NEW YORK, N. Y.

TELEPHONE-CIRCUIT.

—r——

SPECIPICATION forming part of Letters Patent No. 350,715, dated Cctober 12, 1883G.

Application filed July 19, 1286,

_—

1o all whom it may concern: |

Be it known that I, JoUN A. BARRETT, ro-
siding at Brooklyn, in the county of Kings
and State of New York, have invented cer-
tain Improvements in Telephonz-Circuits, of
whieh the following is a specification.

T'his invention is an improvement in tele-
phone cirenits and apparatus, whereby I am
enabled to avail myself of the immunity from
inductive disturbance inherent in the use of
a parallel metallic retuim-cireuit, retaining at
the sanie time the ability to transmit two si-
multancous messages over the said metallie
circuit in either direction, so that, although
the cost of one metallic circuit includes that
of two complete wires, the additional outiay
1s substantially neutralized DLy the ability to
send two messages simultanconsly over the
said metallie cireunit; but one, however, of
these communications participatesin the bene-
fits of the metallie cireuit.

Fuarthermore, the principle of the invention
1s not restricted to a single metallic cireuif,
but may be carrvied out to an indefinite extent,
as hereinaifter described. 1t is well-known
that when two electrical conductors are placed
1n proximity variations of the electrical con-
dition of one will develop inductive cleetri-
cal currents in the other more or less accent-
uated, according to the character of the ini-
tial variations and degree of proximity of
the two conductors in question. This phe-
nomenon is very pronounced in the case of
telephone-cireuits, which, by reason of the ex-
treme sensitiveness of the receiving-instru-
ment, are oftentimes greatly troubled by ad-
verse currents induced by parallel telegraphic
or telephonie ecireuits, which aet both to con-
fusc and drown ouf the desired sounds, and
also to reproduce upon any individual tele-
phonie circuit messages which are passing
upon the other lines. A well-known expedi-
ent frequently adopted to neutralize these ad-
verse intHuences is to substitute a return-wire
for the ordinary ground-terminals or ground-
return of the telephone-circuit. This plan,to

give satisfaction, requires that both direct and
refurn wire must be substantially equidistant
from the source or sources of disturbance.
The chief disadvantage which this plan pre-
sents 18 the greatly-increased cost, which, it is
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evident, is nearly double that of a single-line
circuit or system of circuits. Tor this reason
it has proved very desirable that some mode
or arrangement of cirenitsshould be obtained
whereby the advantages of the metallic eir-
cult should be retained, and whereby its ehief
disadvantage recited above, should be mate-
rially eurtailed.

To provide such an arrancement of cirenits 6o
and apparatus is the main ohject of myinven-
tion. Heretofore and prior to my invention
the only way devised for the attainment of
this object has been to connect the metallie-
cirenit transmittingand receiving instraments 6
in the bridge-wire of a Wheatstone’s bridge
arrangement of elreuits, effecting a balance by
sultably-proportioned resistances included in
the two branches between the said bridge-wire
and the anion of the direct and return wirves,
and by including a second set of telegraphic
or telephonic instruments in earth branchesat
both ends of the cirenit. In this arrangement

55

the two ecarth-branch instruments work re-

spondently, the bridge-wire instruments also
being adjusted to work with one another only,
and heing Irresponsive to the action of the
earth-branch instruments. This principle of
operation 1s capable of considerable extension
1 practice. Ifor example,the two wires of two
distinet metallie cirenits may be utilized as
the direct and return conductors of a coni-
pound metallie ¢irenit having instruments in
a bridge-wire, in which ease the earth branch
would be extended from the junction-point of 83
the two metallic cireunits, and such a system
may be indefinitely carried out. |

So far as I am aware, Letters PPatent of the
United States No. 287,288, issued October 23,
1835, to Frank Jacob, fully exemplify the state
of the art embodying the principle of opera-
tion hereinbefore deseribed.

My invention is an improvement in the said
art and in the appliances reguired in operat-
Ing the same. Iixperience has demonstrated
that the direct-operating-bridge arrangement
has certain defects which by my invention are
overcome., A considerable portion ef the en-
ergy of the current traversing the cirenit is
dissipated or transformed in the cireunit itself 1co
in overcoming the balancing-resistances, and
the operating-current is necessarily so subdi-
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vided that its action upon the receiving-mag-
nets 1s of an-extremely limited nature.

My 1invention, broadly stated, consists in
bringing the metallic or double-wire instra-
ments ab the terminal stations into inductive

relation by means of converling or repeating
induction-coils with both sides of the circuit,.
mstead of connecting them directly with the

sald cireuit by means of a bridge-wire. The
currents traversing the metallic cireuit are
thus economized. inasmuch as they are only
required to traversea direct circuit, while the

accompanying currents, which are initiated in

the earth branch at either terminal station to
actuate the corresponding receiving - instru-

ment inthe distant earth branch, cannot affect:

the intermediate double-wire instruments, as
the currentgenerated by the said carth-branch
tmnsmltters at any ¢

thus neutralized by its own action.

I provide a double-wire-line circuit, and at

the terminal stations I include in ea(,h wire of
the cireuit an induaction-coil preterably wound
with two insulated wires side by side, one of
which wires 18 directly in ¢ircuit with the dou-

ble-wire line, while the other is connected in

circnit with thesecon dary helix of atelephone.

transmitter and with the coil of a telephone-
receiver. Thus messages from a distant sta-
tion reach the receiver by means of induction
through the converting-coils, one of which is
in the dir ect and the other In the return wire,
while messages spoken in the transmitter de-
velop currents in the secondary circuit of the
induetion coil thereof, and these again by in-
duction develop tertiary currents of coineident
direction with one another inboth converting-
colls simultaneously, which currents, being of
like direction, re - enforce omne 'mothel and
traverse theline to actthrough like converters
upon the distant receiver. To a point of the
metallic circuit at each terminal station, sub-

stantially equidistant from the convutmg

coils, I attach an earth branch, including the
usual telephone-instruments. Telephonlc cur-
rents developed 1n the transmitters at either
terminal station in the earth branches will
traverse bofh direct and return wire in the
same direction—that is, in relation to any in-
termediate point or appliance the current in
both lines will be at any given moment POsi-
tive or negative; hence, ‘ﬁhlle the receiving-

~ telephonein the thtant earth branch will r ead

“instruments.

ily respond to their action the intermediate in-

struments will be totally irresponsive, for rea-

sons hereinbefore stated.
In the drawings illustrating this sl)ec*,lﬁea,-

tion, Figure 1 is a diagram of the plan I adopt

of mductwely cmnectmﬂ* the metallie-cireuit
Fig.21sa (11&0*1"31’11 showing the
combined double -wire and earth-branch SY'S-

-tem -arranged in accordance with my inven-
tlon. Fig. 8 shows dmﬂmmmatlcally the same |

| invention applied in multiple.

iven instant acts upon.
both sides of the double -wire receivers alike,
the current induced in one converting-coil be-
ing opposite 1n direction to that mduced in
'the other at the sameinstant,sothat its effectis

coil 1 at station A, back to the point z.

‘helix.

350,715

_ Flg 418 a de-
tail of the converting induction-coil, and Fig.

5 a detail of the magnetic core thereof.

In Fig. 1, Z represents a single metallic or
double-wire telephone- circuit extending be-
tween two stations, A and B, w and %" being
the direct and return conductors thereof., At
eachstationare two converting induction-coils,
1 and 2, the two insulating-wires of which (be-
ing preferably of substantially identical gage

and length) are wound together, so that each
conduector is in close inductive proximity to

the other throughout its entire length. One
of the conductors, 30, of the converting-coils is

included at each Statmn as shown, in the clr-

cult of the direet wires w and SO that the
said conductors of each ¢oil are virtually
placed in direct circuit serially with the said
line.
said coills are joined up in a local or home.cir-
cuit comprising the receiving or magneto
telephone ¢ and the Secondaly helix of the
transmitting-telephone induetion - ecoil T, the
latter be1110* operated in the usual manner
through the_, intermediation of the primary
helix by the transmitter 7 and battery 8. The
local circuit may be traced as follows: wire
31 of converting-coil 1, secondary transmifter-
coil T, receiving-telephone #, wire 31 of con-
verting-coil 2, and thence by conductor w° back
to the starting-point.
circuit in like manner may be traced from an
arbitrary starting-point,z,atstation A,through
wire 30 of. CO]lVGlI.’II]f" coll 2, line-wire 4o,
through the GOI]Veltlllﬂ'-COIIS 1 and 2 at sta-
tion B and back viw line-wire ' and through
Tach

converting - coil is provided with a soft-iron

magnetic core, which is preterably adjusta-
'-ble with lespect to the extent of its inser-

tion in the helix-spool, (for a purpose which

70
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The other condueting-wires, 31, of the
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The route of the main
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I shall hereinafter describe,) as shown in

Fig. 4, in which a thumb-nut, 15, is mounted
upon a fixed standard, 16, by means of two

flanges, which embrace the forearm of the
said standm-d. The core 18 provided with a
screw-extension, 14, which passes through the
standard-arm, and is fitted to the said nut,

whereby when the nut is turned the screw, mbhl

I10O.

__'I [5

the magnetic core attached thereto,is advaiiced

stations. This branech «' is at both ends umted
to the double-wire cireuit at a point, z or #/,
practically equidistant from the two convert-"

ing-coils 1 and 2, and passes through the regu-

lar telephone- instruments to earth at ¢ g. This

earth-branch extension may of course be con-
structed of any convenient length extending
to the stations G and H, which may be located

-Into or withdrawn from the 111ter10r of the
By using a micrometer or differential
screw the quusbmenb may be effected with
‘any requisite degree of fineness. |
- InTig. 21 show a metallic or wire 1'et11111-~
cireuit, Z, with it§appliances similar in every
1‘6@1)8013 to the eircuit and arrangement de-
‘seribed in Fig. 1, but with the addition of an |
earth-branch extension- 011 cuitatboth terminal
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at a considerable distance from the points z
and 2. The telephone-instruments shown at
each of these stations G and H consist in this
case of a receiving-telephone, ¢, and a trans-
mitter, 7,1in a primary eircuit including a bat-
tery, S, connected with the branch line '
through its induction-coil 9. The instruments
in both terminal branchesare alike, and a de-
seription of one will thus serve for both. T
have found in practice that stations A and B
may freely and readily exchange oral communi-
cations without affecting the instroments at
stations G- and H, and that G and H may in

like manner communicate without interfering .

In any way with messages which may simul-
taneously bein course of transmission between
A and B. Considering, first, the case of the

stations A and DB. the secondary electrical

current generated in the secondary coils T of.

the transmitters traverse the conductors 31 of
the converting-coils 1 and 2, setting up corre-

sponding induced currents therein, which eur-
rents, being at any given moment of similar
sign in the twocoils 1 and 2, re enforce one an-
other and pass over the line-wires w and w'to
the distant station B, where,acting inductively
through the converting-coils1 and 2,they affect
the receiver ¢, reproducing the message trans-
mitted at station A. The two converting-

colls abt the transmitting-station, whether A -

h

or B, may thus be unitedly regarded as the"

source of undulatory electrie energy for the

double-wire circuit, and may be compared to
Lwoseparate cells orsections of voltaic battery:

35 joined up serially, so as to re-enforce one an-
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other. They are therefore enabled to act ef-

fectively through the corresponding convert-

ing-colls in the metallic cireuit at the distant
station upon the receiver there, but have no
eitect upon the carth-branch receiver, beeanse

the currents originated in the metallie circuit

(as & metallic cireuit) continue to circulate

thereinwithoutreferencetothe earth branches
at either end of the double line. Considering,
secondly,the casc of messages transmitted from
the 1nstruments in the ground-branch stations
G oor H,any communication originating, for in-
stance, at the station G will be transmitted by
the instrument 7, and will of ecourse initiate sec-
ondary currents in the ¢oil 9. These voice-cur-

rents upon arriving at the junction-point # di-

vide, as indicated by the arrows, and proceed

partly upon the wire w and partly upon the

wire @’ to the distant station H. Arriving at
the point 2/,they reunite and affect the instru-
ments included in the earth braneh at station
H, reproducing the original messages in the
receivert. Thereceiversab A and Bdo not re-

spond tothese voice-currents, becausethey pass

through the wires 30 of the converting-coils 1
and 2 at both A and B with equal but oppo-
site effect, the current induced in the wire 31
of 1 being opposite to thatinduced in the wire
ol of 2. Theresultant effect, therefore, in the
metallic cireuit receivers is an absolute nen-
trality or mnullity. This neutrality is, how-

ever, contingent upon the equality in resist- |

ance and inductive power of the correspond-
ing converting-coils 1 and 2. They must be
wound as nearly as possible with equal amounts
of insulated wire of the same gage, and an ex-
act balance of inductive power is effeeted by
varying the extent to which two magnetic
cores, ¢, are Inserted into their respective
spools. I have found that by ordinary man-
ual variation alone a substantial balance ecan
readily be cifected. DBy adopting a screw-ad-

Justment, using, preferabl y,amicrometeror dif-

ferential screw, asin Fig. 4, the balance can be
brought with great ease to a perfect exact-
ness; and I have also found that a most effi-
ciently-operating core can be made by rolling
up soft sheet-iron into a eiveular form, as in-
dicated in Fig. 5.

- Ifig. 3 shows the extension or elaboration of
the principles involved. Two separate dou-
ble-wire cireuits, 7% and 7', are employed, each
corresponding in every feature to the circuit
described as 7 in Fig. 2. These are united at
cach end by a loop-wire, w*, provided on each
of its arms with a converting-coil, 5 and 6.
These coils bring into induetive relationto the
line additional sets or stations of telephonic
apparatus, 1If and ¥, and the wires w and w’ of
the circuit Z serve together asonesideof the
Iine-cirenit for these additional stations,while
the wires w and «" of the circuit 7' serve in
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l1ke mamner unitedly for the other side of said

line. Harth branches «* at both ends may
again be attached to the electrical centers
and 2 of both of the above described loops and
contain the stations G and H. It will be seen
that this principle of connection is capable of
indefinite expansion. At station B in Fig. 3
the adjustability of the converting-coil cores ¢
18 Indicated by dotted lines. | |
Way-stations may readily be eonnected with
any of the double-wire cireunits, asshown at J,
the connections being arranged in precisely

-similar manner to the terminal double-wire

stations.

The usual signaling appliances are of course
In practice combined with the above system
1n a manner well nnderstood.

Having now described my invention, I
claim—- |

1. The combination, with a metallic or dou-
ble-wire main cireunit, of local eircuits at two
or more stations located upon the said main
cireuit, the said loecal cireunits including tele-
phone-instruments, and being connected with
the main circuit by means of induction-eoils,
substantially as specified herein.

2. The combination, substantially as herein-
before described, of a metallie or double-line
main circuit and local telephone-cirenits at
the stations located upon the said main ecir-
cuit, each of the said local circuits ineluding

100
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telephones, and being connected with the said

‘main circuit by means of induction-coils, one

of the said coils being included in the outgo-
g and the otherin the incoming line-wire of
the said metallie cireuit,

o. The combination, at a telephone-station,

130



- duction- cmls being 1ncluded in the said local
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of a metallic or double-wire main circuit, a | before deseribed, of a main metallic or doub]e 40

local cireuit, including telephones, and two in-
duction- coﬂs one wire of both of the said in-

circuit, and the other wire of the said coils
being included one 1n each line-wire of the

double-wire circuit, as and for the pmposes

set forth.

4. The cembumtmn in a system ef tele-
phonic eommnnlcnblon of a metallic or dou-
ble parallel-line circuit extendmo between two
or more stations, of local (;uctuts, including
telephone appmretus, connected by means of

induetion - coils with both sides of the said

double-line main cireunit, and earth branches,
including telephones, connected with the said

- metallie circuits at the terminal stations there-

of and at a point between the said induction-
colls, whereby the stations inductively con-
nected with the double-line circuit may be
enabled to communicate with one another to

- the exclusion of the earth-branch stations, and

as

30

vice versa, as hereinbefore described.
. b. Ina system of telephonic communiecation,
a metallic or double parallel-line main cir cmt

‘a series of local circuits, each including tele-

phones, Induction-coils, two for éach local cir-
cuit, connecting the said local circuits with

both sides of the main circuit, one wire of each

coil of a pair being included in the loeal cir-
cuit, and the remaining wire of the two coils
being interposed, one in each line of the me-
tallie circuit, and earth branch cireunits, with
telephones 111eluded therein, united to the said
metallic circuits at the terminal stations there-
of and at a point substantially equidistant from
both induection-coils; substantially as and for
the purposes hereinbefore deseribed.

6. The combination, substantially as herein-

ke
- -

line circuit, a series of local circuits, each in-
cluding telephones, and each connected by
means of induction - coils with both sides of
the double-line circuif, earth branches con-

nected with the said 1netallle circuit ab the ter-

mini thereof and at a point thereof between
the said induction-coils, and adjusting devices
whereby the inductive power of the said coils
may be varied, so that currents passing be-

| tween the earth branches may be accurately
balanced in the two induction- coils, and so

that their effect upon the local-circuit receiv-
Ing-1nstruments may be neutral.

7. The combination, in a system of tele-
phonic cemmunlcatmn of a metallic or double
parallel-line circuit, earth branches, including
telephone apparatus, connected with the me-
tallic circuit at both termini, a series of local
circnits including telephones and a pair of in-

duction-coils for each local cir cuit, whereby the
-sald local circuits are 1nduct1ve1y connected

with both sides of the metallic circuit, asherein

“described, thesaid induetion-coils havmg their

two wires wound together being of approxi-

‘mately equal resistance and inductive power,
and- being provided with adjustable cores,

whereby communication may be 111d1V1dually

‘maintained between the several local - eircuit
instruments and between the earth-branch in-
struments, substantially as set forth.

In testimony whereot I have signed my name

tothisspecification, in the presence of twosub-
;scublng Wltl]ESSB‘S this 17th day of July, 1886.

- JOHN A. BARRETT
- Witnesses:
- GEO0. WILLIS PIERCE,

-THrOS. D. LOCKWOOD.
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