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COMPANY, INCORPORATED, OF NEW YORXK, N. Y., A CORPORATION OF NEW YORK.

TELEPHONE REPEATER SYSTEM.

Applicaﬁon filed December 27, 1918. " Serial No. 268,466,

To all whom 4t may concern:

Be it known that I, Rox D. Coxway, a
citizen of the United States, residing at
Chatham, in the county of Morris, State of
New Jersey, have invented certain new and
usefnl Improvements in Telephone Repeater
Systems, of which the following is a full,
clear; concise, and exact description. -

This invention relates to telephone re-
peater systems, and more particularly to
such systems in which connecting circuits for
joining telephone lines i
peaters or amplifiers for amplifying talking
currents.

In systems of this character the telephone
lines terminating at a particular central
office may be differently equipped for various
kinds of service, and may vary in impedance.
Tor example, some lines may form sides
of phantom ecircuits, and when so employed
ave equipped with phantoming apparatus;
sther lines may be equipped with composite
apparvatus for permitting the simultaneous
transmission . of ‘both telegraphic or signal-
ing and telephonic currents over the same
Jine, and ‘still other lines may be equipped
with both phantoming and composite ap-
paratus. When a repeater is associated with
any telephone line, it is usual teo associate
with the repeater ap artificial balancing line
ar network (or several such nefworks)
whose impedance simulates that of the tele-
phoné Tine.

It is an object .of this invention to pro-
vide in such systems improved means and
methods for automatically selecting and as-
sociating balancing networks with a re-
peater, when the repeater is connected with
the telephone line.

Tn systems of this character it is also
usual to provide means for disconnecting
composite apparatus from the telephone line
with which it is associated, and if this dis-
connection takes place when a repeater is
associated with a telephone line, it 1s impor-
tant that the composite halancing apparatus
or network be disconnected at the same time.
Tt is therefore another object of this inven-
tion to provide improved means for so anto-
matically disconnecting the composite bal-
ancing network whenever the composite
apparatus is disconnected, whereby the tele-
phone line with which the repeater is asso-

ave equipped with re-.

ciated may be maintained in a balanced con-
dition.

In accordance with the various features
of this invention, each telephone line is pro-
vided with selection-control apparatus op-
erating upon the connection of the central
office connecting circuit with s terminal of
the telephone line, and cooperating with
selection-control apparatus in the connecting
circuit to control the selection of the proper
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balancing network or networks, and the as-

sociation of the selected networks with the
repeater in the connecting circuit, and addi-
tional apparatus associated with the tele-
phone line and connecting circuit, is ren-
dered effective when the selected networks
are associated with the repeater to discon-
nect the line selection-control ~apparatus
from the telephone line. The disconnection
of the composite apparatus from tthe tele-
phone line, while. associated with the re-
peater connecting circuit, causes the opera-
tion of marginal control apparatus provided

in the connecting cirenit whereby the com-

posite balancing network is automatically
and simultaneously disconnected from the
repeater.

For a more complete understanding of
this invention, veference should be had to
the following deseription considered in con-
nection with the accompanying drawings,
which, with Fig. 1 arranged immediately
above Fig. 2, illugtrate one embodiment of
this invention. ‘

Referring . to the drawings, there are
shown telephone lines Nes. 1, 2, 3 and 4,
lines Nos. 1 and 3 having different imped-
ances and requiring different types of bal-
aneing networks, line No. 2 being equipped
with phantoming apparatus 160, and line
No. 4 being equipped with both phantoming
apparatus 123 and composite apparatus 124.
A connecting cirenit A equipped with two
repeaters or anplifiers 100 and 200, one of
which amplifies telephone currents in one di-

rection and the other in the opposite direc-,

tion, is provided at the central office,
Potentiometers 101 and 201 are asso-
ciated with the input circuits of the ampli-
fiers 100 and 200 for controlling the gain of
the respective amplifiers. For controlling
the adjustment of these potentiometers there
are provided three potentiometer-control re-
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Hor balanecing the telephone line.

o

lays 44, 45 and 46, controlled by the tele-
phone lines with which the connect ting cir-
cuit A is associated. Civeuits of the po-
tentiometer control Iela.ys are controlled in

such a manner that if one fel"lﬂ‘ one line re-
qu1re a certain gain, and the other line with
which it is conneoted by means of the con-
necting circuit A requires a greater gain,
then one or more of the three potentiometer-
control relays will be operated to adjust the
potentiometers to give a gain which is ap-
proximately the mean of that required by the
two connected telephone lines whereby the
transmission efficiency in one direction is ap-
proximately equal to that in the other direc-
tion. The potentiometer adjusting relays
44, 45 and 46 are governed by intermmediate
control relays 21, a‘%q 29, 40, 41, 42 and 62
connected with the leads B, C and D. De-
pending upon the galn required for a par-
ticular line, one of these leado or no lead is
connected with a contact of the line selection
control relays of that line. Iach of the
leads after passing through the windings of
the proper intermediate relays, is mulhp]ed
to contacts of the cord selection control
relays.

In order that the different telephone lines,
with which the connecting circuit mcw be
agsociated, may be prmxr]y balanced , there
are prov1ded for association with each of
the amplifiers various balancing networks
in accordance with the requirements of the
different types of -lines. For assceciation
with the respective amplifiers there are pro-
vided phantom balancing networks 102 “and
202, composite balancing networks 103 and
203, basic networks 104 and 105 (of different

impedances) and 204, 205 (of different im-
pedances), and bmldmg-out sections (net-

works) 106 and 206. A basic network is
one which is always employed in b‘ﬂancmn
a telephone line regardless of its impedanc
There may be different types of basic net~
works according to the value of their im-
pedance. For example, a certain type- of
network may be employed in balancing
lines, all having impedances up to a certain
value; another type may be employed for
balancmg te]ephone lines having impedances
falling within certain. edeterm ined limits.
If the impedance of a line is greater than
that of the basic network, then a building-
out section, whose lmperhncn compenswtes
for the difference, is employed, and hoth
basic network and the building-out section
are selected and connected with the repeater
For con-
venience, only a limited number ofbalancu
networks are shown in the drawings, but it
should be understood that in practlce 8
larger number may be employed,—the num-
ber, or course, being determined by the num-
ber of telephone Tines terminating at the cen-
tral office.
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The connection of these networks with the
1‘epeaters is centrolled by 1‘el‘zyc whose selec-
tion is in turn controlled by a selection-con-
trol relay associated with each line (see re-
lay 18 in line 1, relay 60 in line 2, relay 30
in line 8 and Ielay 61 in line 4) and cooper-
ating selection-control relays in the connect-
ing ircuits (see relays 19 and 20 in one end
and relays 31 and 32 in the other end).
These selection-control relays control a set
of intermediate control 1'ehys 21, 33, 39, 40,
41, 42 and 62 for determining which (if
any) of the potentionmeter adjusting relays
are to be operated. '

In order that the selecting apparatus of
only one cord circuit may be effective at a
time for selecting networks common to a
plurality of cord circuits and telephone
lines, there is provided in each cord circuit a
master relay 15. The circuit of each master
relay is controlled by all other such relays,
and when one is energized, the energizing
cireuits of all other master relays ave open.
This 1s brought about by having a common
battery lead ext tnd in one direction through

series contucts of all master relays, and 2
comunon ground extend in the opposite di-
rection through other series contacts of the
master relays.

With this short description of the system
in mind, this invention may be clearly un-
derstood from a description of the operation
of the system disclosed in the drawing. It
will be assumed that line #1 is to be con-
nected with line #3. The central office op-
erator will therefore insert pluo 5 into jack
J* of line #1, and plug 6 into jack J°% of
line #3. The connection of the plug 5 with
the jack J* causes the operation of relays T
and 8 over a circuit from battery through
the right-hand nm'mal contact of master re-
lay 15, windings of relays 7 and 9 in paral-
lel, sleeve contact of the plug 5 and the j‘l(‘L
J%, resistance 81 and the winding of relay 8
to ground. Relay I8 m“rmnll and does
not operate at this time. “The insertion of
the plug 6 into the jack J® of line 43 causes
the opemtlon of 1elay 10 over a vl"cult from
battery through resistance 82, windings of
relays 10 and 11 in harfﬂlel sieev0 contact
of the plug 6 and the jack J?, resistance 83
and the Wmdlmr of relay 12 to ground. Re-
lays 11 and 12 are marginal and do not oper-
ate at this time, ,

It the apparatus of no other cord circuit
]'s selecting at this time, the master relay 15
of cord cireuit A will be operated ever a
cireuit from battery through the normal
contacts of master relays in “other cord cir-
cuits, contact 84 of slow- -operating. switch-
ing relav 17, contact of relay 10, contact of
relay 7, 110hr hand normal contact of switch-
ing relay 16 winding of master relay 15 of
cord cireuit A. ‘mq “contacts of master re-
lays in other cord circuits to ground. The
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opening of the right-hand normal contact
of master relay 15 removes the short circuit
of resistance 83, whereupon this resistance
is included in circuit with relays 7, 8 and 9,
and relay. 8 releases, this relay heing margi-
nal and not holding up in series with the
resistance 85 nor energizing in series with
this resistance.

- Upon the operation of ehe mdstel relay
15 and the release of marginal relay l’nﬂ
selection control relay 18 asqocmted with
line #1 operates over a circuit from battery
thlouo}l the contacts -of other master re-
lays, Teit- hand and middle alternate con-
tacts of master relay 15 of cord circuit 4 )
contact 88 of switching relay 17, ring con-
tacts of the plug 5 and jack J*, lower-nor-
mal contact of marginal relay 8 and the
winding of line selection control relay 18
to ground. The operation of the master re-
lay 15 also causes the operation of selec-
tion-control relays 19 and 20 associated with
the cord circuit A, these relays operating
over a circuit from battery through the
right-hand alternate contact of mas for ve-
lay 15, the right-hand normal comntact of
switching relay 17, conductor 91 and the
windings of selection-control relays 19 and
20 in parallel to ground. The operation of
selection-control relays 18 and 19 causes the
operation of relays 21 and 22 over a.cir-
cuit from hattery through contacts of mas-
ter relays of other cord circuits, the left-
hand alternate contact of master relay 15,
conductor 92, winding of relay 22, noht-
hand contact of selection - control mey 19,
left-hand ‘normal contact, winding and
right-hand normal contact of relay 21? con-
ductor D and the middle contact of selec-
tion-control relay 18 to ground. Relay 21
in operating completes a locking cireuit fox
itself from battery over conductor 92, alier-
nate contact of relay 22, resistance 24; an
alternate contact winding and another alter-
nate contact of relay 21 to ground. The op-
eration of selection-control relays 18 and 20
causes the operation of relay 23 over a cir-
cuit from battery, over conductor 92, wind-
ing of relay 22, conductor 97, left-hand con-
tact of relay 20, lower normal contact ‘wind-
ing and upper ‘normal contact of relay 23,
conductor 98, and left-hand contact of se-
lection- control relay 18 to ground. Relay 23
in operating completes a lockmo circuit for
itself from battery over conductor 92, alter-
nate contact of relay 22, resistance 94 4, con-
ductor 99, an alternate contact and winding

“and another alternate contact of relay 23

to ground. Relay 23, in closing its upper
alternate contacts, connects the basic net-
worle 104 with conductors 134 and 135, and
through these conductors and the normal
contacts of relays 66, 136 and 72, with the
repeater 100 for b‘ﬂ‘mcmn~ the line F1.

The locking up of relays 21 and 23 opens

8

the energizing circuit of relay 22, Whemap(m
this vela‘/ 1elea:eg its ‘nmatme and estab-
lishes an opersting circuit for relay 26,
which now operates. Resistance 25 is con
nected around the alternate contact of IQLM
22 to prevent the release of relays 21 and 23
,V]ule the armature of relay 22 is moving
from its altermate t(\ its normal contact.
The opers 1t1nn circuit for this relay 26 may
be iraced from ba tuely over conductor 92
normal contact of velay 22, winding of relay
26 and resistance 2o in parallel, resistance
24 and windings of relays 21 and 23 in
parallel to 5:1’0111161. The operation of relay
26 causes the operation of slow-opera tmn
relay 17 over a circuit from battery, over
conductor 92, contact of relay 26, conductor
90 and the W’nduw of relay 17 to ground.
The operation of the switchi ng Iehm, 17
opens contact 84 in the energizing circuit of
master relay 15, but before doinﬂr 80, estab-
lishes an alternate holding circuit thevefor
from battery, through COIlL‘l"('? 86 of %Wlich-
ing relay 17, contacts of relays 10 and 7,
110"ht hand normal contact of relay 16, wind-
ing of master relay 15 and contacts of mas-
ter relays of other cord circuits, to ground.
The operation of switching relay 17 opens
its right-hand normal contact in the ener giz-
ing circuit of cord circuit selection- contrel
reldyw 19 and 20, which thereupon release.
Switching relay 17 in opening its contact 88,
opens the energizing circuit of line selec-
tion control 1elay 1&) which thereupon re-
Jeases. The closure of contact 94 of switeh-
ing relay 17 causes the operation of line se-
lection control relay 30 of line .23 over a civ-
cuit from bwtuary through contact 94 of
switching relay 17, left- hand normal contact
of SWJtchmfr relay 18, ring contacts of the
pluP 6 and the j jack J,, lower novmal contact
of marginal relay 12, and the winding o7 line
selection control relay 30 to ground. The
closure of the right-hand alternate contact

of switching reldy 17 causes the operation of.

selection-control reiays 31 and 32 over a cir-
cuit from battery, through the right-hand
alternate contacts of master relay 15 and
switching relay 17, conductor 93, and the
Wmdm(rs of relays 31 and 82 in parallel to
ground

The operation of selection-control relays
30 and 81 causes the operation of relays 33
and 34 over a circuit from battery, over con-
cuctor 92, winding of relay 34, 2 contact of
selection-control Ielay 31, conductor 80,
normal contact and WlIldlIlO‘ and anothex
normal contact of relay 33 conductor C,
and the right-hand contact of selection-con .
trol relay 30 to ground. Relay 33 in op-
erating completes a locking circuit for itself
from b%ttery, over conductor 92, alternate
contact of relay 34, resistance 146, an alter-
nate contact and Wlndmcf and another alter-
nate of relay 33, and Wmdlno of relay 39
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A

to ground. Relay 89 in operating causes the
operation of potentiometer-control relay 45,
which changes the adjustment of both
potentiometers.

The operation of selection-control relays
30 and 32 before referred to, causes the
operation of relay 37 over a civeu't from bat-
tery, over conductor 92, winding of relay 34,
conductor 89, middle contact of selection-
control relay 32, lower normal contact wind-
ing and upper normal contact of relay 37,
conductor 95 and middle contact of line se-
lection control relay 30 to ground. Relay 37
in operating completes a locking cireuit for
itself from battery, over conductor 92, alter-
nate contact of relay 34, resistance 146, an
alternate contact and winding and another
alternate contact of relay 37 to ground. The
operation of relay 87 connects basic network
205 to conductors 156 and 157, and through
these conductors and the contacts of relays
49, 68 and 47 with repeater 200 for balane-
ing line #3. Upon the energization and
locking-up of relays 33 and 37, relay 34 re-
leases, thereby opening its alternate and clos-
ing its normal contacts. Resistance 147 is
connected around the alternate contact of
relay 34 to prevent the release of relays 33
and 37 while the armature of relay 34 is
moving from its alternate to its normal con-
tact. Upon the closure of the normal con-
tact of relay 34, relay 38 operates over a cir-
cuit from battery, over conductor 92, normal
contact of relay 84, winding of relay 38 and
resistonce 147 in parallel, resistance 146, the
windings of relays 83 and 37 in parallel,
and the winding of relay 39 to ground. The
operation of relay 38 causes the operation of
switching relay 16 over a circuit from bat-
tery, over conductor 92, contact of relay 38,
conductor 96 and the winding of switching
relay 16 to ground.

The operation of switching relay 16, by
opening its right-hand normal contact, opens
the circuit of master relay 15 and causes the
release thereof, but before this circuit is

‘opened, a holding circuit for the other re-

lays, which are held up over conductor 92,
is established at the right-hand alternate
contact of switching relay 16. This holding
circuit for these relays may be traced from
battery through contact 86 of switching re-
lay 17, contacts of relays 10 and 7, right-
hand alternate contact of switching relay 16,
conductor 92, and windings of relays 21, 23,
26, 33, 87, 38 and 39 to ground. The open-
ing of the left-hand normal contact of
switching relay 16 opens the energizing cir-
enit of line selection control relay 30,
which thereupon releases its armatures. The
closure of the left-hand alternate contact of
switching relay 16 establishes a short circuit
for the resistance 82, thereby permitting the
operation of marginal relay 12 which dis-
connects the line selection control relay 30

1,442,425

from the ring talking strand, and connects
the line conductors of line #3 to the tip and
ring contacts of the jack of that line. The
release of master relay 15 opens its right-
hand alternate contact, thereby opening the
energizing circuits of selection control relays
31 and 32, which thereupon release their
armatures. The closure of the right-hand
normal contact of master relay 15 establishes
a short circuit for the resistance 85, where-
upon marginal relay 8 of line #1 operates
to disconnect the line selection control relay
18 from the ring talking conductor, and to
connect the line conductors of line #1 to
the tip and ring contacts of the jack of that
line. Line #1 1s now balanced by basic net-
work 104 and line #3 by basic network 205,
and the potentiometers 101 and 201 are set
so that the two upper sections thereof are
effective. The two lines #1 and #3 being
connected together by the cord circuit A and
its repeaters 100 and 200, are in condition
for conversation between the stations joined
thereby.

It will be apparent that the selection of
the networks and the adjustment of the po-
tentiometers to obtain the proper gain of the
repeaters, take place before the two lines are
connected together, thereby avoiding dis-
agreeable clicks over the lines.

Tf connection is to be established between
line #2 and line #4, the plugs 5 and 6 of
the cord circuit A are inserted into jacks dJ,
and J, of the respective lines. The connec-
tion of the plug 5 with the jack J, causes the
operation of relays 7 and 56, while the in-
sertion of the plug 6 into the jack J, causes
the operation of relays 10 and 59. The
operating circuit for relays 7 and 56 is from
battery through the right-hand normal con-
tact of master relay 15, the windings of re-
lays 7 and 9 in parallel, sleeve contacts of
the plug 5 and the jack J,, resistance 73 and
the winding of the marginal relay 56 to
ground, and that for relays 10 and 59 is from
battery, through resistance 82, windings of
relays 10 and 11 in parallel, sleeve contacts
of the plug 6 and the jack J,, normal con-
tact of relay 120, and windings of relays 59
and 57 to ground. Relay 57 is marginal and
does not operate when resistance 82 is in cir-
ciit therewith. Relay 11 is also marginal
and does not operate when connected in cir-
cuit with relays 59 and 57. The operation
of relays 7 and 10, if the apparatus of no
other cord circuit is at this time selecting,
causes the operation of master relay 15 in
the manner previously described. Relay 15
in opening 1ts right-hand normal coutact,
removes the short circuit of the resistance
85, thereby including this resistance in cir-
cuit with velays 7, 9 and 56, whereupon mar-
ginal relay 56 releases its armatures, closing
an operating circuit for line selection con-
trol relay 60.
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Line selection control relay 60 of line #2
thereupon operates over a circuit from bat-
tery, through the contacts of master relays
of other cord circuits. right-hand alter-
nate contact of master relay 15, contact 87
thereof, contact 88 of switching relay 17,
ring contacts of the plug 5 and the jack J,.
lower  normal contact of relay 56 and the
winding of relay 60 to ground.  Selection-
control relays 19 and 20 are likewise oper-
ated upon the energization of master relay
15, their operating cirenit being that pre-
viously traced in connection with the estal-
lishment of connection betweén lines #1
and 3. _

The operation of line selection control
relay 60 and selection-control relay 19 causes
the operation of relays 22, 62 and 70. Re-
lays 22 and 62 operate over a circuit from
battery, over conductor 92, winding of re-
lay 22, a contact of selection-control relay
19, conductor 121, a normal contact and
winding and another normal contact of re-
lay 62, conductor B and a contact of line
selection control relay 60 to ground. Relay
62 in operating completes a locking cireuit
for itself from battery, over conductor 92,
alternate contact of relay 22, resistance 24,

‘an alternate contact and winding and an-

other alternate contact of relay 62, and the
winding of relay 39 to ground. Relay 39
in operating causes the operation of poten-
tiometer-control relay 45 which alters the
setting of the potentiometers. Relay 70
operates over a circuit from battery, over
conductor 92, winding of relay 22, a contact
of selection-control relay 19, left-hand nor-
mal contact, winding and right-hand nor-
mal contact of relay 70, canductor 74 and a
contact- of line selection control relay 60 to
oround. Relay 70 in operating completes a
locking cireuit for itself from battery sup-
plied over conductor. 92, through the alter-
nate contact of relay 22, resistance 24 and
left-hand alternate contact of relay 70,
winding and right-hand alternate contact
thereof to ground. Relay 70 in operating,
causes the operation of relays 71 and 72
over a circuit from battery through the
windings of these relays and a right-hand
alternate contact of relay 70 to ground.
The operation of relay 72 opens up contacts
of conductors 134 and 135, and the operation
of relay 71 connects the phantom balancing
get 102 in circuit with these conductors for
balancing the phantom repeating coil 160
connected in line 2. ‘

The operation of line selection control
relay 60 and selection control relay 20 causes
the operation of relays 63 and 64. Relay 63
operates over a circuit' from battery sup-
plied over the ‘conductor 92, through the
winding of relay 22, middle contact of se-

. lection-contrel relay 20, lower normal con-

tact, winding and upper normal contact of

>

relay 63, conductor 75 and a contact of line
selection control relay 60 to ground: Relay
63 in operating completes a locking circuit
for itself from battery supplied over con-
ductor 92, through alternate contact of relay
22, resistance 24. an alternate contact and
winding and another alternate contact of
relay 63 to ground. The closure of the
uppermost contacts of relay 63 connects the
basic network 105 with conductors 134 and
135. The operating crcuit for rvelay 64
may be traced from battery supplied over
conductor 92, through the winding of relay
22, right-hand contact of selection-control
rvelay 20, left-hand normal contact, winding
and right-hand normal contact of relay 64,
conduactor 76 and a contact of line selection
conirel relay 60 to ground. Relay 64, in
operating. completes a locking circuit for
itself from battery supplied over conductor
92, through the alternate contact of relay
22, resistance 24, left-hand alternate contact,
winding and right-hand alternate contact of
relay €4 to ground. The operation of relay
64 causes the operation of relays 65 and 66
over a circuit from battery through the
windings of these relays and a right-hand
alternate contact of relay 64 to ground.
The operation of relay 66 onens up contacts
in conductors 134 and 185 and the opera-
tion of relay 65 connects building-out section
106 with these conductors. The basic net-
work 105, building-out section 106 and the
phantom balancing set 102 are now connect-
ed with the repeater 100 for balancing line
#2 and the phantoming apparatus con-
nected thereto. When relays 63, 64 and 70
have been energized and locked up, the cir-
cuit of relay 22 is opened, whereupon this
relay releases its armature, completing a cir-
cuit for relay 26. The resulting operation
of relay 26 causes the operation of slow-
operating switching relay 17. ‘
The operation of relay 17 through the
opening of its contact S8 and .right-hand
normal contact, causes the release of line se-
lection control relay 60 and selection con-
trol relays 19 and 20. The release of relay
60 removes a short circuit of marginal re-
lay 56, thereby conditioning this relay for
operation upon the subsequent release of
master relay 15. The operation of switch-
ing relay 17 also causes the operation of line
selection control relay 61 over a circuit from
battery through contact 94 of relay 17
teft-hand ncrmal contact of relay 16, ring
contacts of the plug 6 and the jack J,, a nor-
mal contact of marginal relay 57 and wind-
ing of relav 61 to ground. Relavs 61 and 59
being operated, relay 58 operates and locks
up independent of the contact of relay 61.
The operation of switching relay 17 also
causes the operation of selection-control
relays 31 and 32 over a circuit from battery
through the right-hand alternate contact of
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master relay 15, right-hand alternate con-
tact of switching relay 17, conductor 93 and
the windings of selection-control relays 31
and 82 in parallel, to ground.

The operation of line selection control
relay 61 and selection-control relay 32 causes
the operation of relays 34 and 77 over a
circuit from battery supplied over conduc-
tor 92, through the winding of relay 34,
conductor 89, right-hand contact of relay
32, lower normal contact, winding and up-
per normal contact of relay 77, conductor
78 and a contact of line selection control
relay 61 to ground. Relay 77 in operating
completes a locking circuit for itself from
battery supplied over conductor 92, through
the alternate contact of relay 34, resistance
146, an alternate contact winding and an-
other alternate contact of relay 77 to ground.
The closure of the uppermost contacts of
relay 77 connects the basic network 204
with the conductors 156 and 157. The op-
eration of line selection control relay 61
and selection control relay 32 also causes
the operation of relay 36 over a circuit from
battery supplied over conductor 92, through
the winding of relay 34, conductor 89, left-
hand contact of relay 32, right-hand nor-
mal contact, winding and left-hand normal
contact of relay 36, conductor 79 and a con-
tact of relay 61 to ground. Relay 36 in
operating completes a locking circuit for
itself over a circuit from battery supplied
over conductor 92, through the alternate
contact of relay 84, resistance 146, right-
hand alternate contact, winding and left-
hand alternate contact of relay 36 to ground.
The closure of a left-hand alternate con-
tact of relay 36 causes the operation of re-
lays 49 and 50, the former opening up con-
tacts in conductors 156 and 157 and the
latter connecting the phantom-balancing set
202 with these conductors for balancing the
phantom coil 123 connected in the line #4.

The operation of line selection control
relay 61 and selection control relay 81 causes
the operation of relays 35 and 67 to control

the connection of the composite balancing”

set 203 and the building-out section 206
with conductors 156 and 157 for assisting
in balancing the line #4. The operating
circuit for relay 35 may be traced from bat-
tery supplied over conductor 92, through
the winding of relay 34, a contact of relay
81, right-hand normal contact, winding and
left-hand normal contact of relay 35, con-
ductor 29 and a contact of relay 61 to
ground. Relay 35 immediately completes 2
locking circuit for itself from battery sup-
plied over conductor 92, through the alter-
nate contact of relay 84, resistance 146,
right-hand alternate contact, winding and
left-hand alternate contact of relay 35 to
ground. The closure of a left-hand alter-
nate contact of relay 35 causes the opera-
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tion of relays 47 and 48, the former open-
ing up conductors 156 and 157, and the lat-
ter connecting building-out section 206 with
these conductors. The operating circuit for
relay 67 may be traced from battery sup-
plied over conductor 92, through the wind-
mg of relay 34, a contact of relay 31, con-
ductor 122, right-hand normal contact, wind-
ing and left-hand normal contact of relay
67, conductor 28 and a contact of relay 61
to ground. Relay 67, in operating, com-
pletes a locking circuit for itself which may
be traced from bhattery supplied over con-
ductor 92 through the alternate contact of
relay 34, resistance 146, right-hand alter-
nate contact, winding and left-hand alter-
nate contact of relay 67 to ground. The
closure of a left-hand alternate contact of
relay 67 causes the operation of relays 68
and 69 over a circuit from battery through
the contact of relay 11, conductor 27, wind-
ings of velays 68 and 69 and a left-hand
alternate contact of relay 67 to ground.
The operation of relay 68 opens up the con-
ductors 156 and 157, and the operation of
relay 69 connects composite balancing set
203 with these conductors. Relays 77, 30,
67 and 85 are now locked up, whereupon
the energizing circuit of relay 34 is opened.
The resulting rvelease of this relay 34 closes
an operating circuit for relay 38 which may
be traced from battery supplied over con-
ductor 92, through the normal contact of
relay 34, winding of relay 88 and resistance
147, resistance 146 and the windings of the
four relays 35, 36, 67 and 77 in parallel to
ground.

Relay 88, in operating, causes the opera-
tion of switching relay 16 over a circuit from
battery supplied over conductor 92, through
the contact of relay 38, conductor 96 and
the winding of switching relay 16 to ground.
The closure of the right-hand alternate con-
tact of relay 16 supplies battery to conduc-
tor 92, through the contacts of switching
relay 17 and relays 7 and 10, so that upon the
opening of the right-hand normal contact
of reluy 16 and the resulting release of rela
15, relays 26, 33, 38, 63, 64, 67, 70 and 77 will
be held up over conductor 92. The opening
of the left-hand normal contact of relay 16
causes the velease of line selection control
relay 61, and the closure of the left-hand
alternate contact of this relay 16 establishes
a short circuit for the resistance 82, where-
upon marginal relay 57 of line ;4 operates.
This relay 57 in operating opens its normal
contact, disconnecting the.line selection con-
trol relay 61 from the line 4; closes its
upper and middle alternate contacts, con-
necting the line wires of line #4 with the
tip and ring contacts of jack J,; and closes
its lower alternate contact, causing the oper-
ation of marginal relay 120 over a circuit
from battery through contact 94 of switch-
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ing relay 17, left-hand alternate contact of
switching relay 16, windings of relays 10 and
11 in parallel, sleeve contacts of the plug 6
and the jack J,, winding of relay 120, left,
hand contact of relay 58 and the lower alter-
nate contact of relay 57 to ground. The op-
eration of relay 120 closes its lower alternate
contact before the normal contact thereof is
opened, whereby relays 59 and 57 are main-
tained energized when their original ener-
gizing. circuit is opened. - Master relay 15,
i releasing upon the energization oi the
switching relay 16, closes its right-hand noz-
mal contact, thereby establishing a short
circuit for the resistance 85, whereupon the
marginal relay 56 iz cperated to disconnect
line selection control relay 60 from the line
and to extend line 42 with the tip and ring
contacts of the jack J,. Lines 2 and 4 are
now connected for conversation with basic
network 105, building-out section 106 and
the phantom balancing set 102 connected
with the repeater 100 for balancing line #2,
and the phantom cotl 160 connected there-

“with and with basic network 204, building-

out gection 206, phantoin balzncing set 202
and composite balancing set 203 connected
with the repeater 200 for balancing the line
#-4 and the phantom coil 128 and composite
124 connected therewith.
The settings of the potentiometers 101 and
201 are such that the two upper sections
thereof are effective for controlling the in-
puts of the respective amphfiers.

If awhile lines 2 and-4 are connected for
conversation, the composite set 124 is discon-
nected from line #4, the organization of
apparatus and circuits is such that the com-
posite balancing set 203 is immediately and
automatically removed from the circuit.
The disconnection of the composite get is
brought. abont by connecting a plug 125 in
each of the jacks 126 and 127, whereupon
relays 128 and 129 operate over a circuit
from battery through the winding of relay
128, alternate contact of jack 127, alternate
contact of Jack 126 and the winding of relay
129 to ground. The operation of these two
relays disconnects the composite set 124 from

“line 4, and reestablishes the line through

the aliernate contacts of these relays. Re-
lay 128 also closes its lower alternate contact,
thereby ineluding resistance 130 in parallel
with the winding of velay 120, thereby re-
ducing the resistance in circuit with the con-
trol relay 11 whereupon this relay operates
to open the energizing circuits of relays 68
and 69:. The release of relay 69 disconnects
the composite balancing set 203 from the
conductors 156 and 157, and the release of
relay. 63 veestablishes the continuity of con-
ductors 156 ‘and 157.

in the earlier part of the description of
the systemn shown. in the drawings, it has

been stated that for-convenience -only a lim-

"network, or relays similar

2.

ited number of basic networks. building-out
sections, composite halancing sets and phan-
tom balancing sets were shown, and that in
practice the nuraber of these balancing ar-
rangements would very likely be greatly in-
creased, depending, of course, upon the num-
ber and different types of lines entering the
central office. It other balancing arrange-
ments similar to those shown in the drawing
are to be provided, then, for each such bal-
ancing arrangement, there must be provided
a relay, similar to relay 23, for each basic
t0 70, 71 and 72
for each balancing-out section, composite
balencing set and phantom balancing set.
Hach control relay similar to 23 and 70, so
provided, would be controlied in the same
manner, namely,
necting circuit s 0 control relay simi-
lar to 19, and from a contact on a line selec-
tion control relay similar to 18,

In order that a complete understanding
may be had of the manner in which the po-
tentiometer-control relays 44, 45 and 46 ad-
just the potentiometers 101 and 207 to secure
a gain suitable for the lines which are con-
nected together by means of the cord circuis

A, the following brief description of the op-

eration of the intermediate control relays 21,
33, 89,40, 41, 42 and 62 will be given, These
intermediate control relays are, of course,
under the control of the cord and line selec-
tion control relays.

It two lines of the type represented by
line #1 are connected together by means of
the cord cirvcuit A, then intermediate control
relays 21 and 40 operate and lock up, caus-
ing the energization of potentiometer-con-
trol relay 45 over a circuit from battery
through the winding of this relay, extreme
left-hand contact of relay 40 and extreme
right-hand centact of relay 21 to ground.
The two upper zections of the potentiome-
ters are therefore effective for controlling
the gain of the repeaters. Upon the con-
nection of the cord circuit & with two lines;
of the type represented by line 42, then in-
termediate control relays 41, 62 and 39 are
operated. Relay 39 causes the operation of
potentiometer-control relay 45, and the op-
eration of relays 62 and 41 causes the opera-
tion of potentiomster-control relay 46 over a
cireuit from battery, through the winding of
this relay 46, extreme right-hand contact of
relay 62, and extreme left-hand contact of
relay 41 to ground. With potentiometer
control relays 45 and 46 overated, the po-
tentiometers are adjusted so that the three
upper sections thereof are effective for con-
trolling the gain of the repeaters. If two
lines of the type represented by line ££3 are
connected together by means of the cord cir-
cuit A, then intermediate control relays 33,
39 and 42 are operated, relay 39 causing the
operation of potentiometer-control relay 45,

% contact on a con-
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and the operation of relays 33 and 42 caus-
ing the operaticn of potentiometer control
relay 44 over a eircuit from battery through
the winding of this relay 44 and the ex-
treme right-hand contacts of relays 33 and
4% to ¢

relay is operated, all of the sections of
the potentiometer sre effective for control-
ling the gain of the vepeaters. If two lines
of the type represented by line 4 sve con-
nected together, none of the intermediate
control or potentiometer-control relays are
operated, whereby the setting of the poten-
tlometers remains n 2] <vith the upper of
the four sections thercof effective for con-
trolling the gain of the repeaters.

Tf Jine #1 is connected with line
through the cooperation of the plug 5 with
line #1 and the plag 6 with line #2, then
intermediate control relays 21, 39 and 41
are operated, and if by the ccoperation of
the piug 6 with line #1 and the plug 5 with
line 2, interinediate control relays 42, 62
and 89 are operated. In either case, poten-
tiometer control relay 45 is operated, render-
ing the two upper sections of the potentiome-
tevs effective for controlling the gain of the
répeaters. When line #1 1s connected with
line #3 through the cooperation of the plug
5 with line #1 and the plug 6 with line #3,
intermediate control relays 21, 33 and 39 are
operated, and when through the cooperation
of the plug 6 with line #1 and the plug 5
with line #8, intermediate control relays
40, 42 and 39 operated. In either case,
potentiometer-control relay 45 is operated.
With line #1 connected with line x4
through the cooperation of the plug 5 with
line #1 and the plug 6 with line :£:4, inter-
mediate control relay 21 is operated, and if
through the cooperation of the plug 6 with
line 1 and the plug 5 with line $:4, interme-
diate control relay 40 is operated. In either
case, none of the potentiometer-control re-
lays are operated, whereby the setting of the
potentiometers is not altered.

Should lIine #2 be connected with line 43
through the cooperation of the plug § with
the former and the plug 6 with the latter, in-
termediate control relays 62, 33 and 39 ave
operated, causing the operation of potenti-
ometer-control relays 45 and 46, and if
through the cooperation.of the plug 6 with
line #2 and the plug 5 with line #3, inter-
mediate control relays 41, 42 and 39 are op-
erated to cause the operation of the same
potentiometer-control relays. By connecting
together lines 42 and #4 through the co-
operation of the plug 5 with the former and
the plug 6 with the latter, intermediate con-
trol relays 62 and 39 are operated, which
cause the operation of potentiometer control
relay 45, while through the cooperation of
the plug 6 with line #2-and the plug 5 with
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line #4, intermediate control relays 41 and

round. YWhen potentiometer control:
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39 operate to cause the opervation of the
same potentiometer-control relay. S
The connection Iines #£3 and- 404
threush the cooperation of the plug 5 with
Iine 3 and the plog 6 with line #4, causes
peration of intermediate conirol relays
42 and 39, and through the cooperation of
rlug 6 with Iine 3 and the plug 5 with
ine 4, causer intermediate. control relays
I 39 to cperate. In either po-
tentiometer-control relay 43 is operated.
What is claimed is: '
. kn o telephone

LOACH L
L/\/LX

£
(833

aSe

helwt

¥ gystem, in
combination, a telephone Iine, an artificial
balancing line, a repeater, a connecting cir-
enit for associa

reneater

(8

ting the repeater with the
telephone Hne, a contrel relay normally as-
sociated with the telephone line, a control
relay ussociated with the connecting circuit
and cooperating with the. line control relay
upon the association of the connecting cir-
cnit with the telephone line for controlling
the connection of the artificial line -with
the vepeater for halancing the telephone
line, and means thereupon rendered effective
for dizconnecting the line control relay from
the telephone line.

2, Tn a telephone repeater system, in com-
sination. a telephone line, an artificial bal-
ancing line, a repeater. & connecting circuit
for associating the repeater with the tele-

hone line; o control relay nermally asso-
ciated with the telephone line, a control re-
lay associated with the connecting circuit
and cooperating with the line control relay
upon the associaticn of the connecting cir-
cuit with the telephone line for controlling
the connection of the artificial line with the
repeater for balancing the telephone line,
and a relay thereupon rendered effective for
disconnecting the line control relay from the
telephone line.

3. In a telephone repeater system, in com-
bination. a telephone line, an artificial bal-
ancing line, a repeater, a connecting circuit
for associating the repester with the tele-
phone line, o control relay normally asso-
ciated with the telephone line and operating
over a circuit including a portion of the talk-
ing circuit of the associated line and con:
necting circuit, a control relay associated
with the connecting circuit and cooperating
with the line control velay to control the
association of the artificial balancing line
with the vepeater for balancing the tele-
phone line, and a relay operating after the
association of the artificial balancing line
with the repeater for disconnecting the line
control relay from the telephone line.

4. In a telephone repeater system, in com-
bination, a telephone line, an artificial bal-

ancing line, a repeater, means for associating -

the repeater with the telephone line, a con-
trol reley normally associated with the tele-
phone line, a control relay associated with
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the ronnecting means; a relay operating
when Loth control velays are energized to
associate the astificial balancing line with
the repoater for balancing the telephone line
and u relay thereafter responsive for dis-
connecting the line control relay from the
telephone Tine. ~

5. In a telephone repeater eysfem in com-
bination, a plurality “of telephone lines, a
plurality of artificial balancing lines, a re-
peater, means for connecting the repeater
with one of the telephone hnes, a selection-
control relay normally connected with the
engaged -telephone line, a selection-control
relay associated with the connecting means
and cooperating with the line selection con-

- trol relay to- select and connect with the re-

peater one of ‘the artificial balancing lines,
and a relay rendered effective upon the con.
nection of the artificial line- with the re-
peater for. disconnecting the line selection

-control relay from the telephone.line.

6. In a telephone repeater system, in com-
bination, a plurality of telephone lines, a
plurality of artificial balancing.lines, a Te-
peater, means.: for connecting the repeater
with one of the telephone lines, a s selection-
control relay operating over a circuit in-
cluding a portion of the talking circuit of
the telephone line and the connecting means,
a selection-control relay associated with the
connecting means and cooperating with the
operated line selection control relay to select
and - connect with the repeater one of the

-artificial balancing lines, and means rendered

effective upon the connection of the ' arti-
ficial line with the repeater for disabling
the operating circuit of the line selection con-
trol relay. ,

7. In a telephone repeater systém, in com-
blnatmn two telephone lines, a plumhty of
ba]ancmw lines, two repeaters for intercon-
necting said. telephone lines, means for as-
souetma the repeaters: with the respective
telephone lines, means for selecting and as-

sociating one of the. balancing lines with
each. 1'epeafer for balancing the respective
associated line, means responsive to the as-
sociation of the repeaters with the telephone
hnes for rendering the selecting means effec-
tive

for: se]eehlm one imhnmw Tine, and

ans operative after such selection for ren-
dering the selecting means effective for se-
lecting another lnlancmv line.

8. Tn a telephone repeater system; in com-
hination. two telephone lines; a plmahh of
balancing lines, two repeaters for intercon-
necting said te lephone hines, means for asso-
clating the repeaters with the respective tele-
phone lines, means for -selecting and . asso-
ciating a bfﬂanuno line, with each repeater
for b.ﬂ(mcmo the. Ieepectlve associated lines,
a switching 1elay operating upon. the asso-
cmtlon of the lepeaters with both lines for

o

auging the selecting means to select and as-
sociate a baldnemo ling with one repeater,
and a switching relay rendered effective
upon the selection of the one balancing line
for causing the selecting means to select and
connect w ith the other 1epeater another bal-
ancing line.

9. Tn a telephone Jepewter system, in com-

bination, a telephone line; auxiliary appa-
ratus associated therewith, a repeater, an
artificial balancing line for balancing the
telephone line, an ‘muhzuy balancing set for
balancing the auxiliary apparatus, means
for ‘Lssocmtma the artificial line and aux-
iliary set with the repeater-for balancing the
telephone line and associated aumhary ap-
paratus, means for disconnecting the aux-
iliary qppqmtus from the telephone line, and
marginal means responsive.to such discon-
nection to disconnect the auxiliary balancing
set from the repeater.

10. Ina telephone repeater system, fin
combination, a telephone line, auxiliary ap-
paratus associated therewith, a repeater, an
artificial balancing line for ‘balancing the
telephone line, an auxiliary b%lancmrr set
for balancing the aus viliary apparatus, means
for assocmtlna the ‘artificial line and aux-
iliary- set with the repeater for: balancing
the telephone “line and associated auxiliary
apparatus, means for disconnecting the aux
iliary appavatus from the telephone line, a
marginal relay operating upon:such dlscon—

'metlon, and means responsive to the oper

tion of the relay for disconnecting the aux-
1hzuy balancing set from the repeater

11 In o telephone repeater system, in
combination, a telephone line, auxiliary ap-
paratus associated therewith, a repeater; an
artificial h‘llancmn line for balancing ‘the
telephore line; cLIlehalV balancing set for
balancing the eu\l]mr appar 1tns mesns
for cmssocmtmo the a,ltlﬁcml Jine and aux-
iliary set with “the repeater for balancing the
telephone line and associated ux1lmry ap-
paratus, means for chsconnectmtr the ‘aux-
iliary apparatus from the telephone line, a
marginal relay controlling the disconnection
of the auxiliary balancmu set from the re-
peater, and an oporatmcr circuit. therefor
whose resistance is-lowered by the diseonnec-
tion of theauxiliary apparatus from the tele-
rhone Imeﬁ whewn the rnmfmul relay 18
operated

12.:In a telephonc repeater system, in

mmhln wion, a plurality of telphone lines, = 1

repeater, a' plurality  of balancing lmes,

ewttehmn means for associating once of the.

balanmno lines with the 1epeater, and . means
responsive to said -association for -subse-
quently connecting the repeater and balane-
ing line with a telephone line whereby. saic
1epumtex' 1is- made responsive to-currents ‘in
said lemt mentloned telephone line.
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13. I w telephone repeater system, in
combination,. a plumhuy of telephone lines,
terminal apparatus for each telephone line
normally diseonnected thervefrom:.a repeater,
means for connecting the vepeaten with: the
terminal apparatus of one Line;: & plurality
of artificial balancing lines, switching means
for associating. one of the bdhmclngj lines
with the- mpeater. and: means for subse-
quently connecting: the-associated. balancing
Iine, nepeater and- terminali apparatus with
the telephone line- whereby: said: repeater: is
made responsive to: currents in saids last-
mentioned telephene:line.

14« Ini a telephone repeater: system; in
combination,. two-telephornie: lines, a plurality
of balancing: lines; a: connecting eircunit. for
associating the: repeaters. with: the: telephone
lines, automatic selecting: means for select-
ing: and: associating: balancing: lines: with: the
1espectne repeaters for: balanemo the- res
spective:telephone-lines, and-means For there-
after-connecting: the-telephone-lines together
through' the conne«utmm cirenit whereby ine
tercommunivation. between: said: telephone
hnes may- be established:

15: In: a- telephone: repeater- system;. i
cornbination; two.telaphone lines; & plurality
of: balancing: lines; two- repeaters; a. connect-
ing: cireuit forrassoviating the repeaters witl:
the telephone lines, a: )lnr ity of relays ven-
dered effective upon: the. associztion: ofi the-
repeaterswith-the: telephone-lines- for: select-
ing: and. asseciating balancing lines with: the-
respective- 1epeaiers. ands lehlVS operating:
upon said- selection and* association. for con:-
necting: the:telephene lines together thmunh
the: connectmo cireuit:,

16:. Im a swnahng systemy. ai plurality of
lines of:different. types, repeaters:for inter-
connecting: said. lined;. balancing: networks:
for said hncs and:a relay individual toreach:
repeater, said relay operating, when:the:cor-
responding: repeater: is used: for- connecting:
lines, to-fitst.cause the selectingrof a. netwvorls-
suitable- for balancing: the- line with which-
one-end of the repeéater is associated, and.
thereafter cause: the. selection of’ & network:
suitable to-balance the: line assoeiated. with:
the:other end: of the-repeater, said:relay ak(x
preventing the: selection: of: network
other repmtm’f{ while: that: repeater
leeting,.

17.In 2 signaling gystem a plmallfy oft
lines of, differant: types, repeaters. forn inter-
connectf vickdines, balancing:metworks for-
said: lines; and airelhy individual to each re:
peater; said relay oper,ttinrr whemthe corre-
sponding: repeater: is: used: fov conneeting
lines, to first cause: thesselection of a:network:
suitable: forr balancing: the: line. with whichs
one: end. ofr thes 1 'epmtea' 18> associated; and:
thereadter cause- the: seleotion of @ network:
suitable to balhnoe: the line assoetated: with:
the other end of the repeater, the circuits of

- forr
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said relays for the several repeaters being so
arranged that when the relay of one repeater
is energized. during: the process of network
selection, the circuits of the relays of other
repeaters will be held until the process of
selection: for that repeater is completed.
18. The method of selecting balancing
lines for two-signal transmission lines which
are to be interconnected: through a repeater
circuit, whichr comprises assocmtmo said re-
peaten eircuit with said lines while still pre:
venting intercommunication between: said
lines;.selecting: the proper balancing line for
one' of- said! transmission lines; selecting: the
proper balancing: line for-the other of said
transmission-lines after-said first-selection is

70

o

80

completed; and=subsequent1y' connecting:said -

lines:throughi said: repeater-circuit for inter-
communication: purposes:
19: I'n a:repeater system,.two real llnes a

plurality of-artificial netsvorks: for said: real
lines, a: repeater circuiti for interconnecting:

saidireal linesy means: for associating said re-
peater: circuit: veith said. real hnes
gwitching: means: responsive to said’ associu-

tion: for: selectma an - srtificial’ network: for
one of saidrreal lines and subisequently: select—'
ing anartificiabnetwork: for the other of'said

venl lines.

20: Tn:a pepeater: system, two real lines, a-
plurality of: artificial. networks: for said real
lines; a repeater circuit- for interconnecting

satd. lml lines; means for assoeinting sm'"

repeater: civeuit with sxid veal lines, swﬂ;ch-
ing: means responsiveto said: association for
%e‘lbetmcr an. artifieial network for each of
aaidiveal lines, and: means-comprising’ relays:
for controlling said:selecting means to-cause:
an artificial network for one of said’ real
lineg to: be selécted’ only after an- artificial
network: has heen: selected for the other of
said realilines.

21. In & repeater system; a signal trans-
mission line; auxiliary apparatus. normally
associated! thevewith; an' artificial line for
balancing saidi signal’ transinission line; an
auuhary bf!menrr set’ for balaneing: said’
auxilinry appam‘fu%, switching means- for
dwconnect]ng sald’ anxiliary apparatus from

said! line and marginal means responsive to |

" the:digconnection 01"8:11 d'auziliavy apparatus
discomnectiny said anxilinrs

set:

22, In a repeater system; a ”lgml trams-
mission: liney anxilinvy apparatus associated
therewitli; an’ artificial’ line: for Halancing
said’ signal- transmission line” an auxiliavy
balanemw set for balancing: suid- auxiliary
apparatus: switcliing: means for vendering
said? auxiliary apparﬂtuc, tneffective, wnd

and

balancing:

90

100
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40

120

nmrmnal means responsive to-the operation -

of said’ switching meansy
balaneing: set inefctive:.

93. THe method! of interconnecting a: Slg-
nal transmission line, a balancing line there-

~for rendering said
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for and a repeater, which comprises con-
necting said balancing line to said repeater
and subsequently connecting in response to
sald first connection said repeater’ and bal-
ancing line to said telephone line to cause
gaid repeater to be responsive to ewdrents in
sald transmission line.

24. The method of establishing communi-
cation between two signal transmigsion lines
through a repeater circuit, which comprises
associating with said repeater a halancing
line for each of said transmission lines, and
subsequently in response to said association
connecting said repeater and said balancing
lines to said transmission lines whereby in-
tercommunication therebetween may be es-
tablished.

25. In a telephone repeater system, a plu-
rality of telephone lines, a repeater, a plural-
ity of balancing lines, switching means for
associating one of said balancing lines with

said repeater, and means comprising & relay

responsive to the association of said balanc-
ing line with said repeater for subsequently
connecting said repeater and balancing line
with a telephone line.

26. In a signaling system, a plurality of
lines of different types adapted to be inter-
connected by any one of a plurality of two-
way repeaters, and a master relay individual
to each repeater, each of said relays operat-
ing when the corresponding repeater is used
for connecting lines to first cause the select-
ing of a network suitable for balancing the
line with which one end of the repeater is
associated, and thereafter cause the selection
of a network suitable to balance the line
associated with the other end of the repeater
and means for preventing the simultaneous
operation of two of said master relays, each
of which is normally adapted to select a
common balancing network.

27. In a signaling system a plurality of
lines of different types, repeaters for inter-
connecting said lines, balancing networks
for said lines, and switching means associat-
ed with each repeater and responsive to the
agsociation of its repeater with two of said
lines for causing, first, the selection of a
networlk suitable for halancing the line with
which ane end of the repeater ic associated
and thereafter causing the selection of a
network suitable to balance the line asso-
ciated with the other end of the repeater.

28. In 3 signaling system, a plurality of
lines of different {;ypes, vepeaters for inter-
connecting said lines, balancing networks for
said Jines, and a relay individual to each ve-
peater operative when the corresponding re-
peater is used for interconnecting lines to
cause the selection of balancing networks for
the lines, and to prevent the selection of net-
works by other repeaters while that repeater
is selecting, movable contacts for said relays,
a source of current, said relays when deen-

1x

ergized having movable contacts serially
connected with said source and having other
movable contacts  serially  connected  to
ground,

29. In a signaling system, a plurality of
lines of different types, repeaters for inter-
connecting said lines, balancing networks
for said lines, and a relay individual to each
repeater .operative when the corresponding
repeater is used for interconnecting lines to
cause the selection of balancing networks
for the lines and to prevent the selection of
networks by other repeaters while that re-
peater is selecting, movable contacts and elec-
trical windings for said relays, each of said
relays having a plurality of movable con-
tacts serially connected with contacts of
other of said relays when the electrical wind-
ings of said relays are in the same elrctrical
condition.

30. The method of balancing a plurality
of signal transmission lines having different
impedances in which a common basic net-
work and a plurality of building-out sections
are employed, which method comprises con-
necting in circuit with one of said transmis-
sion lines which is to be balanced, a basic
network, disconnecting sald network and
subsequently connecting in cireuit with an-
other transmission line which is to he bal-
anced said basic network and one of said
building-out sections.

31, In a signaling system, a plurality of
real lines having different impedances to be
balanced, a basic network and a plurality
of building-out sections for balancing said
lines, switching means for connecting said
basic network in circuit with a line to be
balanced, and switching means for sub-
sequently balancing another of said lines by
connecting in circuit therewith said basie
network and one of said building-out sec-
tions.

32. In a signaling system, a plurality of

real lines to be balanced, said lines having 11

widely different impedances, a common
basic network for said lines, and switching
means for connecting said basic network
at times to one of said lines and at other
times to another of said lines while main-
taining the same degree of balance for hoth
of said lines,

338. The combination of a signal transmis-
sion line, a repeater and an artificial line
therefor, said artificial line having an im-
pedance less than the impedance of said
transmission line and means vesponsive to
the association of said repeater with said
transmision line to change said artificial
line te a value simulating the impedance of
said transmission line. '

34. In a signaling system, a plurality of
lines, repeaters for interconnecting said Iines,
balancing networks for said lines, a master
relay individual to each repeater, means un-
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der the control of said master relay for se-
leeting a balancing networl for one of said
lines, means for selecting a balancing net-
work for a second of said lines whereby in-
tercommunication is established between
said last two lines, and means responsive to
said first selection for transferring the con-

‘
trol of said master relay to said second
means whereby the second bualancing net-
work:is selected. 10
In witness whereof I hereunto subscribe
my name this 23rd day of December, A. D.

1918.  a
ROY D. CONWAY.




