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This invention relates to telegraph systems and 
more particularly to telegraph systems wherein 
private branch lines are associated together, in 
local, state-wide, or nation-wide networks on 
a semipermanent basis as distinguished from a 
telegraph exchange switching system. 
An object of this invention is the improve 

ment of arrangements for associating telegraph 
circuit elements, such as lines and station loops 
in telegraph networks on a semipermanent basis, 
in order to facilitate additions to and subtrac 
tions from the network and to facilitate the sub 
Stitution of new circuit elements for existing cir 
cuit elements, as well as the testing of the vari 
ous circuit elements in telegraph networks. 
The operation of telegraph systems wherein 

private telegraph lines are associated together 
into networks which remain interconnected for 
indefinite periods has heretofore been charac 
terized by a lack of flexibility. That is to say, 
the addition to the network, or the subtraction 
from the network of telegraph lines or station 
loops, or the substitution in the network of one 
telegraph line or station loop for another, re 
quired compensatory adjustments of one or more 
of the telegraph repeaters in the network, be 
cause the repeaters were arranged in series and 
the current in the various repeaters was affected 
When the resistance was changed as the network 
was altered. Furthermore, added repeaters had 
to be adjusted to provide the proper polarity as 
Well as type of operation, such as half or full 
duplex operation. 
To overcome this difficulty, a new type of tele 

graph repeater was devised, which provides what 
is known as the inverse neutral type of trans 
mission on the drop side, for use primarily in 
Service where private telegraph lines were asso 
ciated in networks on a semipermanent basis. 
The operation of such inverse neutral repeaters 
is described in Patents 2,056,277, F. S. Kinkead 
et al., October 3, 1936, 2,069,224, G. C. Cum 
mings, February 2, 1937 and 2,069,251, F. S. 
Kinkead, February 2, 1937. 
When circuit elements of a private line net 

Work appear in a telegraph office in which the 
new inverse neutral repeater is used, as de 
scribed in the above-mentioned patents, each 
telegraph station loop and telegraph line is con 
nected into what is known in the art as a con 
Centration group through its own individual in 
Verse neutral repeater. The drop sides or legs 
of all of the line repeaters and station loop re 
peaters are interconnected through a common 
point, which is otherwise known as the hub of 

IO 

5 

20 

30 

35 

40 

45 

50 

55 

the concentration group. From this common 
point or hub, the leg of each line repeater and 
station loop repeater extends in series through 
the armature and marking contact of a receiv 
ing relay and through the winding of a sending 
relay to negative battery common to all repeat 
ers. This common battery has its positive ter 
minal grounded. No current flows through the 
various legs of a concentration group during the 
marking condition. For the spacing condition, 
the armature of the receiving relay in a particu 
lar leg is actuated to engage with a grounded 
contact. This causes current to flow through 
each of the other legs toward and through the 
hub point to ground through the single Spacing 
contact. A sending relay having a Winding in 
series in each of the other legs is energized to 
transmit the Spacing signal to the circuit con 
nected to each of the other legs in the same con 
centration group. - 
For the full duplex condition two independent 

hubs are provided, as it is impossible to trans 
mit in two directions simultaneously through a. 
single hub. The transmission in each Set of con 
nected legs is otherwise the same as for the half 
duplex condition. 

It may be observed, therefore, that in the 
use of inverse neutral repeaters the legs of the 
various repeaters, when joined in a concentra 
tion group, are all connected in parallel. One 
end of each leg is joined at the common elec 
trical point or hub. The other end of each leg 
terminates in battery of the same potential and 
magnitude for marking. Any repeater when 
Sending toward the hub connects ground to the 
hub point and transmits signals simultaneously 
to all other legs in the concentration group. The 
signals are “open and close' or neutral signals, 
as they are known in the art, but they are in 
verted from the usual, in that the marking Sig 
nals are no-current signals and the Spacing Sig 
nals are current signals, hence the term "in 
verse neutral.' 
When each loop leg and each line leg is termi 

nated in its own individual inverse neutral re 
peater, it becomes electrically, for the purpose 
of connection into a concentration group, an in 
dependent unit. Since each repeater leg of a 
line or loop radiating from the hub point termi 
nates in battery of the same polarity and magni 
tude for the marking condition, so that no cur 
rent flows for this condition, and since, electri 
cally, ground is connected, as a practical mat 
ter, directly to the hub point for the Spacing 
condition, the current conditions in any leg when 
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it is receiving from the hub, are unaffected by 
the addition or subtraction of another leg to the 
concentration group or by the substitution of a 
different leg for any leg forming part of a con 
centration group. When transmitting toward the 
hub, the only effect is a change in magnitude of 
Spacing current in the transmitting leg, from the 
Single spacing contact to the hub point, as the 
number of connected legs is changed. 
When the circuit elements of private telegraph 

line networks are arranged so that each includes 
its own inverse neutral telegraph repeater and 
becomes, for the purposes of association into a 
network, an electrically independent unit, it is 
possible to terminate the legs of line repeaters 
and loop repeaters in a switchboard and to make 
Such changes in private line concentration groups 
aS may be necessary, simply by a switching or 
patching operation at the switchboard, without 
the necessity for making poling or current ad 
justments in the leg side of the various repeat 
erS in the concentration group to accommodate 
Such changes. As will be shown later, the type 
of Operation, viz. half or full duplex, of any line 
repeater is automatically effected at the time the 
repeater is patched. 
In one of its major aspects, therefore, this in 

Vention is a Switching system for inverse neutral 
telegraph repeater circuits, adapted to exploit 
the inherent characteristic of inverse neutral re 
peaters that, for the purpose of association in 
concentration groups, each telegraph line or loop 
leg, equipped with an inverse neutral repeater, 
is electrically an independent unit. 
In this invention, control circuits are arranged 

to adapt inverse neutral repeater circuits, as used 
in Senipermanent concentration groups, so that 
they may be controlled at telegraph switchboard 
positions. To this end, telegraph line circuits 
extending to telegraph central offices in distant 
cities are equipped with inverse neutral repeaters 
and their legs are extended through leg multiple 
iack circuits which provide a jack appearance 
Within reach of each attendant in the line-up of 
Switchboard positions. This makes every tele 
graph line facility available, through the medium 
of a jack outlet, to every switchboard attendant 
in the Switchboard line-up. The line side of the 
line repeater circuit is adjusted once for all, so 
as to provide the optimum signaling conditions. 
Since the leg of each line circuit in the board is 
equipped with an inverse neutral repeater, and 
is, therefore, an independent entity electrically, 
it may be used to communicate with the distant 
central office as a separate facility. Or it may 
be added to a network without the necessity for 
compensatory adjustments on the leg side. 
In this invention, an appearance of a partic 

ular private line network may include a number 
of Station loops, extending from various points in 
the local area, where one of the switchboard line 
ups of this invention is assumed to be located, 
into the SWitchboard. Each of the local station 
loops Will have an independent inverse neutral 
loop repeater connected to it. Each leg of such 
loop repeater will be terminated in a particular 
position in the board in a group of three jacks 
which will be termed hereafter “loop concentra 
tion jacks.” All of the jacks associated with 
loop circuits which are to be formed into a par 
ticular concentration group will appear, prefer 
ably side by side, at some one position in the 
Switchboard line-up, so that the loop circuits 
may be administered by an attendant at that 
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second position, so that at times, a second at 
tendant may Supervise the concentration group. 
The line circuits, the repeater legs of which, as 
has been pointed out, are multipled throughout 
the board, must be interconnected to the loop 
circuits so that the concentration group may be 
extended to other portions of the network ap 
pearing in Switchboards in distant cities as re 
quired. This is done by Selecting the proper 
line facilities from the entire group which are 
multipled throughout the board and extending 
the leg of each one which is required into a group 
of three other jacks, termed "line concentration 
jacks,' each group of jacks being individual to a 
line circuit at the particular position where the 
concentration group is to be administered. The 
legs of each of the loop and line repeaters which 
are to be associated in a particular concentration 
group, after passing through its individual group 
of jacks at a particular attendant's position, are 
all joined in a common electrical point which be 
comes the hub of the concentration group. 
The connecting together of the individual leg 

conductors to form the hub may be effected in 
any convenient manner. In order to reduce the 
possibility of disconnecting any line or loop in 
advertently from a concentration group With 
which it is normally associated, the individual 
conductors may be extended to individual punch 
ings on a terminal strip and strapped together 
with a common soldered connection. When thus 
assembled, the line circuits and loop circuits in 
a concentration group each have groups of jacks, 
individual to each line circuit and loop circuit, 
all of which appear before a particular attendant 
in the Switchboard line-up who is responsible for 
the administration of the service. Since, aS has 
been pointed out above, all of the telegraph lines 
from distant cities, which come into the telegraph 
office where the Switchboard of this invention is 
assumed to be located, are each equipped with 
an individual inverse neutral repeater which 
makes it an independent entity and each line has 
an appearance, in the form of a multiple jack, 
Within cord reach of each attendant, any idle 
line in the multiple may be connected on a ten 
porary basis into a particular telegraph network 
by a patch from the multiple at the position into 
one of the concentration jacks at the particular 
position where the concentration group for that 
network appears. It is to be understood, of 
course, that the bank of line leg multiple jacks 
extending through the SWitchboard are termina 
tions of circuits which extend to many different 
cities and it is necessary to Select One extending 
to the proper destination. This may be deter 
mined from reference to the jack designation 
strip. 
The normal network, as required to provide the 

proper number of telegraph lines to distant cities 
and the proper number of loops to stations in the 
local area, served by the Switchboard of this in 
vention, will be set up in what is essentially a 
permanent concentration group. Each line and 
loop leg will be extended through its own indi 
vidual group of concentration jacks in the switch 
board position where the concentration group is 
to be administered and joined together in a hub, 
preferably by a soldered connection. The jacks 
in the various individual line and loop legs pro 
vide means for making changes in the network 
as required on a temporary basis by means of 
patches. They also provide means for testing, 
monitoring, measuring bias, communicating with 

position. The loop jacks may be multipled to a 75 the attendant, etc., and, in general, permit the 
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the closed contacts of key 202, through the tip 
and break contact of jack 208, through the break 
contact and ring of jack 207, through the top 
winding of relay 206, through the top winding of 
polar relay 20, through inductance coil 2, 
through the armature of relay 212, through re 
Sistance 23, through negative battery 24 and 
back to ground. Positive and negative battery 
are thus connected to the two ends of the loop 
circuit and current flows, for the marking or 
closed condition, through the loop circuit. The 
effect of the current flowing through the top 
Winding of relay 20 tends to actuate the arma 
ture of relay 20 to engage with its right-hand 
or marking contact. It preponderates over the 
effect of current flowing through the bottom 
winding of relay 20, over a circuit from ground 
through negative battery 24, through resistance 
2 3, through the left-hand or marking contact 
and armature of relay 22, through inductance 
coil 2, through the bottom winding of relay 20 
and resistance 25 to ground, which current 
tends to actuate the armature of relay 2fO to 
engage with its left-hand or spacing contact and 
the armature of relay 20 is thus maintained in 
engagement with its right-hand or marking con 
tact. 

Relay 206 is so arranged that when current 
flows through both its top and bottom windings, 
as is the case when the loop is closed, the effect 
in one winding is balanced by the effect in the 
other winding and its armature remains in its 
nornal unoperated position as indicated. 
When the armature of relay 20 is in engage 

ment with its right-hand or marking contact, it 
connects negative battery to the hub of the con 
centration group. The circuit for this may be 
traced from battery 2 6, through resistance 28, 
through the bottom winding of relay 2 2, through 
the right-hand or marking contact and arma 
ture of relay 20, through test resistance 29, 
through the top back contact and arnature of 
relay 220, to conductor 22. Conductor 22 may 
be considered electrically as a point which con 
StituteS the hlub Of the circuit. 

Station B is joined into the hub in a corre 
sponding manner. For the marking condition, 
station B connects negative battery, indicated 
26B, over a path sinilar to that traced for sta 
tion A, which passes ultimately through testing 
resistance 29B to hub. 22. 
The manner in which one of the telegraph 

lines is connected into the concentration group 
will now be explained. The circuit of the line 
east will be used for this purpose. This tele 
graph line is a four-wire metallic circuit. Its 
operation is described in detail in the application 
of R. B. Hearn, Serial No. 342.431, filed June 26, 
1940, now Patent No. 2,259,637, granted Oct. 21, 
1941. As therein described, the circuit may be 
arranged to function either half duplex or full 
duplex dependent upon whether it is connected 
into a full duplex or a half duplex concentration 
group. In this instance it is connected into a 
half duplex concentration group and therefore is 
arranged to function half duplex. 

Refer now to Fig. 1 which shows in detail a 
four-wire metallic telegraph line connecting a 
distant telegraph central office, located, it is as 
Sumed, to the east, into the concentration group 
at the office where the concentration group is es 
tablished and which indicates diagrammatically, 
by a rectangular box, an identical telegraph line 
for the telegraph line west which, it is assumed, 
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ConnectS a Central office located to the West into 5 

the concentration group. Although a four-wire 
metallic circuit is shown for this purpose, carrier 
line circuits, one-way polar circuits, and other 
line circuits, when terminated in proper inverse 
neutral type repeaters, may be used in place of 
the four-wire metallic line and the associated in 
verse neutral repeater shown. 
The upper two line conductors of Fig. 1 consti 

tute the path over which the distant repeater to 
the east receives from the concentration group. 
The lower two line conductors of Fig. 1 consti 
tute the path over which the distant repeater 
to the east transmits into the concentration 
group. 

Relays 0 and 02 are polar relays in the 
transmitting circuit at the distant central office. 
When the armatures of these relays are in the 
positions indicated, which is for the marking 
condition, a path may be traced from ground 
through battery 03, through resistance 24, the 
left-hand contact and armature of relay it, 
through inductance coil 05, the top winding of 
polar relay 06, the armature and right-hand 
contact of relay fo2 and through resistance 9 
back to ground. Apparatus corresponding to 
coils 24, 25 and 26 together with the associ 
ated condenser f38 may be inserted, if desired, 
in this path at the distant central terminal, in 
the same manner as they are connected in the 
two top conductors of Fig. 1. The function of 
this apparatus is to suppress noise caused by tele 
graph thump on the telephone circuit operated 
over the same pair of cable conductors. The ef 
fect of the current in the top winding in the 
path traced above is to operate the armature of 
relay O6 into engagement with its right-hand 
or marking contact. The Operation of the circuit 
through the bottom winding of relay 06, known 
in the art as a vibratory circuit, is to tend to 
speed up the action of the relay. It is well known 
in the art and will not, therefore, be described 
herein in detail. 
When the armature of relay O is in engage 

ment with its right-hand or marking contact, a 
circuit may be traced from ground through nega 
tive battery 08, through resistance fo9, through 
the right-hand or marking contact and armature 
of relay 6, through resistances to and f and 
through the top winding of polar relay 2 to 
ground. The effect of this current is to actuate 
the armature of relay 2 into engagement with 
its right-hand or marking contact. No current 
flows through the botton winding of relay 2 
for this condition as the circuit through the bot 
ton winding of relay 2, connects at one end to 
the hub 22 of the concentration group and at the 
other end to negative battery. This circuit may 
be traced from negative battery 5 through re 
sistances 6 and 7, through the bottom wind 
ings of polar relays 8 and f 9, through the left 
hand armature and front contact of relay 3, 
through the bottom winding of relay f2, through 
the right-hand front contact and armature of 
relay f3, through the right-hand or marking 
contact and armature of relay 2, through leg 
conductor 20, through Fig. 2 into Fig. 3 to pal 
allel branches. One branch continues through 
the top armature and back contact of relay 30, 
through test resistance 383 and the back contact 
and arnature of relay 304 to the hub 22 of the 
circuit. The other branch extends in multiple 
through the tips of the multiple jacks 36, 347, 
38, etc., One of which is accessible at each position 
in the telegraph Service board of this invention, 
A biasing circuit for relays 8 and 9 may be 
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traced from battery i5, through resistance 29 
and the top windings of relays 8 and 9 to 
ground. The effect Of this current tends to actu 
ate the armatures of relays i 18 and í f9 to en 
gage with their right and left-hand contacts re 
spectively for the marking condition. This effect 
is not opposed as there is no current flowing 
through the bottom Windings of these relays for 
the marking condition of the concentration group, 
Since all of the legs of the concentration group 
terminate in battery of the same polarity for the 
narking condition. 
The loop over which the distant office to the 

east receives may be traced from ground, through 
battery 2 to its positive terminai, through re 
sistance 22, through the left-hand or marking 
contact and armature of relay 9, through the 
bottom Winding of inductance coils 24 and 25, 
through the bottom winding of repeating coil 
i26, through the bottom line conductor to the 3 
distant terminal, through the winding of the re 
ceiving relay 27, through the top line conductor, 
through the top Windings Of the repeating coil 
26, through the top windings of inductance cois 
£25 and 24, through the armature and right 
hand or marking contact of relay í 18 and resist 
ance 3 back to ground. 
The four-wire line to the west indicated by the 

rectangular box at the bottom of Fig. 1 is ar 
ranged in the identical manner as that described : 
for the four-wire line to the east. It connects 
negative battery of the Sane magnitude as bat 
tery 5 in the east line through an identical 
circuit to leg conductor 3, which corresponds to 
conductor 20 of the east line, through the top ; 
outer armature and back contact of relay 30 W 
and test resistance 303W, through the back con 
tact and armature of relay 304W to hub. 22. 
Thus each line and each loop leg connects 

negative battery of the Saime magnitude to the 
hub of the concentration group for the marking 
condition. 

If a Spacing Signal is transmitted from any 
Station loop circuit or from any telegraph line 
forming part of the concentration group, the leg 
of the circuit transmitting the spacing signal will 
be Connected to ground Which grounds the hub 
and Operates a relay in each of the other legs to 
transmit the spacing signal into each of the other 
connected circuits. 
performed Will now be explained. 

It Will be assumed that the Operator at station 
A OpenS the contacts of the transmitting key 22 
to Send a spacing Signal. This breaks the loop 
circuit for station A, heretofore traced. The top 
winding of relay 2 is deenergized. The arma 
ture of relay 20 is actuated, under the influence 
of current through its botton Winding, to engage 
with its left-hand Or Spacing contact which is 
grounded. This disconnects negative battery 226 
from the leg which extends through resistance 
29 into the hub. 22 and connects ground through 
resistance 2 9 to hub. 22. 
When ground is connected to the hub, a cir 

cuit may be traced from hub 22 through the up 
per armature and back contact of relay 22B, 
through test resistance 2 B, through the arma 
ture and right-hand or marking contact of relay 
20B, through the bottom winding of relay 2 2B 
and resistance 2.8B, to battery 2? 6B. The effect 
of this current flowing through the botton wind 
ing of relay 2A2B preponderates over the effect of 
Current flowing through the top Winding of relay 
22B which has been holding the armature of . 
relay 22B. in engagement with its left-hand or 

The manner in which this is 

5 

O 

marking contact, and the armature, of relay 22B 
is actuated to engage with its right-hand or 
Spacing contact. . . . 

Loop B is arranged in the identical manner de 
scribed for loop A. When loop A was traced it 
was shown that the two ends of the loop termi 
nated in battery of opposite polarity for the 
marking condition. Similarly, the two ends of 
loop B terminate in battery of the Opposite polar 
ity for the marking condition. When, however, 
the armature of relay 2 2B is actuated to engage 
with its right-hand armature, negative battery 
is disconnected from one end of the loop and both 
ends are terminated in positive battery of the 
same magnitude so that no current flows in the 
loop. 'i'he sounder 209B at station B is deemer 
gized and a spacing signal is received at station B. 
The manner in which the same spacing signal 

is received at the east central telegraph terminal 
will now be explained. 
When the spacing signal is received in the hub 

from station. A, ground, as has been shown, is 
connected through resistance 2Í9 to hub 22í and 
a circuit may be traced through the armature and 
back contact of relay 308 through testing resist 
ance 303, through the top outer back contact and 
armature of relay 30, through leg conductor 20, 
through Fig. 2 into Fig. 1, through the armature 
and right-hand contact of relay f2, through the 
right-hand armature and front contact of relay 
i 13, through the bottom winding of relay 2, 
through the left-hand front contact and arma 
ture of relay 3, through the bottom Windings of 
relays i i 9 and i i8, through resistances i in and i 18 
and battery 15 to ground. The effect of current 
flowing in the bottom windings of relays if 9 and 
18 for this condition is such that it tends to 

actuate the armature of relay if 9 to engage with 
its right-hand contact and the armature of relay 
8 to engage with its left-hand contact and this 

effect preponderates over the effect of the current 
flowing through the top windings, so the arma 
ture of relay 9 is actuated to engage its right 
hand contact and the armature of relay i8 is 

75 

actuated to engage its left-hand contact. 
When the armatures of relays i is and 8 are 

actuated as described in the foregoing paragraph, 
the polarity of battery 12í in relation to the two 
ends of the east send line through the receiving 
relay at the distant office will be reversed. That 
this is So may be understood by observing that 
there are two conductors extending from each 
ofresistances 22 and 30 respectively. One con 
ductor. extends from each resistance to contacts 
Which are in engagement with the armatures of 
relays 9 and 8 when their armatures are in 
the positions shown in Fig. 1 and one conductor 
extends from each of said resistances to a con 
tact on the other of the relays with which each 
armature makes engagement when in the spac 
ing condition. . . Thus as the two relays i 3 and 

8 respond to a spacing Signal, the polarity of 
battery. 2 connected to the ends of the line 
for the marking condition is reversed, resulting 
in a Spacing signal being transmitted to the dis 
tant receiving relay 27. 
The Spacing signal originating at station A is 

transmitted to the distant receiving relay con 
nected to the West line in the same manner as 
described above for the east line. 
Thus as the armature of the relay 2 C, which 

receives from station A and transmits toward the 
hub, is actuated so as to connect grOUnd and 
negative battery alternately to the hub 22, the 
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armature of the receiving relay in the inverse 
neutral repeater of each of the other legs con 
nected to the hub, whether it be a loop leg or a 
line leg, is operated simultaneously to transmit 
spacing and marking signals into its loop or line. 
When signals are transmitted from a distant 

office over a telegraph line, it will be assumed 
over the east line, relays fol and 02 in the dis 
tant office are operated from a connected circuit 
not shown. This reverses the Connections betWeen 
the two conductors of the bottom tWO-Wire line 
and battery 103. Relay 6 is in turn actuated. 
As the armature of relay (6 is actuated between 
positive and negative battery, relay 2 responds, 
As the armature of relay ff2 is actuated, negative 
battery and ground are alternately connected to 
hub 22 and marking and Spacing signals are 
impressed upon all other legs forming part of 
the concentration group. - 
In the same manner signals may be trans 

nitted from the distant western office over the 
west line into its respective inverse neutral re 
peater and thence to the hub to actuate the send 
ing relay in each individual inverse neutral re 
peater in each other leg whether loop or line. 
From the above description it should be appar 

ent how any loop or telegraph line may transmit 
marking or spacing signals to all telegraph cir 
cuits forming part of a half duplex concentration 
grOup. 

Breaking operation in a duple.c concentration 
grOlp 

It is possible to transmit a break signal from 
any circuit connected into a half duplex con 
centration group, to prevent any circuit Which 
is transmitting to the other circuits of a concen 
tration group from continuing to transmit. The 
manner in which this is performed will first be 
described for the condition in which signals are 
being transmitted from the distant office over the 
east line and the attendant at loop station A 
breaks. 
When signals are being transmitted from the 

distant office Over the east line, it has been shown 
that relays fo6 and 2 follow the signals to con 
nect ground and negative battery alternately to 
hub. 22. If the attendant at station. A wishes to 
stop the transmitting from the east line, so that 
Station. A may transmit, key 202 is opened and is 
maintained in the open condition. The opening 
of key 202, as has been described, results in 
ground being connected to the hub when relay 22 
next closes its marking or right-hand contact. 
Since the key 202 is maintained open, a perma 
nent ground is connected to the hub resulting in 
a permanent Spacing signal being transmitted 
from the hub out over each connecting leg. In 
the case of the line which is receiving signals 
from the distant office, if the armature of relay 
2 is in engagement with its left-hand or spac 

ing contact, in response to a spacing signal trans 
mitted from the east line toward the hub, nothing 
Will happen momentarily in its send side, as 
ground from the hub Will be connected to one end 
of conductor 20 and it will meet ground on the 
left-hand or spacing contact of relay f 2. As 
Soon as the armature of relay ft2 is actuated to 
engage with its right-hand contact, however, the 
ground from the hub will be connected to one 
end of the path through the bottom windings of 
Sending relays if and 8 and battery 5 will 
be connected to the other end over the circuit 
heretofore traced. Under this condition the air 
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mature of relay 2 is maintained in engagement 
With its right-hand contact, as the effect of the 
current flowing through the bottom winding of 
relay 2, tending to actuate the armature of 
relay 2 toward the right, preponderates over 
the effect of spacing signal current from relay 
f06 tending to actuate the armature of relay 2 
toward the left. Relays 8 and 9 will be op 
erated When the armature of relay f2 is on its 
right-hand contact, from ground connected to the 
hub. With the armatures of relays 8 and 9 
actuated to their spacing contacts, a permanent 
Spacing signal is transmitted toward the distant 
office to the east as a breaking signal. 

If either loop Station is transmitting, any line 
or the other loop may break. it will be assumed 
that Station A is transmitting and that the east 
telegraph line breaks. This is performed in the 
following manner. A permanent spacing signal 
is transmitted from the east telegraph terminal 
into the hub, operating relay 06 to its left-hand 
or Spacing contact. This will operate relay 2 
to Spacing when relay 2 is next closes its right or 
marking contact to remove ground from hub 22:. 
This results in the connection of permanent, 
ground to hub 22? from the left-hand contact 
and armature of relay 2. A circuit may be 
traced from the grounded hub 22, through the 
arnature and back contact of relay 22), through 
resistance 219, to the armature of relay 2:0. If 
the armature of relay 210 is again in engagement 
With its left-hand or spacing contact, nothing 
happens momentarily. When the armature of 
relay 29 next engages its right-hand contact, the 
circuit Will be extended through the bottom wind 
ing of relay 22 and resistance 2f& to battery 26. 
This operates the armature of relay 212 so that 
its armature engages its right-hand or Spacing 
contact. This disconnects negative battery 2 í 
from One end of the loop through station A and 
Connects both ends of the loop to positive battery 
203. This results in a permanent Spaciing Signal 
being transmitted over the loop which is received 
by Sounder 29 at station A as a breaking signal. 
As a general proposition, it may be stated that, 

When inverse neutral repeaters are intercon 
nected, a Spacing signal transmitted toward the 
hub, by any repeater connected to the hub, will 
result in the connection of ground to the hub and 
a Spacing Signal will be transmitted Simultane 
Ously from the hub through all of the other 
repeaters connected into the hub, and further, a 
permanent Spacing signal transmitted from arly 
repeater While another repeater in the COC6). 
tration group is transmitting toward the hlub, 
Will result in the loss of Control, by the station 
Which is transmitting, of the relay in the repeatei 
Which transmits toward the hub, when the sta 
tion which is transmitting next Sends a marking 
Signal toward the hub. The relay which trans 
mits toward the hub will then be held to marking 
and Simultaneously the permanent spacing 
breaking signal will be transmitted to the station 
Which was transmitting. 
Circuit for permitting station Connected into a 

half duplea concentration group to call switch 
board 

The arrangement of Figs. 1, 2, 3 and 4 per Fig. A 
is equipped with a calling-in Signal by means of 
Which any loop station connected into the con 
centration group may Signal the attendant who 
is administering the concentration group at the 
Service board. 
The three jacks associated individually with 
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each station loop and each telegraph line in any 
particular concentration group are all located in 
the same attendant's position at the Service 
board. The service board is a multiposition 
board. Warious concentration groupS are ad 
ministered at various positions. The attendant 
in charge of a particular position controls a cer 
tain number of concentration groups Such as the 
concentration group per Fig. A, comprising FigS. 
1, 2, 3 and 4. 
The manner in which an attendant at a Sta 

tion, such as station A, may summon an attend 
ant at the position in the service board where the 
concentration group is being administered is as 
followS. 
The attendant at station. A grounds one side of 

the station loop circuit. This may be done by 
momentarily actuating the call signal key 227 in 
Fig. 2, which first grounds the lower loop con 
ductor through the set and opens the upper loop 
Conductor. 
When the station loop circuit is closed, the 

effects of the currents in the top and bot 
tom Windings of differentially connected relay 
26 neutralize each other, So that the armature of 
relay 296 remains in the condition shown. Dur 
ing the transmission of a spacing or a break 
signal from station A, when the loop is opened, no 
current fiows through either winding of relay 26. 
No current flows when a Spacing signal is trans 
mitted toward station A as both ends of the loop 
are connected to battery of the same polarity and 
magnitude for this condition. When the lower 
loop conductor is grounded and the upper loop 
conductor is opened, however, a circuit may be 
traced from ground through sounder 209, make 
contact and armature of key 22, through the tip 
and break contact of jack 208, the break contact 
and ring of jack 207, the top winding of relay 26, 
the top winding of relay 20, inductance coil 2, 
the armature and left-hand contact of relay 22, 
resistance 2 3 and battery 24 to ground, operat 
ing relay 26. With relay 206 operated, a circuit 
may be traced from ground through the arnature 
and front contact of relay 206, the botton arma 
ture and back contact of relay 220, conductor 222, 
which may be considered electrically as the hub 
of the calling-in circuit into Fig. 3, conductor 305, 
the back contact and armature of relay 306, 
through the Winding of relay 30 to battery, oper 
atting relay 30, which locks from its bottom con 
tacts under control of relay 306. The operation 
of relay 37 connects battery through the top 
armature and front contact of relay 39 through 
the filament of lamps 308 and 309 in parallel to 
ground, lighting both of these lamps as a signal 
that some station associated in the concentration 
group is calling in. One of these lamps, such as 
the primary appearance lamp 38, is located at 
the same position as the one in Which the loop 
and line concentration jacks of the concentration 
group are located. The secondary appearance 
lamp 309 is located at an adjacent position to 
provide the advantage of teamwork since with 
this arrangement any of four Service board 
attendants may answer the call through the asso 
ciated jacks. 
Any other station, such as station B, connected 

through a Station loop into the concentration 
group may light the same lamps 308 and 309 by 
an operation. Similar to that described for station 
A. This should be apparent from reference to 
the Station loop and loop repeater for Station B. 
Ground from the armature of relay 206B is con 
nected through the bottom armature and back 
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contact of relay 220B to conductor 222 in paral 
lel with the ground from relay 206. 
In response to the lighting of the lamps 308 

or 309, the service board attendant administering 
the concentration group Inay Connect an attend 
ant's telegraph transmitting and receiving set 
circuit operating on the inverse neutral prin 
ciple to jack 30 or jack 3. This connecting 
circuit will not be described in detail hereunder 
as it does not form part of the present invention. 
At this point attention is called to the fact that 
battery connected to the sleeve of the attend 
ant's circuit operates relay 306 over an obvious 
path. The operation of relay 306 breaks the 
operating path heretofore traced for the Opera 
tion of relay 307 and relay 30 releases, extin 
guishing the lamps. The hub of the Concen 
tration group, conductor 22, is connected in 
multiple to the tip of jacks 30 and 3 to pro 
vide a connection for the transmitting lead in 
the attendant's circuit. By means of inverse 
neutral repeater connected to the tip of jacks 
3, it is possible for the attendant to transmit 
and receive Signais tO and i frOm te VariouS 
stations and lines comprising the concentration 
group or to monitor on all signals trainSmitted 
through hub. 22. 
The rings of jacks 30 and 3 are connected 

in multiple to the common calling-in or signal 
hub conductor 222. This is to provide a recall 
feature in the attendant's Connecting cord. A 
recalling operation is performed at a station in 
the same manner as a calling-in operation. If 
an attendant's cord circuit is already connected 
to either jack 30 or 3 and any one of the 
stations connected into the concentration group 
through a station loop repeater wishes to again 
summon the attendant's attention, the lower 
station loop conductor is grounded. This con 
nects ground, in the manner already described, 
to conductor 222 and to the ring of both jacks 
3 O and 3. This ground operates a relay in 
the attendant'S COrd circuit Connected to either 
jack to light a Supervisory lamp as an indica 
tion that a station is recalling. 

Connecting supervisor circuit and other circuits 
to concentration group 

Jacks 30 and 3 || also proVide means for es 
tablishing a connection to a Supervisor. By 
means of a patching cord circuit it is possible to 
connect a test signal Supply circuit to the con 
centration group through jacks 3 f 0 and 3 í . 
Also, jacks 30 and 3 may be used with suitable 
connecting circuit.S for the measurement of bias 
or distOrtion. . 

Releasing a line from a half duplea concentra. 
tion, group 

Because each telegraph line to a distant city 
and each telegraph loop to a local station ap 
pearing in the telegraph service board is termi 
nated in its OWn individual inverse neutral re 
peater, it is possible in the System disclosed here 
im to make changes in a concentration group 
such as removing lines or loops, adding lines or 
loops Or Substituting lines or loops, without the 
need for making compensatory adjustments in 
the leg Side of any repeater to accommodate the 
change. The invention herein permits these 
changes to be made flexibly at the switchboard 
position. Where the concentration group is ad 
ministered. With a minimum of effort on the 
part of a Service board attendant. 
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It is necessary on occasion to make temporary 

changes in a concentration group, Such as to re 
place a line or loop which may be defective or to 
provide additional facilitites in a concentration 
group such as additional lines or loops, or to 
remove a line or loop at the termination of its 
daily service period. The manner in which a 
telegraph line is disconnected from a concen 
tration group Will now be explained. The east 
line Will be used for the purpose. 
To perform this operation a control plug, such 

as plug 32, having its ring and sleeve conduc 
tors interconnected, is inserted into a cooperat 
ing jack, such as release control jack 33. This 
connects the ring and sleeve of jack 313. A cir 
cuit may then be traced from ground, through 
the middle winding of relay 3í5, to the sleeve 
of jack 3:3, through the sleeve of plug 32 to 
the ring of plug 3i 2, through the ring of jack 33 
and the top winding of relay 3:5, through bat 
tery 3:4 back to ground, Operating relay. 3A 5. 
The operation of reiay 3 5 connects ground 
through its upper armature and front contact 
and the winding of relay 36 to battery, oper 
ating relay 3i). The operation of relay 3Gi 
breaks the connection between the leg conductor 
$20 and the hub 22 as previously traced, thus 
disconnecting the east line from the concentra 
tion group. The operation of relay 30 also 
breaks the collection Winich extends from bat 
tery through the Winding of relay 3 in Fig. 1, 
and conductor 4, into Fig. 3, through the bot 
tOn middle amature and back COntact of relay 
36 and the top back contact and armature of 
relay 362 to ground, thus disconnecting ground 
formerly furnished through the top armature 
and back contact of relay 302. Relay 3 re 
leases. This places the inverse neutral repeater 
in the east line in its normal condition which is 
the full duplex condition. 

It has been explained that the circuit per Fig. 
1 may function either full duplex or half duplex 
dependient upon Whether it is connected into a 
full duplex or half duplex concentration group. 
When it WaS Connected into the half duplex con 
centration group as eXplained above, it was con 
ditioned to function half duplex through the 
operation of relay f3. Now that it has been 
l'eleased, the repeater is restored to its normal 
full duplex condition. Even though it is no 
longer Serving in the concentration group de 
Scribed above, it may be appropriated for use 
With another concentration group which may 
Operate full duplex or half duplex. If the new 
concentration group is to operate full duplex, 
relay if 3 will remain unoperated. ... If the new 
concentration group operates half duplex, relay 
f 3 Will be again operated. 
To return to the operation of relay 30i, its 

Operation Sends a permanent spacing signal to 
the distant eastern terminal. This is performed 
as follows. A circuit may be traced from ground 
through the armature and back contact of relay 
362, through the top inner front contact and 
armature of relay 30?, through conductor 32, 
through the left-hand back contact and arma 
ture of relay 3, which is now released, through 
the bottom windings of relays i 9 and í 8, 
through resistances, I i I and i 16 and negative 
battery 5 back to ground. This operates re 
layS 9 and f f8, reversing the polarity of bat 
tery 2 as connected to the sending line and 
Sending a permanent spacing signal to the dis-, 
tant eaStern terminal. 
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The operation of relay, 30, also, by the trans 

fer of its bottom innermost armature fr0m itS 
back to its front contact, disconnects ground 
from the sleeves of the multiple jacks 316, 3 i Ti 
and 38 and connects the sleeves of these jacks 
to battery through the windings of relays 32 
and 3:3. The object of the connection of ground 
to the sleeve While the line is connected into a 
cCncentration group was to permit monitoring on 
the circuit through a multiple jack. The plug of 
a monitoring circuit raay be inserted into a mul 
tiple jack at any position in the board and 
ground. On the sleeve of the multiple jack Oper 
ates a relay in the monitoring circuit which con 
ditions the monitoring circuit for monitoring. 
The purpose of the change from ground on the 
sleeve to battery through the relays Will be un 
derstood from the description below. 
The operation of relay 31 performs one other 

SWitching operation. It extends a circuit, which 
may be traced from ground, through the filament 
of lamps 32, 322 and 323 in parallel, through 
the bottom Outermost front COntact and arnia 
ture of relay 30, through the bottom back con 
tact and at nature of relay 32 and through con 
ductor 328 to a front contact of relay 4 in Fig. 
4 which forms part of the idle indicator control 
circuit which will now be explained. 

Idle indicator control circuit for indicating line 
available for connection to Concentration group 
It has been explained that each telegraph line 

connecting the service board to a distant city, 
whether confected into concentration jacks at 
a particular attendant'S pOSition Or not, iS ex 
tended through a group of multiple jacks 
throughout the SWitchboard line-up. Some 
means must be provided for distinguishing be 
tween the lines which are Serving as part of an 
Operating concentration group and those Which 
are available to be connected into a concentra 
tion group on a temporary basis by means of a 
patching operation. A line may be connected 
into a concentration group or it may be released 
from, or not connected to, a concentration group 
for relatively long intervals. If a lamp were 
lighted throughout either interval as an indica 
tion of the condition, it would mean that many 
lamps Would be burning in the switchboard at all 
times. This has a number of disadvantages in 
cluding battery drain, reduced life of lamps and 
reduced contrast between lighted and unlighted 
lamps, Such as Station calling-in signal lamps 
308 and 39 described above. 

In order to provide the advantages of a nor 
mally unlighted SWitchboard, and the other ad 
vantages enumerated above, the idle indicator 
control circuit is furnished. Its function is to 
light the lamps associated With all idle telegraph 
lines to distant cities momentarily, in response 
to the actuation of a key by an attendant who 
requires Such a line, So that a selection of a line 
to a particular city may be made if such a line 
is available. 

If an attendant at a particular position in the 
telegraph. Service board line-up requires a tele 
graph line to a distant city and wishes to know 
which lines are available so that he may make 
a selection, the attendant operates a key such 
as 402, Fig. 4, at the particular attendant's posi 
tion. There is one such key at each position in 
the line-up. Keys at other positions are indi 
cated by keys 4 i3 and 404. When key 402 is 
Operated, relay 405 is operated over an obvious 
circuit. The operation of relay 405 closes a cir 
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cuit from ground through the bottorn front cOn 
tact and armature of relay 405, through the 
winding of relay 4 e6 and resistance $3 through 
battery to ground. Relay 88s will operate and 
lock up through its top middle front contact and 
armature to ground. The operation of relay 405 
will connect ground through its bottorn inner 
front contact and armature and the winding of 
relay 40 to battery, operating relay 4. The 
operation of relay 4 will connect battery 
through its various contacts in parallel to a nun 
ber of conductors extending to various leg nul 
tiple circuits. Each of Said conductors is ar 
ranged so that it may be multipled to a number 
of leg multiple circuits. A circuit may be traced 
from battery through the top armature and front 
contact of relay 4, through conductor 32), 
through the bottom armature and back contact 
of relay. 302, through the bottom outermost ar 
mature and front contact of relay 3 and 
through the filaments of lamps 32-, 32 and 323 
in parallel to ground, lighting each of the lamps, 
as an indication that the telegraph line circuit 
to a distant city associated with these lamps is 
available for use. Only such. Circuits as are 
available for use Will have their associated ide 
indicating lamps lighted as the path to the lamps 
in the case of circuits which are not idle will not 
be closed. 
The lamps indicating that a circuit, is avail 

able for use remain lighted for a short interval 
only, while a selection of one of them is being 
made and then the lamps are extinguished 
through the operation of the ide indicator con 
trol circuit. The manner in which this is per 
formed will now be explained, 
When relay 406 is operated a circuit may be 

traced from plate battery 48 through resistance 
409 and conductor 49, through resistances 4 
and 42 in parallel, through the bottom arma 
ture and front contact of relay 493, through the 
filament of vacuum tube 43 and resistance 4 
to ground, lighting the filament. After a no 
mentary interval key 92 is released, in turn re 
leasing relay 45. This removes ground which 
has been connected through the front, contact, 
and top armature of relay 45 to the upper ter 
minal Of conden Ser 4, 5 and CondeSeer 4, 5 is 
charged over a path from battery 838 through 
resistance 499, through resistance 3 S and the 
top innermost armat are and front contact of 
relay 46 to the upper terminal of condenser 4, 5, 
the bottom terminal of which is grounded. When 
the top plate of condenser & 5 and the grid of 
tube 83, connected in parallel with the top plate 
of the condenser, have assumed a proper positive 
potential with respect, to the cathode of tube 
4f 3, current will flow through the plate circuit 
of the tube from positive battery. A 28, through 
resistance 439, through the winding of relay 47 
to the plate of tube 4:3, from the plate to the 
filament of tube & 3 and through resistance & 4 
to grotland, operating relay ?87. The magnitude 
of resistance 46 and the capacity of condenser 
& 5 establish the interval necessary to charge 
condenser & 5 to the proper positive potential 
and the interya has been established for tie 
with the idle indicating lamps of the inverse re 
tral circuits at anioxiraately six seconds. 
When relay 6 is operated, ground is connect 

ed to the lei?t-hand terriga of resistance . 
This short-circuits the path through the winding 
of relay 856 to ground, releasing relay 436. The 
1'elease of relay 46 breaks the path heretofore 
traced through the filament of tube A3... The 
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release of relay 366 also disconnects battery 468 
from the top terminal of condenser & 5. The bat 
tery connection of the condenser Will be replaced 
by direct ground through the top outermost ar 
nature and back contact of relay 405 which will 
discharge condenser 5. When the filament of 
tube 43 is extinguished current will no longer 
flow through the tube and relay 3, will be re 
leaSed. The idle indicator contro circuit , is 
thus returned to normal. 

If at any time a key such as 483 is operated 
momentarily, in turn operating relay 405 before 
the timing circuit has been permitted to com 
plete its cycle, condenser 45 will be discharged 
from ground connected to the top front contact 
and armature of relay 6.5 and the entire timing 
cycle will be repeated. 
Replacing da line formning patrit of a half dupleac 
concentration, group Uith a line Uhich has been 
released from a different concentration group 
The concentration group is arranged so that a 

line forming part of a concentration group may 
be replaced by a second line. This second line 
may be a line which has been released from an 
other concentration group or it may be a spare 
line. A spare line is one which is not normally 
connected into a concentration group, a spare 
line terminates in multiple jacks and a leg multi 
ple circuit, but it is not provided with a group 
Of three concentration jacks and connected into 
a hub as is a line which is arranged to normally 
form part of a concentration group. 

In this section the operation of replacing a line 
in a concentration group by a line which has been 
released from another concentration group will 
be described. 

In Order to replace a line forming part of a 
Concentration group With a new line Which has 
been released from a concentration group and 
is temporarily idle, first the idle indicating cir 
cuit described in the foregoing is operated, so 
that an idle line to the proper distant city may 
be indicated, if one is available, in order that 
the idle line may be selected for use. If Such a 
line is available, the attendant, by means of a 
patching operation, through the leg patching 
cord circuit, shown at the right of Fig. 3, will 
Connect the new line to the concentration group 
and, as a result of the patching operation, the 
old line Will be automatically released from the 
Concentration group and the new line Will func 
tion in its stead. 

For the purposes of this explanation, it will 
be assumed that the line west has been previously 
released from another concentration group in 
another position of the board and it will be as 
Sumed that it connects at the distant end to the 
desired distant termination. The line west will 
e used to replace the line east. 
Plug 324 Will therefore be inserted into jack 

33W when lamp 32W lights, indicating that 
the line is ide. Plug 325 will be inserted into jack 
3 3. A circuit may then be traced from battery 
through the Windings of relays 39W and 32W 
in Series, through the bottom innnermost front 
contact and armature of relay 3B W, relay 3 W 
being operated while a line is released, through 
the sleeve of jack 36W, through the sleeve of 
plug 324, sleeve of plug 325, sleeve of jack 3 3 
and the low resistance middle winding of relay 
35 to ground. Relays 39W and 302W operate 
in Series with the low resistance middle winding 
of relay 35. Relay 35 operates. The opera 
tion of relay 35 in turn operates relay 36. The 
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operation of relay 30 breaks the leg path from 
the east line repeater into the hub 22 of the 
concentration group, disconnecting the east line 
from the concentration group and performs all 
of the other operations heretofore described at 
tending the operation of this relay. 
The leg of the new line repeater is connected 

through the tip of jack 36W, tip of plug 324, tip 
and break contact of jack 326, tip of plug 325, 
tip of jack 3 f3, test resistance 303, break contact 
and armature of relay 34 into hub 22? to incor 
porate the line West into the concentration group. 

It was pointed out that relays 3í 9W and 302W 
Operated in the west line which has replaced the 
east line in the concentration group. The Op 
eration of relay 39W connects ground to Con 
ductor 4W which extends into the Winding Of 
a relay in the West inverse neutral repeate COr 
responding to relay f 3, which conditions the 
west repeater to function half dupleX in the Same 
manner as described for the east repeater. ERe 
lay 302W in operating in the new leg multiple cir 
cuit for the new line opens the idle indicating 
circuit for the West line as the West line has now 
been appropriated and disconnects ground from 
the leg of the repeater removing the permanent 
spacing signal which was transmitted to the dis 
tant Western terminal While the line WaS idle. 
The operation of relay 382W also locks relay 
35W from ground through its top armature 
and front contact to hold relay 35W operated. 
The reason for this is that the West line WaS made 
available for use by a releasing Operation, such as 
just described above, or by means of inserting a 
control plug into a control jack, as previously 
described. This operation is performed at an 
other position in a jack corresponding to jack 
33W, namely at the particular position where 
the concentration group with which the west line 
is assumed to be normally associated is admini 
istered. The removal of the releasing plug would 
release relay 35W and reconnect the west line 
into the concentralion group with which it is 
normally associated. This is prevented by the 
locking of relay 3.5W when relay 302W oper 
ates. 
The foregoing explains how a line released 

from the concentration group with which it is 
normally associated may be appropriated by an 
attendant to replace a line normally forming part 
of another concentration group. 
The manner in which a line which is normally 

Spare, as distinguished from a line which is re 
leased from a concentration group with which 
it is normally associated, is connected into a 
half duplex concentration group as a substitute 
for a line forming part of a half duplex concen 
tration group will now be explained. 
Replacing a line forming part of a half dupleac 

concentration group with a spare line 
AS Stated above, Spare lines are distinguished 

from lines ordinarily forming parts of concen 
tration groups, in that spare lines appear only 
in multiple jacks at each attendant's position and 
are not extended through their leg multiple cir 
cuits into three individual concentration jacks at, 
a particular position, through which they are ex 
tended to a hub so that they normally form part 
of a particular concentration group. A spare line 
may be appropriated, by means of a patching 
Operation from One of its multiple jacks, at any 
position, to a particular jack in a line normally 
forming part of a concentration group, to replace 
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a line normally forming part of a concentration 
group. 
In order to replace a line normally forming 

part of a concentration group with a Spare line, 
a patch is made from a multiple jack of the 
spare line to the control jack of the line which is 
to be replaced. 
For purposes of this explanation it will be 

assumed that the West line is now a Spare line. 
In order that the west line may simulate a spare 
line, it will be assumed that its relay 30 W is 
permanently operated. Each spare line through 
out the board is arranged so that electrically it 
is the equivalent of a line which normally forms 
part of a concentration group, except that each 
of the circuits extending through the various 
armatures of its relay corresponding to relay 
3OW is closed through its respective front con 
tact instead of through its back contact as 
shown for the normal unoperated condition of 
relay 30 W in Fig. 3. Further, a spare line is 
not provided with a concentration jack circuit. 

It Will be assumed that the Spare West line 
is to be used to replace the east line which nor 
mally forms part of a half duplex concentration 
group. First the idle indicator circuit is oper 
ated and a lamp such as 32W is lighted indicat 
ing that the line is available. The plug 324 is 
inserted into jack 3 f6W and plug 325 is inserted 
into jack 33. 
As a result of this operation the tip of the 

spare line is extended into the hub of the con 
centration group in the same manner as de 
scribed above. The sleeve of the spare line is 
extended over a circuit, exactly the same as de 
scribed before, for a released line, starting from 
battery connected to relay 3 9W in the spare line 
and ending in ground connected to relay 35 in 
the replaced east line. Relays 39W, 302W and 
35 are operated in series. Relay 39W in oper 
ating conditions the repeater in the west line to 
function half duplex as described heretofore. 
Relay 302W in operating disconnects the idle in 
dicating circuit at its bottom armature and front 
contact. The Operation of relay 302W also op 
erates relay 35W as described above, but this 
performs no useful function in the case of a 
spare circuit, as it did in the case of a released 
circuit described above. The operation of relay 
35 releases the replaced line from the concen 
tration group. 

Adding a released line to a half duplea 
concentration group 

It Will now be assumed that the West line has 
been released from a concentration group at 
another attendant's position and that it is to 
be added to the concentration group comprising 
the east line instead of replacing the east line. 

It should be remembered that a plug such as 
32 is inserted into a jack such as 33W in the 
attendant's position, where it is assumed that 
the West line is normally associated into another 
concentration group. This operates relay 35W 
in turn operating relay 30W in the manner 
heretofore described. 
The attendant who desires to add a line op 

erates the idle indicating key at the position 
where the concentration group to which the line 
is to be added is administered. Once again the 
idle indicating lamps of all available lines are lighted. 

In order to add the West line to the concentra 
tion of which the east line forms a part, the at 
tendant inserts plug 324 into line multiple jack 
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3d6W when lamp 32W lights. Plug 325 is inserted 
into jack 327. 
As a result of this operation the tip of the West 

line is connected through the tip of jack 3í6W, 
tip of plug 324, tip and break contact of jack 
326, tip of plug 325 and tip of jack 327 to hub. 22. 
This connects the transmission conductor of the 
west line into the concentration group of which 
the east line forms a part. 
A circuit may also be traced from battery 

through the winding of relay 3 9W, winding of 
relay 302W, bottom innermost front contact and 
armature of relay 30' W., relay 36 W being op 
erated when the west line is released in a man 
ner heretofore described, through the sleeve of 
jack 3 6W, sleeve of plugs 324 and 325 and sleeve 
of jack 327 to direct ground. This operates re 
lays 39W and 302W which conditions the West 
line for half duplex operation, disconnects the 
idle indicator lamp circuit and provides ground 
to hold relay 35W operated in the same manner 
as heretofore described. 

It should be observed that in the Operation Ol 
adding a line, a different jack in the line con 
centration jack circuit normally forming part of 
a concentration group is used than the jack 
which is used for releasing a line or for replac 
ing a line forming part of a concentration group 
with a released line or a spare line. All of these 
latter operations involve a releasing Operation, 
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which must be performed by connection to a 
jack such as 343 which controls the Operation 
of the releasing relay such as 35. When a line 
is to be simply added to a concentration group, 
connection is made to jack such as 327 and the 
releasing relay remains unaffected. 

Adding a spare line to a half duplea 
concentration group 

A spare line may be added to a concentration 
group. It will be again assumed that the west 
line is a spare line. That is, it is not provided 
with a group of individual concentration jacks 
and its relay 39W is blocked Operated. 
The attendant, at the position Where the Con 

centration group to which the Spare line is to 
be added is administered, operates the idle indi 
cator control circuit and, when all of the lamps 
associated with idle lines light, selects the Spare 
west line for addition to the particular concent 
tration group of which the east line forms a part. 
Plug 324 is inserted into jack 3 SW and plug 

325 is inserted into jack 327 of the east line. 
The tip of the west line is connected into the hub 
over a circuit, heretofore traced. Relays 39W 
and 32W operate in the same manner and per 
form the same functions as described above. 
The west line thus becomes a part of the concen 
tration group with which the east line is nor 
mally associated. 
Supervision in half duplea patching operations 
When lines are arranged so that a permanent 

spacing signal is received at the service board, 
while they are idle, a circuit feature of the sew 
ice board provides for observing that the per 
manent spacing condition on the line has beet). 
removed before a spare or released line iS COn 
nected into a concentration group. It, Will be 
assumed that the east line is a Spaire line in the 
idle condition and that a permanent spacing 
condition is imposed on it at the distant te”- 
minal. In such cases, when an idle indicating lamp 
lights in response to the operation of a key Such 
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as 402 by an attendant who is seeking an avail 
able line to a particular distant city, a patch is 
not made immediately to a concentration group. 
Instead the attendant inserts the plug 50 of a 
telegraph cord circuit, indicated as Fig. 5A, into 
jack 52 of the splitting circuit of Fig. 5. The 
telegraph cord circuit per Fig. 5A is not shown 
in detail in this application as it is not a part 
of this particular invention. The attendant also 
inserts plug 324 into a multiple jack, such as 36 
and plug 325 into jack 593 of Fig. 5. With these 
circuits interconnected in this manner, the con 
ductor over which communication signals are re 
ceived over the line circuit incoming from the 
distant office is extended through the tip of mul 
tiple jack 36, tip of plug 324, tip and break con 
tacts of jack 326, tip of plug 325, tip of jack 
593, tip of jack 532, tip of plug 50 and into the 
telegraph cord circuit, where it passes ultimately 
through the Winding of a telegraph receiving 
relay Such as 57, to negative battery. At the 
same time ground is connected through the 
sleeve of jack 53, sleeve of plug 325, sleeve of 
plug 334, sleeve of jack 36, through the bottom 
innermost contact of relay 30 which is operated, 
and the windings of relays 392 and 39 to bat 
tery. Reiays 39 and 302 operate from the direct 
ground Cin the sleeve of jack 503. This operation 
of relay 32 removes ground from the path here 
tofore traced through the Windings of relays 9 
and 3 to negative battery 5. This results 
in the renoval of the permanent spacing signal 
Which Was being transmitted to the distant tier 
minal over the east line and a change of relays 
- 9 and 8 to marking. The operation of relay 
39 operates relay 3 which changes the line 
repeater from the full duplex to the half duplex 
condition. 
When the marking signal is received at the 

distant terminal, the attendant thereat may re 
Spond in such nanner that the permanent spac 
ing condition in posed at the distant office on 
relays - and 2 is removed and changed to 
marking. As a result of this, relays 8 and 12 
are in tirin changed to the marking condition. 
When ground is removed from the armature of 
relay 2, the permanent spaciag signal is re 
moved from conductor 20 and the tip circuit 
heretofore traced into the telegraph cord circuit. 
Whel), the receiving relay 5 connected to the 
tip circiit responds to the marking signal, the 
attendant knows that the east line may be con 
nected into the concentration group, or he may 
Communicate With the distant attendant and co 
operate in making any tests necessary to assure 
proper transmission of the line and associated 
repeaters. The attendant, thereupon disconnects 
plug 325 fron jack 533 and connects it instead 
into a jack in a line circuit of the concentration 
group such as jack 3 3W or 327W depending 
upon. Whether the line is to replace an existing 
line in a concentration group or be added to a 
concentration group. 
Releasing a station circuit from a half duplea 

concentration, group 
Station loops noriinally connected to a concen 

tration group inay be released from the concen 
tration group for test purposes, or for transfer 
to other concentration groups or because their 
daily working period is ended. To perform this 
operation, a plug such as 32 having its ring and 
sleeve conductCrs interconnected is inserted in a 
jack such as 223. 
A circuit path is established as a result of the 
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above operation extending from ground, through 
the sleeve of jack 224, sleeve of plug 32, ring of 
plug. 32, ring of jack 224 and bottom winding 
of relay 220 to battery, operating relay 220. The 
Operation of relay 220 disconnects the station 
from the concentration group, by disconnecting 
the loop repeater transmission lead from the hub 
22 at the top armature and back contact of 
relay 220 and disconnecting the loop calling-in 
lead at the bottom armature and back contact of 
relay 220. 
Adding a station circuit to a half dupleac concen 

tration, 

After a loop has been disconnected from a 
concentration group it may be added to a dif 
ferent concentration group by inserting the plug 
324 into a jack such as 225 and the plug 325 
into a line jack such as 327. This extends the 
tip or transmission conductor of the loop re 
peater through the tip of jack 225, tip of plug 
324, tip and break contact of jack 326, tip of 
plug 325, tip of jack 327, into the hub. 22 f of the 
concentration group. It also extends the loop 
repeater calling-in conductor through the ring 
of jack 225, ring of plug 324, make contact of key 
333, which is operated for this purpose, ring of 
plug 325, ring of jack 327 into the common call 
ing-in conductor or signal hub 222. 
While a station loop repeater is released, con 

nection may be made to jacks such as 225 for 
testing purposes. This provides access to both 
the transmission conductor and the calling-in 
conductor of the loop repeater. Ground on the 
sleeve of the jack 225 is provided for controlling 
relays in the sleeves of cooperating testing cord 
or jack circuits. 
Transmitting 'good night' or permanent spacing 

sigmal 
When a station loop repeater is released, it 

may be arranged to transmit a permanent spac 
ing or "good night' signal toward the station 
by inserting a control plug Such as 328 into a 
jack such as 225. This connects ground from 
the sleeve of jack 225, sleeve of plug. 328, tip 
of plug. 328, tip of jack 225 to the transmission 
conductor of the loop repeater which transmits 
a permanent spacing signal to the station. 

If it is desired to transmit a 'good night' or 
permanent spacing signal over all of the circuits 
formed into a concentration group, a plug having 
its tip and sleeve conductors interconnected, 
such as 328, may be inserted into jack 32. 
A circuit is established under the above condi 

tion which may be traced from ground through 
the sleeve of jack 327, sleeve of plug 328, tip of 
plug 328, tip of jack 32, into the hub conductor 
22. As has been shown, a ground connected to 
the hub of the concentration group transmits a 
Spacing signal over each line and loop leg formed 
into the concentration group. 

Further, since the tip of jack 327 is common 
to the hub, a monitoring circuit, not shown, may 
be connected to jack 327 and signals may be re 
ceived in the monitoring circuit from the hub 
over the tip of jack 327 and through the tip of 
the plug of the monitoring circuit. 

Provision for testing and observing "hits” om a leg 
in a half dupleac concentration group 

Jacks 223, 223B, 329, 329W and 326 provide 
means for connecting a testing circuit to a line 
or loop leg and testing it separately from the con 
centration group and for observing for “hits' by 
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means of a trouble indicator cord circuit, not 
shown. Whether a line or a loop leg is normally 
associated with a concentration group, or, in the 
case of a line, is serving as a Substitute in a con 
centration group, connection of a trouble indica 
tor cord circuit to jacks such as 329, 223 or 326 
Will permit observation for hits occurring on the 
associated leg. When a line or loop leg is added 
to a concentration group through the medium of 
the patching cord terminating in plugs 324 and 
325, such observations will be obtained through jack 326. 
Attention is particularly called to the resist 

ances 2 9 and 2? 9B in Fig. 2 and 363, 303W and 
333 in Fig. 3. One end of each of these resist 
ances is connected to a tip conductor of one of 
each of the above jacks. The opposite end of 
each of these resistances connects through the 
contacts of the test relay to a ring conductor of 
the corresponding jack. These resistances are 
connected in series in the leg lead in eachin. 
Stance. When signals are being received from a 
leg, a potential drop in a particular direction oc 
CurS in its associated resistance. When signals 
are being sent to the leg through the resistance, 
the drop is in the reverse direction. Further, 
When signals received from one leg are sent to a 
group of legs associated together in a concentra 
tion group, a greater current flows in this leg 
than when it is sending to a line or loop. The 
drop for the first of these conditions is therefore 
greater. This assumes that at least three repeat 
er legs are joined in a concentration group. If 
a linear loop is in trouble, so that it is causing 
random false Spacing signals to be transmitted 
toward the hub, this condition may be detected 
by connecting to jacks, such as 223, 223B, 329 and 
329W, a device which is responsive to changes of 
potential across two points and which discrimi 
nates between such changes in reverse direction. 

Relays 220, 220B, 394, 304W, and 334 each have 
a Winding connected between ground and the 
Sleeve of an associated jack. These relays are 
arranged so that they may be operated or remain 
released, depending upon the resistance inserted 
in the connection to battery in the sleeve circuit 
Of the cooperating cord circuit. When a trouble 
indicator cord circuit is connected to any one of 
the jacks for the purpose of observing “hits' on 
the associated leg, since the trouble indicator 
cord is arranged to respond to a drop across the 
test resistance in a particular direction, the re 
sistance must remain in circuit and the test re lay remains unoperated. 
Jacks 223, 223B, 329, 329W and 326 also pro 

Vide means for monitoring on or Communicating 
Over a concentration group. The ring of each of 
these jacks connects directly to the hub of the 
concentration group. An inverse neutral re 
peater terminated in a receiving device only for 
monitoring, or in a sending and receiving device 
combined for communication, may be connected 
by means of a plug to the ring conductor of each 
of these jacks. Under these circumstances, if it 
is desired to monitor on the whole concentration 
group Or communicate over the whole concentra 
tion group, the resistance of the connected SleeVe 
circuit Will be high to prevent the Operation of 
the relays, such as 220,304 and 334. 

o If it is desired to split the leg of a loop or a 
line off from a concentration for testing it sep 
arately, connection is made to jacks such as 223, 
329 and 326 and the sleeve of the Connecting cir 
cuit is arranged so that it connects to battery 
through a low resistance to permit test relays   
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such as 220, 304 and 334 to operate. This discon 
nects the associated leg from the concentration 
group. The leg is extended through the associ 
ated tip conductor and the hub 22 through the 
aSSOciated ring Conductor of the cooperating jack 
into the connected circuit for testing. By con 
necting the inverse neutral repeater in the co 
operating connected circuit through a splitting 
key, it is possible to communicate With the leg 
which has been cut off from the hub over the tip 
or With the circuits which remain associated in 
the concentration group over the ring of jacks 
such as 223, 329 or 326. 

FULL, DUPLEx CONCENTRATION GROUP 

A full duplex concentration group will now be 
described. 

In a full duplex concentration group, separate 
independent hubs are required for transmission 
in opposite directions. The sending loops, re 
ceiving loops and lines may be connected to 
gether in various Ways, depending upon the traf 
fic requirements. The arrangement to be de 
Scribed will therefore be a typical arrangement. 
In this typical arrangement, a telegraph service 
board will be used to interconnect an east line, a 
West line and a local patron's station. Full du 
plex service is provided between the east termi 
nal and the West terminal over the east and west 
lines in tandem. The patron's station is equipped : 
With two loops for full duplex operation. 

For full duplex operation, Figs. 1, 6, 7 and 4 are 
arranged as indicated in the rectangular box Fig. 
B, bearing the legend “Full duplex concentration 
group.' 
including two lines and a local station comprising 
tWo loops. The two lines may be assumed to be 
an east line, which extends to a distant eastern 
terminal, and a West line which extends to a dis 
tant Western terminal. 

Although the detailed description will again as 
sume the use of four-wire metallic line circuits, 
it should be understood that carrier line circuits, 
tWO path polar circuits or differential duplex line 
circuits may be used when terminated in the 
proper inverse neutral type of repeater which 
provides Separate send and receive legs on the 
"drop side.' ihe legs appear in leg multiple cir 
cuits as previously described and each leg is ex 
tended from the leg multiple circuit through a 
line concentration jack circuit to a hub. The 
sending leg of one line is connected through the 
hub to the receiving leg of the other line in each 
instance. 

Since tWo hubs are required in full duplex op 
eration, one for east-to-west transmission and 
one for west-to-east transmission, in order to 
provide a subscriber's local Station With full du 
plex Service through Such concentration groups, 
it is necessary to provide two separate, loop cir 
cuits extending from any subscriber's premises 
to the telegraph service board. One such loop 
connects a local station circuit including a tele 
graph transmitting and receiving instrument at 
the subscriber's premises with an individual in 
verse neutral loop repeater at the service board 
terminal. It is extended via the leg of the loop 
repeater into an individual concentration jack 
circuit. From this loop concentration jack circuit 
it is connected into one of the two hubs. 

In a similar manner a second sending and re 
ceiving instrument on the subscribers premises 
is connected through a loop circuit to an indi 
vidual inverse neutral loop repeater. It is ex 
tended via the leg of the loop repeater into an 

This exemplifies a typical arrangement : 
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individual concentration jack circuit. From the 
concentration jack circuit it connects to the 
other of the two hubs. 
Thus, there is an individual hub and concen 

tration group for transmitting in each direction. 
Both are independent. 

In the case of full duplex operation, the con 
Centration group for the east-to-West hlub and 
the concentration group for the West-to-east hlub 
are located at the same attendant's position at 
the telegraph service board. If it is desired, a 
multiple appearance of the concentration jacks 
may be provided at a second attendant's position. 
The leg multiple jacks of the line circuits and the 
ide indicator lanps and control circuit are ar 
ranged in the Sairie manner as described above 
for a half duplex concentration group. 

Refer roW to Figs. 1, 6, 7 and 4 arranged for full 
duplex operation. In the numbering of the ap 
paratus for a full duplex concentration group, 
numbers only, without any letter suffixes, will 
be used as both station loops extend to the sta 
tion of but One patron and the sending leg of 
one line repeater is connected to the receiving leg 
of its cooperating line repeater. 

It was shown in the description above that the 
east line in Fig. 1 was convertible from a full 
duplex to a half duplex and vice versa. It was 
shown that When a line was released from a 
concentration group or serving as a spare line, 
the relay Such as 3 in the line repeater was re 
leased and the line repeater was conditioned to 
function as a full duplex repeater. In such case 
two separate legs extended from the repeater 
through the leg multiple circuit. On the other 
hand, When a line Was normally connected to 
a half duplex concentration group, relay 3 was 
operated and only one leg from the line repeater 
was used, in which case sending and receiving 
was performed over the single leg. In the ar 
rangement, now to be described, the line is nor 
Inally connected into a full duplex concentration 
group. Under such a condition relay 3 re 
mains released and two legs extend from the line 
repeater through the leg multiple circuit and into 
separate line concentration jacks for each leg. 
To provide for the four line legs from the two 
lines, four sets of line concentration jacks are 
required. When signals are transmitted from 
the distant terminal to the east, negative battery 
and ground are alternately connected to receive 
leg conductor 29. Conductor 20 connects 
through conductors 62 and 720, through the top 
outer armature and back contact of relay 70?, 
through test resistance i2, and the back contact 
and armature of relay 3 to hub 784 which is 
the east-to-West hlub. 
The send leg, by means. Of Which signals are 

transmitted to the distant West terminal, is con 
nected to the same hub, so that the east termi 
nal may transmit to the West terminal. The cir 
cuit may be traced from hub 64, through the air 
mature and back contact of relay 733, resistance 
736, through the top inner back contact and ar 
mature of relay, i.e., through conductors 736, 636 
and 33 into the rectangle exemplifying the West 
repeater and line. There the path will be con 
tinued through the left-hand break contact and 
armature of a relay such as 3 (which remains 
released), through the bottom Windings of relays 
such as 9 and i8 in series, through resistances 
such as í í and í í6 in series to negative battery 
such as 5. Thus signals impressed on relays 
f C and fe2 at the east terminal paSS through 
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hub 4 to a receiving relay such as 27 at the 
west terminal. - 
In a similar manner, Signals impressed on re 

lays such as and 82 at the west terminal con 
nect negative battery and ground for marking 
and Spacing through the contacts of a relay such 
as 2 in the West repeater. These signals are in 
pressed through conductors 3, 63 and 73, 
through the top outer armature and back con 
tact of relay 9, through resistance 788 to hub 

5, which is the west-to-east hub. From hub 
5 a path may be traced through the armature 

and back contact of relay 39, resistance 0, top 
inner back contact and armature of relay O, 
conductors 732, 632 and 32, left-hand back con 
tact and armature of relay ! í3, bottom windings 
of relays. 9 and 8, resistances 7 and 6 
to negative battery 5. This results, as has been 
previously shown, in the reception of signals by 
receiving relay 22 at the east terminal. 
. . One loop from the local station is connected 
through an individual loop repeater and an in 
dividual group of concentration jacks to hub 704, 
and the other through corresponding facilities to 
hub 5. 
In the station circuit shown in Fig. 6 there is 

a telegraph key and a sounder in each loop. The 
equipment in the station loops may be varied to 
suit conditions. For example, where a station 
circuit is to be restricted to receiving only, the 
equipment on the loop would comprise only a 
sounder. The polar relay, by means of which 
the inverse neutral repeater receives signals trans 
mitted from the local Station and transmits thern 
toward the hub, Would be blocked in the mark 
position or Would be removed from its jack mount 
ing and replaced with a dummy relay base 
Strapped to obtain the same effect. Such loops 
would not be equipped for calling in the service 
board attendant, hence the call signal key, at 
the station, corresponding to key 227 in Fig. 2 
and the differentially connected relay, such as 
206 in Fig. 2, would be omitted. 
With the concentration group described, the 

east and west line may communicate on a full 
duplex basis. Signals transmitted from the east 
to the west terminal will be recorded by the 
Sounder in one loop at the local Station. Signals 
transmitted from the west to the east terminal 
will be recorded by the receiving instrument in 
the other loop at the local station. The tele 
graph key in one loop at the local station may 
be used to communicate With the east terminal. 
The transmitter in the other loop at the local 
station may be used to communicate with the 
West terminal. 

Attention was called above to the fact that 
the connections for full duplex Service are Wide 
ly variable dependent on the traffic desired. As 
an illustration, it is possible to connect a group 
of lines such as described herein, so that they 
radiate from a service board in many directions 
and to interconnect all of their sending legs into 
a common hub. A loop from a local station hav 
ing a transmitting instrument could be connected 
to the common hub to establish a broadcast ar 
rangement. All of the receiving legs of line re 
peaters from the various distant terminals could 
be connected into a common hub and extended 
through a separate loop to the receiving instru 
ment at the local station. Transmission from 
the various distant stations to the local station 
could be scheduled on a time basis to prevent 
interference or, if one distant terminal were 
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distant terminal started to transmit simultane 
ously, the local station could signal over its broad 
Cast transmitter that the station receiver was busy. 

Releasing a line from a full duplea concentration 
group 

The manner in which a line which normally 
forms part of a full duplex concentration group 
is released from a concentration group will now 
be described. 
To exemplify this operation the east line will 

be released from the concentration group de 
Scribed above. To release the east line, a ring 
Sleeve Short circuiting plug, such as plug 32, is 
inserted in jack . . This establishes a circuit 
from ground, through the sleeve of jack i? , 
sleeve of plug 32, ring of plug 32, ring of jack 
TI I l and top winding of relay 7 2 to battery, op 
erating relay 72. The operation of relay 72 
in turn operates relay 70 over an obvious cir 
cuit, to break the connections of the send and 
receive legs Of the east line from hubs 705 and 
704 at the top inner armature and back contact 
and top outer armature and back contact, re 
Spectively, of relay Of. 
The west line may be released by a similar op 

eration performed in a corresponding jack in 
the West line. 

Replacing a line forming part of a full duplea 
Concentratiom group Uith a line Uhich has beem 
released from a different concentration group 
In order to Substitute a released line for a line 

5 normally forming part of a full duplex concen 
tration group, it is first necessary to find a re 
leased idle line to the desired distant terminal 
Which is available to serve as a substitute. In 
the case of all idle lines, both released and spare, 
a path is closed from ground connected to the 
filaments of the idle indicating lamps of each 
circuit in multiple, through its associated leg 
multiple circuit, to battery in the idle indicator 
Control circuit. The attendant operates the idle 
indicator control key at the position where the 
Concentration group is being administered. This 
lights the multiple lamps of every telegraph line 
in the service board which is not at the moment 
serving in a concentration group. The attend 
ant selects one connected to the desired distant 
terminal from reference to a designation strip as 
Sociated with the lighted lamps. A patch is made 
from the multiple jack associated with the avail 
able line, at the attendant's position where the 
concentration group is administered to the con 
trol jack of the line in the full duplex concen 
tration group which is to be released and replaced 
by the new line. This automatically releases the 
old line and connects the two legs of the new 
line into the two hubs. 

It Will be assumed, in order to demonstrate 
this operation, that the concentration group con 
sists of the West line and the local station loops. 
It will be assumed also that the east line is idle. 
The east line, it will be assumed, normally forms 
part of another concentration group instead of 
the concentration group described above, from 
which other concentration group it has been re 
leased by an operation such as described in the 
preceding Section herein. 
Under the above circumstances, the two line 

concentration jack circuits associated with the 
two legs of the east line would appear at the 
position where the concentration group with transmitting to the local station and a second is which the east line is normally associated is ad 
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ministered. A ring sleeve short circuiting plug 
would have been inserted in jack at that 
position. Relays 7 í 2 and T0 í would be operated. 
The attendant at the position Where the con 

centration group, comprising the West line and 
the two loops to the single local Station, is being 
administered first operates key 363 to close the 
ring circuit of the patching cord and then in 
serts plug 324 into jack 5 when lamp i? 3 lights 
and inserts plug 325 into jack 77 in the West line. 
A circuit may then be traced from battery 

through the windings of relays 78 and 79 in 
series, the bottom innermost front contact and 
armature of relay 76 í, sleeve of jack T í5, sleeves 
of plugs 324 and 325 in series, sleeve of jack 
77, and the bottom and middle windings of 
relay 2 to ground, operating relays 79 and 
72 . The botton winding of relay 2 in the leg 
multiple circuit normally forming part of a full 
duplex concentration group is a high resistance 
Winding. The object of this is to reduce the cur 
rent in the sleeve circuit last traced so that re 
lay i 8 cannot operate for the full duplex con 
dition. This prevents the operation of relay 3 
in the line repeater and maintains the line re 
peater in the full duplex condition. Relay iO7 
follows the operation of relay 72 . Relay - 70 
disconnects the old west line from the concen 
tration group. Relay 9 disconnects the idle 
indicator control circuit to prevent lamps such 
as 76 from lighting during the interval while 
the east line is Serving in a concentration group. 
Relay 9, at its top break contact, disconnects 
the ground which Sends a permanent spacing 
Signal Over the Sending leg of a released line, 
At the top make contact, relay 9 connects 
ground to the top winding of relay 2 to main 
tain relay 2 operated. This prevents the re 
lease of relay 72 by the removal of the short 
circuiting plug from its control jack at the posi 
tion where its normal concentration group is ad 
ministered, which would otherwise reconnect the 
east line into its normal concentration group. 
The ring and tip circuits of jack 75, plug 

324, plug 325 and jack 77 in series extend the 
Sending and receiving legs of the east line through 
test resistances i 96 and 7 68 into hlubs. Ti 04 and 
705, respectively. It is pointed out that the send 
ing leg of the new east line joins the hub to which 
the Sending leg of the old west line was formerly 
connected. The receiving leg of the new east 
joins the hub to which the receiving leg of the 
old West line was formerly connected, 
Replacing a line forming part of a full duplea 

concentration group with a spare line 
As in the case of a half duplex concentration 

group, it is possible to Substitute a spare line 
for a line normally forming part of a full duplex 
concentration group. 
Attention is again called to the fact that a 

Spare ine is a line which is not normally con 
nected through a line concentration jack circuit 
to a hub or hubs. It is equipped with a leg mul 
tiple circuit, but the leg multiple circuit is wired 
in Such manner that it corresponds electrically to 
a circuit in which a relay such as C or GT is 
permanently operated. 

It will be assumed that the east line is arranged 
as a Spare and it will be used to replace the west 
line which is normally connected into a concen 
tration group with the two-loop station circuit 
as described above. 
When lamp 6 is lighted, key 343 is oper 
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ated, plug 324 is inserted in jack if 5 and plug is 

15 
325 is inserted in jack 7. Relays 72 and TO7 
in the old leg multiple circuit operate to cut the 
old line off from the concentration group. Re 
lay 9 in the spare line operates to disconnect 
the idle indicator lamp circuit and to disconnect 
the ground which is transmitting a permanent 
Spacing Signal to the distant east terminal. The 
operation of relay 9 also connects ground to 
the lower terminal of the top winding of relay 
7 í2, to hold the relay operated. In the case of 
a spare line, however, this serves no purpose. The 
reason for this is that in a spare line it is not 
necessary to guard against the removal of a re 
leasing plug. A spare line is not provided with a 
concentration jack circuit and is not normally a 
part of a concentration group. In the case of a 
spare line, therefore, it is not necessary to hold 
relay 2 operated over a separate path to guard 
against the removal of a releasing plug which is 
the function performed by ground connected to 
the top front contact of relay 9 for a line nor 
inally forming part of a concentration group. 
The tip and ring circuit.S of the spare line join 

the two hubs of the concentration group in the 
Same nalner aS for a released linie. 

Relay : 8 does not operate due to the high 
resistance of the bottom winding of relay T2 for 
a line normaily connected into a full duplex con 
centration group. Attention is called especially 
to the fact that the bottom winding of relays in 
the leg multiple circuits, such as f2 and 72 in 
Fig. 7 or 35 and 3:5W in Fig. 3, is of high re 
Sistance. The bottom Winding of these relays is 
used. When the leg rinultiple circuit is normally 
connected into a full duplex concentration group. 
The middle winding of these relays is of low re 
sistance. Hence, when line circuits are associ 
ated with a half duplex concentration group, 
connection from the aSSociated release control 
jack is made to the middle Winding. When the 
line circuits are associated with a full duplex 
concentration group, connection is made from 
the associated release control jack to the high 
resistance Winding. It is by meains of relay 
WindingS having resistances of different magni 
tudes connected to the Sleeves of the release con 
trol jacks, such as and 33, that it is pos 
sible to control an idle released line or an idle 
Spare line Which is being added to a concentra 
tion group so that it is conditioned properly to 
function either full or half duplex, depending 
upon whether the concentration group to which 
it is joined is full or half duplex. 

Adding a released line to a full duplea 
concentration group 

In order to add a released line to a full duplex 
concentration group, the multiple jack such as 
75 of a released line, which is found to be avail 
able, is patched by means of plug 324 and plug 
325 to a jack Such as 22. Key 343 is first oper 
ated to close the ring circuit. In this case there 
is no old line to be released, so the sleeve cir 
cuit of the added line, instead of being extended 
to ground through a high resistance relay wind 
ing, is connected to ground through high resist 
ance 723. The relays in the added line func 
tion as described above for the relays in a re 
leased line which is Substituted in a full duplex 
concentration group. 

Access to the two hubs of full duplex concen 
tration groups for the purpose of adding lines may 
be had by means of tWo jacks in any line already 
joined in the concentration group, Such as 722 or 
724. The connection of the tip and ring circuits 



of these jacks to the two legs is reversed, to permit 
the sending and receiving legs of an added line to 
be connected to either hlub as required. 

Adding a spare line to a full duplea 
concentration group 

The operation of adding a Spare line to a full 
duplex concentration group is the same as de 
scribed in the last section above for a released 
line. To reiterate, a spare line when available () 
for connection to a concentration group is elec 
trically the equivalent of a released line. 

Adding a station circuit to a full duplea 
concentration group 

A station loop which is spare or which has 
been released from a concentration group with 
which it is normally associated, by a ring sleeve 
short-circuiting plug inserted in a jack Such as 
60 í or 62, may be patched into a full duplex 
concentration group by inserting plug 324 into 
jack 603 and plug 325 into jack 724. Similarly a 
second plug such as 324 may be inserted into jack 
604 and the corresponding plug 325 may be in 
Serted into jack 722. 

For a full duplex station circuit it is necessary, 
as has been explained, to provide two loops 
equipped with individual inverse neutral repeat 
ers to connect the local Station into the two hubs. 
It is necessary to connect each of the two legs of 
the Station loops to the proper hlub. This may 
be done by connecting the proper loop to the par 
ticular jack of jacks 722 and 724 which connects 
into the desired hub to provide the desired traffic 
arrangement. When patching station loops key 35 
333 is positioned so as to leave the ring circuit 
Opened. 

lib 
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Observing hits and testing in full dupleac 
concentration groups 40 

Observing hits and testing in full duplex con 
centration groups is performed in the same man 
ner as for half duplex concentration groups. In 
the case of observing for hits, a trouble indicator 
cord circuit or "hit' indicator as it is otherwise i, 
known is connected to jacks such as 605, 606, 726, 
27, 28 or 29. The condition on the sleeve of 
the connecting trouble indicator cord circuit is 
such that the associated test relays 607, 608, 7.09, 
703, 733 and 730 are prevented from operating 5t 
While observing for hits is in progress. Observing 
for hits on a full duplex concentration group is 
pOSSible in the case of lines only on a receiving 
leg, that is, a leg by means of which a distant 
terminal transmits toward the hub, and while is 
there is no transmission of communication signals 
OVer this branch of the circuit. That this is the 
case should be apparent by observing that even 
though the line, by means of which signals are 
transmitted to a distant terminal, is momen- o 
tarily grounded by a hit, the associated inverse 
neutral repeater cannot be operated. Conse 
quently there can be no drop in potential across 
the associated test resistance to be recorded by 
the hit indicator. 65 
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Supervision in full dupleac patching operations 
A line which is available for connection into a 

concentration group and which is arranged so 
that a permanent spacing signal is being trans- 70 
mitted from the distant terminal toward the 
telegraph Service board while it is idle, may be 
observed, to insure that the spacing condition 
has been removed from the line before it is con 
nected into a full duplex concentration group. 75 

When a lighted idle indicator lamp designates 
a line which is to be connected into a full du 
plex concentration group, a patch is made by 
connecting plug 324 into the leg multiple jack 
and plug 325 into jack 54 of Fig. 5. Ground 
through high resistance 505 conditions the leg 
multiple circuit and hence the line repeater to 
function full duplex. Key 343 is closed. The tip 
and ring circuits of the jacks and plugs in series 
extend the legs of the inverse neutral repeater 
in the full duplex line to the tips of jacks 502 
and 506, respectively. By connecting two plugs, 
such as 50 of two Figs. 5A to jacks 502 and 506, 
observations may be made to insure that the line 
to be added to the full duplex concentration 
group is in proper condition before the line is 
added to the concentration group. This latter 
operation is performed by withdrawing plug 325 
from jack 504 and connecting it to a line jack 
Such as or 722, depending upon whether the 
new line is to replace a line already forming 
part of a concentration group or is simply to be 
added. 
What is claimed is: 
1. In a telegraph system, the method of operat 

ing a multiposition telegraph concentration board, 
which comprises (1) connecting each telegraph 
channel, which may be connected into a network, 
permanently to an individual hub type repeater, 
(2) providing direct access to the hub legs of said 
channels at a plurality of operator's positions and 
direct acceSS to each leg of each hub type repeater 
of each channel which may be assembled into the 
Same network at the same attendant's position in 
the concentration board, (3) joining the leg of 
each hub type repeater of each channel which is 
to be assembled into a common network through 
switching facilities at the attendant's position 
Where direct access to each of said legs is pro 
vided, to permit the administration of telegraph 
repeater concentrations at an operator's position 
in a multiposition Switchboard by effecting the 
addition, Subtraction or substitution of telegraph 
channels in networks while precluding the neces 
sity for adjusting telegraph repeaters in the net 
Work to accommodate the changes. 

2. In a telegraph system, the method of estab 
lishing an operable network of telegraph chan 
nels through telegraph repeaters which com 
prises (1) equipping each channel which may be 
formed into a network with an individual hub 
type repeater, (2) extending the leg of each hub 
type repeater in each line, which is connected to 
a distant central terminal and which maybe con 
nected into a network, through an individual mul 
tiple outlet in the various positions of a multipo 
sition telegraph switchboard, (3) joining the legs 
of the hub type repeaters of all telegraph lines 
which connect to distant terminals and of all sta 
tion loops which lines and loops normally form 
part of a particular concentration group through 
SWitching facilities at a particular position in said 
multiposition board, to permit the administration 
of telegraph repeater concentrations at a switch 
board position by effecting the addition, subtrac 
tion or substitution of telegraph channels in net 
works while precluding the necessity for adjusting 
telegraph repeaters in the network to accommo 
date the changes. 

3. In the process of establishing telegraph net 
Works, comprising telegraph channels connecting 
telegraph central terminals, said networks in 
cluding telegraph repeaters at the junction of 
Said channels, as new steps in the process, to ex 
pedite the formation and changing of networks 



2,349,586. 
and to eliminate the procedure of adjusting the 
repeaters when said networks are being estab 
lished or changed, (1) equipping each channel 
With an individual hub type repeater, (2) con 
necting the hub type repeater leg, which extends 
to the hub of hub type repeater concentration 
group, through a plurality of multiple appear 
ances in a multipOsition telegraph switchboard, 
So that hub type repeater networks comprising 
any of the lines connected to the board may be 
built up by an attendant at any of a plurality 
of positions in the Switchboard without the neces 
sity for making adjustments in the various re 
peaters to accomplish the changes. 

4. In a telegraph System, a telegraph office, a 
plurality of telegraph channels extending into 
Said Office, an in Verse neutral repeater perma 
nently connected in each of said channels, means 
at said office for interconnecting certain of said 
channels into an inverse neutral repeater con 
centration group, and relay SWitching means at 
said office for controlling the addition of another 
of said channels to said concentration group. 

5. In a telegraph system, a telegraph office, a 
plurality of telegraph channels extending into 
Said office, an in Verse neutral repeater perma 
nently connected in each of Said channels, means 
at Said office for interconnecting certain of Said 
channels into an inverse neutral repeater con 
centration group, and relay Switching means at 
Said Office foi controling the Substitution of an 
other of Said channels for a, channel connected 
into said concentration group. 

6. In a telegraph system, an inverse neutral 
concentration group comprising a plurality of 
telegraph channels each permanently equipped 
With an in Verse neutral repeater, all connected 
into a hub, an individual telegraph channel sepa 
rate from said concentration group equipped also 
with an inverse neutral repeater, and a relay 
switching circuit in said concentration group, for 
controlling the connection of Said individual 
channel into Said concentration group. 

7. In a telegraph system, an inverse neutral 
repeater concentration group comprising a plu 
rality of telegraph channels each equipped with 
an inverse neutral repeater, all connected into a 
common hub, and relay Switching means for con 
trolling the release of one of Said channels fron 
Said concentration group. 

8. in a telegraph Systein, an inverse neutral 
concentration group comprising a plurality of 
telegraph channels each equipped with an in 
Verse neutral repeater, all connected into a com 
mon hub, another channel equipped with an 
other inverse neutral repeater, means in Said con 
Centration group and in Said other channel for 
connecting said other channel to said hub, and 
means respon Sive to the connection of Said other 
channel to said hub for disconnecting a channel 
which formed part of said concentration group 
from Said hub. 

9. In a telegraph System, a telegraph switch 
board comprising a plurality of attendant's posi 
tions, individual inverse neutral repeater concen 
tration groups comprising groups of telegraph 
channels associated into individual hibs at, in 
dividual positions in said Switchboard, a group 
cf independent telegraph channels separate from 
Said coincentration groups, each of said inde 
pendent channels equipped with an individual in 
Verse neutral repeater, means of access to said 
independent channels at each of said attendant's 
positions, and means at each of said positions 
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for connecting any of said independent channels 
to any of Said concentration groups. 

10. In a telegraph System, a telegraph office, 
a telegraph switchboard therein, a plurality of 
attendant's positions at Said Switchboard, a group 
of telegraph channels, an individual repeater in 
each of Said channels, neans at a particular posi 
tion in Said Switchboard for interconnecting said 
channels into an operable telegraph network, a 
Separate telegraph channel, an individual, re 
peater in Said separate channel, means of access 
to said separate channel at each of said positions, 
means at said particular positions for connecting 
said separate channel to said network, and means 
in Said netWork and in said separate channel pre 
cluding the necessity for adjustment in Said net 
Work or in said separate channel to compensate 
for said connection of said Separate channel to 
said network. . . 

11. A system in accordance With claim 10, and 
means in said system responsive to the connection 
of said separate channel to said, netWork for dis 
connecting a particular channel from Said net 
Work. . . . . . 

12. In a telegraph system, a group of telegraph 
channels each permanently equipped individually 
with a telegraph repeater, a switchboard, an at 
tendant's position at Said SWitchboard, means at 
said attendant's position for interconnecting a 
plurality of said channels into an operable tele 
graph network, relay means at said position for 
controlling the addition of a channel to said net 
work, controlling the subtraction of a channel 
from said network or controlling the substitution 
of a channel for a channel in said network, and 
means in said channels and in Said network pre 
cluding the necessity for making adjustinents 
in said repeaters to accommodate said changes. 

13. In a telegraph System, a telegraph line cir 
cuit for connecting a first and a Second telegraph 
central terminal, an inverse neutral repeater 
therein, a circuit including the hub point of an 
inverse neutral concentration group, a, relay cir 
cuit for controlling the connection of Said line 
to said hub, means in said line circuit for condi 
tioning said line to function either full duplex or 
half duplex, and control means in Said relay cir 
cuit, for Said conditioning nean.S. 

14. In a telegraph Systern, the method of Oper 
ation of hub type repeaters to provide full duplex 
operation between a group of stations which con 
prises the formation of two Separate hub concen 
trations, interconnecting each of the stations of 
said group individually to each of Said concer 
trations, transmitting from each of Said Stations 
in one direction through one hub and receiving in 
each of said stations in the opposite direction 
through the Second hlub. 

15. In a hub type repeater telegraph Systeria, 
a first telegraph terminal, a second telegraph 
terminal, a plurality of hub type telegraph re 
peaters interconnected to fornin tWo Separate indi 
vidual hub concentrations connecting said termi 
nals and means in said concentration for provid 
ing simultaneously two-Way telegraph operaticn 
between Said terminals. 

16. A system in accordance with claim 15, a, 
local telegraph station, and Separate telegraph 
channels connecting said Station aind each of Said 
concentration to provide Simultaneous two-Way 
telegraph service over said system for said local 
station. 

17. In a telegraph System, a first, Second and 
third telegraph station, a first and a second tele 
graph channel connecting said first, and Said Sec 
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ond station, a third and a fourth telegraph chan 
nel connecting said second and Said third station, 
inverse neutral repeaters in said channels at 
said second station, means at Said second station 
for interconnecting Said first and Said third chan 
nels through an inverse neutral hub, means also 
at Said second station for interconnecting Said 
Second and Said fourth channels through a Sec 
ond hub. 

18. In a telegraph system, a telegraph channel 
including an inverse neutral repeater, a leg ex 
tending from said repeater, a first means con 
nected to said leg for extending said leg to the 
hub of a first concentration group, a second 
means connected to said leg for extending Said 
leg, when released from said first concentration 
group, to a second concentration group and means 
individual to said first concentration group for 
releasing said channel from said first concentra 
tion group. 

19. A system in accordance with claim 18 in 
which said means for extending said leg to said 
second concentration is a multiple jack circuit 
comprising a pack at each of a plurality of posi 
tions in a switchboard. 
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20. A system in accordance with claim 18 in 

which said means for releasing said channel com 
prises a relay having a pair of contacts connected 
in series in said leg and a winding connected to a 
single concentration jack at a particular position 
in said board so that said channel may be re 
leased at One point only in Said board. 

21. In a telegraph service board, a first plu 
rality of inverse neutral repeaters interconnected 
into a first concentration group, a Second plu 
rality of inverse neutral repeaters interconnected 
into a Second concentration group, relay means 
associated with said first group for releasing any 
of Said first plurality from Said first group, means 
in said board for interconnecting said released 
repeater to Said Second group, and means aSSO 
ciated with said released repeater, operable upon 
the connection of said repeater to said second 
group for preventing the reconnection of said 

20 released repeater to said first group. 
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