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To all whom it may CORCEFIL:

Be it known that I, NATHANIEL G. .“WARTH,

‘a citizen of the United States, residing at Co-

lumbus, in the county of Franklin and State

“of Ohio, have invented a certaih new and use-

ful Improvement in Telephone - hepeater

1o

20

-~ of 1erbert E. Shreeve, illustrated in Patents |
‘Nos. 791,655 and'791,656, dated June 6, 1905,
“and No. 835,037, dated November 6,1906, the

25

results. -

‘Systems, of which the following is a specifica-

tion..

This invention relates to improvements in

telephone current-repeaters or reciprocal re-
layv-reinforcers and in systems for their opera-
tion of the general character illustrated in

v patent of the United States No. 845,282,
dated February 26, 1907, and- comprises 1n

part. the generic features of the invention
covered by said patent and additional fea-

tures in circuits and apparatus and combina- |

tions thereof for securing new and beneficial

In my system referred to and in the system

transmission from the repeater is effected bi-

directionally at all times, the currents de-

veloped at the repeater being divided and

transmitted to the connected two circults
- simultaieously. This condition results in the

~dissipation of the current set up 1n the sec-

30 ,.
current if directed into the section of circuit
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~ rent interference and distortion in the trans-
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tion of circuit then transmitting, and which

then receiving will increase the volume of

current transmitted to the receiving-tele-

phone and will also be beneficial to the re-
peater service by avoiding conditions of cur-

missions through the circuits connected.

The object of my invention is to- provide

means to accomplish these beneficial fea-
tures, and, further, to secure complete single-
ness of action in the repeater apparatus, and
consequent fidelity to the initial currents, by
avoiding backward or reacting transmission
and consequent -confusion of effects 1 the
repeater apparatus when two or more re-
peaters are included 1n a circuit, thus Frovid-—
ing a pure quality and augmented vo

SIOM. . ) o
The 1nvention consists, essentially, in the

~association of two repeater instrumentalities,

forming a double or twin repeater apparatus,
and with auxiliary apparatus and local cir-
cuits connecting them for operation in com-

J

: ‘ ume ot .
- telephonic long-distance through-transmis-

!

initial currents are received and relayed uni-
directionally. -~~~ . .
‘The present system of repeater apparatus,
local circuits, repeating induction-coil, and -
the association of them with the line-circuits 6o -
comprises features from each of my systems .- |
referred to combined with the additional re--
peater and connections and modification of -
local circuits and coil-windings to secure the
improved results. The twin repeaters are 65
maintained in constantly-balanced-local cir-
cuits to prevent the local self-action termed -
“‘howling” or ‘‘singing,”’ which in other sys-

 tems because of unstable balancing or ab-

sence of balance is frequently developed, in- 70 '.

terfering with their service. =~
‘Where the exigencies of service require or

‘cause two or more repeaters of the idirec-
| tional type to be included in tandem 1n a cir-

euit they react upon each other and repro- 75
duce a sort of composite of the new impulses

from the sending-station and the return im- -
| pulses from the next repeater, resultingin a

confused or blended transmission of the tele-
phonic waves, which at times 1s wholly inar- 8c
ticulate or unintelligible. My arrangement =
of apparatus and cireuits results'in a system
which not only avoids this detrimental condi-
tion for transmission to extreme distances, -.
but provides for the operation of several cir- 85
cuits together by repeaters and secures the
benefits of the improved quality of transmis- -
sion due to the absence of reactive currents : -
and interfering effects, as set forth in my pat- .
ent hereinbefore referred to. ~~ . go
- The drawings herewith are diagrammatic -
illustrations of the invention, showing two

 line-circuits and'a reciprocal unidirectional

twin repeater in each instance. . Additional
line-circuits and additional repeaters would 95
be represented merely by a duplication of

‘the arrangement. -

In the drawings, Figure 1illustrates acom-
pound circuit composed of two circuit-sec- .

| tions associated with a twin telephone-re- 100

peater. Fig. 2 represents a like twin re- -
peater-circuit adapted .to the conditions of a
special ‘form of composite repeating mduc-
tion-coil. S
- In Fig. 1 the two telephonic circuits or cir- 103
cuit-sections 1. L? are composed of line con- -
ductors W W2 on one side and_ line conduc-.

-tors W3 Won the other side of the circuit.ag- -

55 bination with the line—ﬁircmtg whereby the | R? fc}.l_" through repﬁgtgd _

cociated with a twin repeater spparatus R
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tween terminal telephones 8 and 'S*“'.. The
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circuit-sections are divided at the interme-
diate or repeater station or stations by the
nridge conductor H, providing an individu-
alized condifion for each -circuit-section.
The twin repeaters R R? each comprise a re-

cetving electromagnetic element T and T2
respectively, and a transmitting variable re-

sistance element M and M2 respectively, the
sald elements respectively being mechan-

ically associated in repeater relation and the .

twin repeaters R R?* being electrically asso-
ciated 1in double twin or divided local circuits
B? B? and B* B*, respectively. Each of said
local circuits is divi({;d by a bridge which is
utilized to divide the circuit in its association
with 1ts receiver to balance sald receiver lo-

cally against operation by the local repeating

transmitter-currents. The bridge conductor
P is connected to the middle terminal of re-
cerver 1, which.is connected by its outer ter-
minals to bridging conductors Be and Be?,
said bridges being connected at their outer

tarminals to the middle terminals of the local

windings Pe and Pé®, respectively. Bridge
conductor P is common to the bridges Be and
Be? and contains the transmitter element M?

of repeater R* and battery B and terminates
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‘at junction Y with the common conductor

CW, leading to the local windings Pe and
Pe®. The bridge conductor P? for the other
iocal circuit is connected to the middle ter-
minal of receiver T?% which is connected by
1ts outer terminals to bridging conductors
Be? and Bet, said bridges being connected at
their outer ends tosthe middle terminals of

the local windings Pe® and Pet, respectively.

- Bridge. conductor P? is common to the

30

bridges Be® and. Bet and contains. the trans-

mitter element M of repeater R and battery

B and terminates at junction Y? with the
common conductor CW? leading to the local
windings Pe? and Pe¢'. The portion PP? of
these bridges between junctions Y and Y?,

. together with the battery B, are common to
The circuits and

both divided local circuits.
apparatus above enumerated comprise all

- the essentials for o complete telephonic sys-

L7
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tetn for long-distance communication requir-

g repeater service from one or several suc-
essive repeaters.  In ihis view, Fig. 1, the
repeating nduction-coil secondary windings
are disposed as iollows: Windings C and (3
are 1 the 1o cireuit, one being connected i
cach conductor and producing a codperative
How, asd windines C* and C! are in the L2 cir-
cuil, once bemg connected in each conductor
and producing a codperative, Aovw. The ;tW{)
primary windings associated with each jsec-
ondary have their two-outside terminals con-
nected to-their 5resl=]'}ebteive‘-,com mon condue-
tors CW and CW? and have their two inside
terminals connected to their respective
bridge conductors Be, Be?, Be?, and Bet, so

65 that though spjit to conform to the bridge.

850,079 -
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I and balancing requirements the flow of cur-

rent therein is alwavs codperative.  The flow
of the several currents is conventionally indi-
cated as follows: the initial currents in the
main cireuit and the induced repeating-cur-
rents thereirom by long solid arrows, primary
or battery currents by short solid arrows,
and the reproduced or repeated currents by
dotted arrows. An initial transformine line-
current bemg set up at the terminal tele-
phone S* in eircuit-section 2 would at the
repeater-station traverse the repeating in-
duction-coil secondary windings C? C* and

‘the low-resistance bridge connection H and

would induce a like current (also indicated,
as stated; by long solid arrows) In the split
local windings relatively associated. The
flow from windings P¢* traverses the common
conductor CW?* to junction Y?, and the flow
from windings Fe¢! traverses.the same com-
mon conductor to the same junction and

I there unites witii the other current and flows

70
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through conductor PP* battery B, thence

through transiritter M and conductor P* to

the middle terminal of receiver T2, where it
divides, one division energizing receiver T°
by traversing one of its windings aind the
other division
condenser I*. Hach division thence returns fo
s respective winding through the bridge

vassing through the shunting-

95

conductors Be? and Bet, respectively.  Asthe -

tlow of current through the other winding

of recelver T° would-be differential and neu-
trabizing 1n effect, this being an alternating
current, it will select the shunting-condenser

i? for 1ts path and leave the receiver-windipg

on that side unenergized. The energization
of receiver 1° causes the actuation of its re-

peating-transicitter M, which latter varies

correspondingly the resistances of the twin

primary cireults £° and B3, said circuits be-
ing assoclated with circuit-section L as fol-

1t

IO

lows: The variation of resistance stated pro- .

duces a current impulse from battery B,

flowing from its positive pole to the junction

I1\

Y, where, dividing, one division traverses the -

common conduetor UW and the parallel

windings Pe¢? to their middle terminals, from

whence 1t traverses along bridge Bg® to
and through one winding of receiver T,
while the other division traverses common
conduector OW and the parallel windings Pe
to their middie terminals and thence along
bridge Be to and through the other winding

of receiver T, where they again.unite. The

divided currents flow differentially in the

113

two receiver-windings and produce. a neutral

eifect therein. From the middle terminal
of the receiver T the current flows through
the common bridge conductor P -and trans-
imtier M* to junction Y?*, thence through the

common bridging conductor PP? to the nega~
tive pole of the battery, completing the cir-.
cuit. The pulsation in windings Pe énd Pé®
‘Induces a facsimile current pulsation, though

125
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of increased potential, by means of the high-

i0
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wound secondaries into circuit-section 1,
whereby the current pulsation (see the

dotted arrows) is trans:vitted to and oper-.
ates the terminal telephone S, thus com-

pleting the cycle of initial transmission,
repetition, and retransmission.
understood that the reciprocal of these cur-
rent - flows and effects occurs with each

change in the direction of transmission or

“use of the line and also that with additional

I 5
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repeaters in a through-circuit the condi-
tions, effects, and results would be dupli-
cated at each repeater, but of course with
a natural loss of acuteness or quality in the
transmission, ' -

The differential flow of tle battery-cur-
rents in the windings of both the receivers,
which being located in the local circuits, and
thus not subject to any disturbance of their
maintained balances by unbalanced maie-
circuit conditions, is the means for avoiding
the local self-action or howling effect at
all times. The separation or division of the
main - circuit sections by the Jlower re-
aistance bridge and the location of the re-
peater secondary windings therein to operate
each individually 1s the means for avoiding
the usual reactive echo-like efiects other
than the reaction due to backward repeated
transmission from a second repeater, to
which latter condition the present invention
is more particularly directed.

In Fie. 2 is illustrated, as before stated,
the adaptation of my twin unidirectional
repeater system to the conditions of a special

form of composite repeating induction-coil.

In said view the secondary windings C, C?

(¢, and C* may be differentially connected

throughout to secure the advantages of a
neutral core effect for composite through-
transmission. on each side of the circuit for
telegraphic service between telegraphic in-

struments Kand K? and between similar in-

45
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struments K¢ and Kt  This condition 1s also

advantageous to prevent unusual operation |

of the repeaters from slow-acting ringing-
currents, which usually flow in the telephonic
circuit proper. The sectional separation of
the sccondary windings to create separate

fields for the telephonic eflects for each eir--

cuit-section is an advantage in the use of a
coil having a single core, as 1t avoids the

‘effects .of direct induction between any two
crcull-sections.

It will be appreciated that
the coil and associated apparatus as illus-
trated in this view is not relative as to $ize,
but is so proportioned to simplify the iius
tration of the electrical circuits and connec-
tions. The circuits and the current-flows 1n

this view are essentiallv the same as those i

Fig. 1 and need not, therefore, be indicated. .
FFor the establishment of an mitial mag-

it will be’

‘magnet, as is usual with an ordinary receiv-.

ing magneto-telephone. - .
The present system may be operated in

!E-‘T'..'!

connection with various superposed circuits -

and their currents and also with flexible

cord-circuit and other necessary aux:liary
| arrangements. . - |
- Modifications of this invention as illus-—

trated herein may be made without depart-
ing from the imtent and scope thereotf. |

What I claim, and desire to secure by Let-

ters Patent, 1s—

1. In a telephone-repeater system, the

combination with a compound telephone-
30 .

circuit and its telephones, of a twin telephone-
repeater having twin local circuits, means

75

connecting the twin repeater with the com-

pound telephone-circuit inductively and to

operate unidirectionally and reciprocally,
the secondary windings of said inductive

connection being included in the sdid com- -

pound circuit in separated divisions thereof,
the primary windings of said inductive con-

nection being inclug'ed in the local twin cir-
go

cuits with said twin repeater, each twin local

circuit with its respective receiver element of

said twinrepeater being mutually inductively

associated with the secondary windings In .

one of the compound-circuit sections, and
the receiver beiny active to the inward cur-

rents from such inductive association, twmn
local-battery and transmitter circuits em-
braced in said local twin circuits, and asso-

ciated with the transmitter elements, so that
each will operate the opposite or twin pri-
mary windings and produce a neutral state in
their associated receiver elements, whereby,

with associated means, the inward currents’

95

IO

.} » o : v . -
from one section of the compound circuit

will operate its individually-associated re-
ceiver element, which; by actuating its me-

chanically - associated transmitter element,

10

varies the battery-current associated there-"

with and sets up a codperative flow in the

opposite twin primary windings and a difier-

ITO

ential flow 1a their receiver-windings, and
induces the reproduced facsimile currents =
into the associated compound-circuit section

and prevents local self-action of the receiver.
2. In a telephone-repeater system, the.

1]

combination with a compound télephone-.

phone-repeater, means for connecting the

circuit and its telephones, of a twin tele-

same therewith inductively, balanced local

circuits for said twin repeater and in circuit

with sald repeater, whereby the i*eceiviﬁﬁ.

elements of said twir. repeater are rerdere

active to inward-induced telephonic im--

pulses, but inactive to the renewed cutward -

telephonic impulses from the transmitting

elements of said twin repeater, for the pur-
pose of providing retransmissicn ¢f renewed-

power without interfering effects frem local

netic field in the veceivers T and T? for their | action in the twin-repeater apparatus.
e sensitization I.prefei to employ a permanent i

;D .

5
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3. In a telephone-repeater system, th'e' 1-3:::; |
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‘combination mth a twin repe&terfcompusm{r

two repeater units, each having a receiver
element and a transmitter element united in
repeater relation and a main-line circuit di-
vided at the repeater-station and containing
a telephone in each terminal section, of in-

duction-coil windings in each lice-secticn op-

erating 111d1v1duall therewith for both the
mwarg and the outward currents for the re-
peaters, and assoclated induction-coil wind-
INgS hewmg in circuit therewith the four ele-
ments of the repeaters with the receiving ele-
ments balanced against operation bv the

- transmitting elements and associated local

15
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battery, the induction-coil windings oper-

ating with the line for the repeaters induc-

tively and maintaining the aforesaid balance
in the receiver elements. . |

4. The combination in a telephone-re-
peater system cf a twin-repeater apparatus,
comprising two units, each having a receiver
element and a transmitter element united in
repeater relation, a main-line circuit having
teﬁaphones 1n circuit, induction-coil windings
in said line-circuit for the repeater, and asso-
ciated induction-coil windings h%vmrr N clr-

cuit therewith both the receiving and trans-
mitting elements of the.lepeatera which are

oper&ted inductively with said main-line cir-
cult. * |

5. In a telephone-repeater system includ-

Ing a repeater-station, the combination of a

twin - repeater apparatus comprising two
units, each having a receiver element and &
transmltter element united in repeater rela-
tion, a main-line circuit divided at the re-
pea,ter-st&tlon and containing suitable tele-
phones, induction-coil Wlndlngs in each line-

- section that operate for both the inward and

40
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the outward currents for the repeaters, and
associated induction-coil windings hawng In
circuit therewith both elements of the re-

peaters which are 0perated inductively witn

“sald hine-sections.

6. In a telephone- repeater system, the

' combination of a twin- re]ieater apparatus

comprising two units, each having a receiver

element associated w1th a transmitting ele-

ment and united in repeater relation, divided
local circuits for such elements, the division
being such that currents energizing either

receiver element will notaffect the associated

~receiver element, means for operating each

55

- 6o
~ peater system, of a telephonic main-line cir-

cuit having sendmg and receiving stations,
and a repeater-station at an. intermediate

65

receiver element inductively and individu-
ally with a line-section so that the inward
currents in either line-section will energize
its respectwe repeater and the resulting re-

peating-currents set up will be inductively

transmitted to the associated line-section.
7. The combination in a telephone - re-

point, a umdlrectmna,l—re&)eater apparatus at
said repeater-station, an

850,079

tion-coil inductively associating sard main
circuit and the said unidirectional-repeater

. appal atus for mutual operation.

In a reciprocal unidirectional repeater
‘V‘stem the combination of a main-line cix-
cuit with transmitting and receiving tele-

phones, a unidirectional repeater.at an inter-
mediate point, and means inductively asso-

ciating said main circuit and said unidirec-
tlonal-l epeater apparatus to prevent self-ac-

' 1011 1h same.

9. In a tolephﬂne -repeater system, the
combination of a main telephone- (*11‘01111; di1-
vided into .ecircult-sections, twin repeaters
and local circuits, &ubstant}allv as desmbed

70O

75

&c

assceiated induectively with the said main-

cireult sections, and means’ controlled by
cald twin repeaters for reciprocally relaymn‘
the telephonic transmission, said relayed
transmission being 1 one direction from each
transmitter. *

10. The combination in a twin-telephone-
repeater system, of twin receivers and trans-
mitters associated in repeater relation, a re-
peating nduction-coil having plural wind-
ings both secondary and primary, a trans-
Imttuw-hrte having a section on each side of
& lepcate1-5‘(atmn, and means for balancing

the primary windings of said coil whereby

thev are rendered um,mltwu to the. local
curmnts but are sensitive to the inducing-

currents from their respectively associated
line-circuits and corresponding secondary
windings

11. In' a telephone- repeater system, the
combination of main and local circuits, ‘each
of which 1s dnrlded to prevent the initial tele-
phonic currents in said main circuit from be-

ing transmitted directly beyond or across the

Q0

and opemtuw the twin receivers of said twin
| repeaters and connecting them in circuit with

95
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repmtel a twin-repeater apparatus COMPTis-

.1110' twin recervers and tra.nsmltters substan-

tla,lly‘ as specitied, associated i rr.,pea,ter re-
lation, and a repeating induction-coil, the
secondar y windings of which are in the main
circuit and the local windings of which are 1n

circuit with the said rmeater apparatus.

12. In a reciprocal unidirectional reinfore-

irw telephane -repeater system, the combina-

tion of a compound through telephone-cir-
cuit comprising a plurality of main-tine sec-
tions extending between telephone-stutions

110

at a distance, a I)hlI‘ﬁ,lltV of repeater-stations

dividing said main line, twin-unidirectional-
repeater apparatus, substantially as de-
scribed, at each repeater-station, repeating

induction-coils at the repe&ter -stations, indi-

vidual secondary windings of same in each
main-line section at each repeater-station,
with primary windimgs of said repeating-coils
assoclated with the twin repeaters, a local
circuit containing a balanced repeater-yo-
ceiver for the primary windings associated

120
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a repeatmg indue- | inductively witheachline-section; a bridgefor 130
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cach of said local cire uits, having in cireuit | phomc gurrents f“mm one terminal telephone

themwatll the repeater- transmitter of its as-
- soclated twin receiver,

and a source of cur-
rent-supply, Wlwmlwtlw currents set up by
either fransmitter are caused to mduce hke
currents 1nto the adjoining main-line eircuit.

13. In a telephone-repeater system, the

combination of a twin-repeater appam‘itlb in-
St |

cludimg twin recervers and transnutters,
btantmlh* as described, a main tele phom{: CiT-
cut, a bridee dl‘wh'iw said ecircuit, a repeat-
me 11;»:111("{1{}11-(*1)11 hd"l’lllﬂ‘ its secondary in
aaul cireuit, windings of s ald secondary bmw
meluded in sald cnmut on each side of c-,a;.ul
bridge,

hudﬂo,&, for the twin receivers fmd trans smit-

tors of sald twin-repeater app yaratus, said.

local eireuits beinge balanced on each s5ide of
thmr resheciive 1:-1 1dees, and each contalning

primary windimgs of said coil as ssociated with

respective seconda Y windings thereof, each
of said loeal lalm}_ﬁmfr-—bndﬂ'es (,fmmumw a
repeater-transmitter iuld a b%’cely and each
ol said ti‘almmtmis being actuated by the
receiver 1 its twin (}ppmue local emreuit,
cach recerver having one winding shunted by
8 condenser, the said balancing means to-
gother with the said condensers. causing the

recervers to remain insensitive to their opﬂl- -
ating transmitter-currents, but sensitive and

opuratwe to the induced currents from their
respective main-line sections. .
14, The {:ﬂmbmatmn i a telephone-re-

peatej. system, of a transmis ssion-line extend- -
ing betweén transmitting and receiving tele-

plmnes thereon a,:nd twin-r epeater apparatus
assoctated with said fransmission-line for uni-

"'_dlrectlona,l ly repeating the transmitted telm

local circuits contaming balancing--

to the other, sald twin-repeater: apparatus

comprising two : electromagnetic receivers,
cach hzwuw associated in repeater Ielatmn
with it a variable- resistance bransmitfer and

- a local battery, repeating induction-coil pri-
mary and secondary windings in terposed he-

tween ssid twin-repeater &}f}ai‘mm and said

ransmission-line, the said line neing divided

or compounded 1 into two sections at each re-
peater-station, the division'into sections pre-
venting direct fransmission past a repeater
and compelling the vepsated currents to be
eficetive only toward the receiving end of the
compound ecircuit, each of the fwin receivers
bemw in cireuit with the said primary wind-

ings oi sald repeating induction-coil second-

ary windings, and subiect to direct inductive

influence imm tihe cmz{,ntq of one section of
said compound circuit, each of the twin trans-

mitters being in circuit with its opposed twin
receiver and the primary windings in circuit
therewith, and also being in citeuit with said

local hauter**, neans rox wndel ing each trans-
mitter sensitive or active Py its own receiver

and tor setting up currents in its said opposed

recelver and associated primary  windings,
“whereby the opposed receiver
inert and the repeated currents are rendered

1S ‘f“endered

mductively setive for transmission to the as-
sociated or receiving section of line, and
whereby the re 1precal of-such effec ts is se-

40
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cured with each ch,.*mﬂ*{; 1 the mrectmn Gf -

{ransission.
o NATHANIEL_ 3 %fﬂRTH. .
Witnegses | S
Brxns. FINOKEL,
ALIO B, COOK.
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