A. R. BONORDEN ET AL - 2,349,586 -

May 23, 1944,

INVERSE NEUTRAL TELEGRAPH REPEATER CONCENTRATION GROUP SWITCHING

Filed Oct. 24, 1940

6 Sheets~Sheet 1

— 28 g YILvIdIY THININ FSUIAM W_
| ‘ onNy NS
INIT 34 4007 L1534 ® S
YA Y] B ﬁNvm.M_ana
77 = E L SOE
2e by = / QXX
=+ 5 201 £y BPSNEN,
<TUOX
Lv - .
= o pAl e ©
g = i - - 8
: = If ) == _ 3
= Wll.l —
P W Hozzrerv709 2ot Qw\mv&& 10/ . M
AVW - B === ! L=
= - 1 96/ Iﬂmﬁ
¥ so/
: 03214v 704 PR N0Y9 NO/LVY INFINOD
zr; 3218704 v oord | IR Ly
T _._.M\w\ £°94 | 9914 | 1914
0612 =22 - §9/4
I i J0HS NOJLvH LNIINOD
éi%_.zs. - » 014 X37400 3708
= Mg Loped |- £94 | 2017 | 1914
V0w u @3214770d ¥ 9
- 61 $2/ o2/
a3z/4v70d =
1y = &l
b2 T ‘
T~y G320 70d

! 914

YILVIIIS TYHLOIN ISYIANI

aNy

FNIT 3416 HN0L LSET

ALL

MAR.

o

ATTORNEY

s



2,349,586

A, R, BONORDEN ET AL
INVERSE NEUTRAL TELEGRAPH REPEATER CONCENTRATION GROUP SWITCHING

May 23, 1944,

6 Sheets-Sheet 2

Filed Oct. 24, 1940

28617
981
Nkl
£oc
fHIonwh zer—]
_ _ - o= o oy
70 L0, 1A
A e e
912
gr22 p2z
. 8124
- 4oy s 01—
\w e g . MQN ﬂ - % ‘
§5227% sza/% == 7R - 2l 107 |
. groz—=| =gmz ﬁmm @WHJ m~ wﬁ
g502, rW\) - gsoZ ol 60 0Z
= a6z g T §907 mow - WP |
gorz—= e = S s |
A% i ap
g2/2. V=4 _ =

|

o
Cy
[
N
@
3
g

INVENTORS

o
/. :
ATTORNEY

Byé%



2,349,586

6 Sheets-Sheet . 3

A, R. BONORDEN ET AL
INVERSE NEUTRAL TELEGRAPH REPEATER CONGENTRATION GROUP SWITCHING
Filed Qct. 24, 1940

May 23, 1944.

122, 222 S o
L Hn..I i m- -
X N
T WGy
~ POE, Suay ¥
SSERTNR S
60€ - goc | 808 W_M N 2
oy A NN <
v— m. 9, !VNM. vt TAUSRK }
2 616, = S &
e 62¢ mmﬁﬂ% ole >
‘ — = =] §
_ z 2
EpE— ]
G \%
-————— Ao,
pee, _cee|]| M e et _ L =
L - T [= .
I E : 5
W | =C 100 . i v L) LTI- o
ey ——— ———— =3 | M -3 \
ﬁmlnllﬂﬁl o | Trre T7 o | Tt T]
bz 87¢ 22¢ 106 mL2e
gee B FNIT 1SIM MIOE
T mere P s mzzep = Mz 5
VO A% v
e O y— \W A Oy
MEIE MLIE MIIE
LS s el _ o111
_ 91—
‘ &9 11—
. - 2€/
sle | e e %m\\\, 1
zz = s =

o



May 23, 1944.

A. R. BONORDEN ET AL

2,349,586

INVERSE NEUTRAL TELEGRAFH REPEATER CONCENTRATION GROUP SWITCHING
Filed Oct. 24, 1940

Che
&
! <
[+ 4
8 L))
& o
Q@
N
ﬁt
i) S ©
Q
s 8 &g

L~ 320

Fl6. 4

6 Sheets~Sheet 4

)
T 8
-kAHBIE-U'

qto

=l §
1. { 5
o
< N

- n—h
- gy
- —
- ——

&
& Ou
SR
- OQgw
p 2
AR BONORDEN
BV KOOS
INVENTORS : J.A.KRECEK
WV LARGE
7.4 MARSHALL

' ATTORNEY



May 23, 1944, A. R. BONORDEN ET AL 2,349,586

INVERSE NEUTRAL TELEGRAPH REPEATER CONCENTRATION GROUP SWITCHING

Filed Oct. 24, 1240 - & Sheets-Sheet 5
. 5
3y N S Q/gﬂ
O " . © N
Y o il
© o 1 I
S 1 ]
—N Y
{ | 8
.\-E - N
S o o ~ £
3 ¢ 8 &
Q QO
5 v%:s-u's I
o N 1 % [ e
©
N._™ '
o
\f\
3
2
N
3
<
3
g
© %’
i
()
o~
lk AR

-

£

|f e

7 1|

A.R.BONORDEN
Pl KOOS
INVENTORS : J. A. KRECEK

V.LARGE
T.A.MARSHALL

9:;)%' ORNEY

N

8y




May 23, 1944. A. R. BONORDEN ET AL 2,349,586

INVERSE NEUTRAL TELEGRAPH REPEATER CONCENTRATION GROUP SWITCHING

Filed Oct. 24, 1940 6 Sheets-Sheet 6
:H St ' . Fl %I' b
. || i I I
%- NI %‘ 3 :
TSI sy o "
}‘l . ]h >Jar\?1 0a><r§,b %
© N R N N
a8 o '
i% : :
j ; o | S b
\ ’ 0 g o 3 K~ el
j' j" AN | ] T IE0R
N
)
%
™
3
R
" © “™
R R R
RN
N
~ % 2 | § 2 N [
~ i ~ ~ )
s =Ll T
2 1 X 1 N gCS-
3
e
RBR
\T‘\ o N %
- N o R
ﬁ ANV
! R
>V K00S
INVENTORS : J.A. KRECEK
WV LARG

V.LARGE
T AMARSHALL
L}

8y
(} ATTORNEY




Patented May 23, 1944

UNITED

2,349,586

STATES PATENT OFFICE

2,349,586

INVERSE NEUTRAL TELEGRAPH REPEATER
CONCENTRATION GROUP SWITCHING

Allen B. Bonorden, Plainfield, N. J., and Paul V.

Koos, Woodside,

Joseph A. Krecek, New

Rochelle, Wayne V. K. Large, Glenwood Land-
ing, and Tola A. Marshall, Floral Park, N. Y.,
assignors to Bell Telephone Laboratories, In-
corperated, New York, N. Y., a corporation of

New York

Application October 24, 1940, Serial No. 362,548
(ClL 178—13)

21 Claims.

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. PFurthermore, 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, P. 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
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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
1line 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 maghnitude 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 semipermanent concentration groups, so that
they may he 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 switehboard attendant
in the switchboard line-up. The line side of the
line repeater circuit is adjusted onece 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 g particular
position in the board in a group of three jacks
which will be termed hereafter “loop concentra-
tien jacks.” All of the Jacks associated with
loop circuits which are to he 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
position. The loop jacks may be multipled to a

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

2,349,586

second position, so that at times, a second at-
tendant may supervise the concentration group.
The line circuits, the repeater legs of which, as
bas been pointed out, are multipled throughout
the hoard, 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 tem-
porary basis into a particular telegraph network
by a patech 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
the attendant. etc., and, in general, permit the
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complete administration of the various private
lihe networks, the testing and supervision of the

elements of a network, the addition of lines or )

loops, the disconnection of a line or a loop or the
substitution of a new line or loop for one forming
part of a network. All of this may be performed
by an attendant seated at a switchboard. As
pointed out above, since the leg of each line and
loop is equipped with its own individual inverse
neutral repeater, these: additions, subtractions
and substitutions may bé made without the neces-
sity for making any compensating adjustments in
the network or in the:individual repeaters.

The invention may be more fully understood
from the following description when' read with
reference to the various asscciated drawings in
which:

Fig. 1 represents two four-wire full - metallic
telegraph line circuits, equipped with - inverse
neutral line repeaters, arranged for conversion
from full to half duplex operation when connect-
ed to full or half duplex concentration groups;

Fig. 2 represents two telegraph station loop
cireuits equipped with two inverse neutral loop
repeaters and two sets of loop concentration
jacks, for connecting two' local stations into a
half duplex concentration group; -

Tig. 3 represents two line leg multiple circuits
and two sets of line concentration jacks, the last
mentioned for use in terminating two- lines ar-
ranged for half duplex operation and includes
a station calling-in circuit by means of which a
station attendant may call an attendant at a
service board; . .

Fig. 4 represents an idle indicator control cir-
cuit for ‘controlling lamps which momentarily
indicate all idle lines to remote points, in re-
sponse to the actuation of a key by an attend-
ant who requires a new line, to enable the  at-
tendant to quickly select a line to a particular
distant terminal for connection to a concentra-
tion group. ‘

Tig. 5 represents a splitting circuit which is
used with a telegraph cord circuit for testing
Jines before the lines are connected to a con-
centration group; el

Fig. A represents a telegraph cord circuit for
use in connection with Fig. & for testing lines
before adding them to a concentration group;

Fig. 6 represents a local station connected
through two separate loops to two inverse neu-
tral lcop repeaters and two sets of loop concen-
tration jacks, for use in full duplex operation;

Tig. 7 represents two leg multiple circuits and
four sets of line concentration jacks for use in
terminating two lines to remote terminals ar-
ranged for full duplex operation:

The rectangle Fig. A bearing the legend “Half
duplex concentration group” indicates the man-
ner in which Figs. 1, 2, 3 and 4 are assembled to
form a half duplex. concentration group, com-
prising two lines to two distant terminals and
two local station loops, at the telegraph service
hoard.

The rectangle Fig. B bearing the legend “Full
duplex concentration group” indicates the man-
ner in which Figs. 1, 4, 6 and 7 are assembled to
form & full duplex concentration group compris-
ing two lines interconnected through a telegraph
service board, as the switchboard of this inven-
tion is known to provide full duplex operation
between two remote terminals. It shows also a
single patron’s station in the local area served
by the telegraph service board, connected through
two loops into the full.-duplex line to provide

10

15

20

25

30

35

50

b5

60

65

70

75

3
full duplex opetation between the local station
and the two remote terminals.

HaLF DUPLEX CONCENTRATION GROUP

A half duplex concentration gioup will first be
described. )

Figs. 1,-2, 3 and 4 are arranged in relation to
each other as indicated in the rectangular block
diagram Fig. A, bearing the legend, “Half duplex
.concentration group.” As thus arranged, they

constitute a concentration group, comprising two .

telegraph line circuits and two telegraph loop
circuits, together with a calling-in signal circuib
and an idle indicator control circuit. The tele-
graph line and loop circuits are connected to-
gether at a telegraph central office, through a
new telegraph facility to be known as a telegraph
service hoard. The operation of the fundamen-
tal switching circuits of this new board are to
be described herein. ‘

From the office where the telegraph service
board is located, one telegraph line circuif is as-
sumed to extend to a telegraph central office to
the east and the second to a telegraph central
office to the west. One loop connects a local
telegraph station designated A, of a first patron,
in the same local area as that in which the service
poard is located into the concentration group at
the service board. The second locp connects a
local telegraph station, designated B, of a sec-
ond patron, also in the same local area as that
in which the service board is located, into the
same concentration group at the service board.

The circuits are arranged to form a half du-
plex telegraph concentration group. By this is
meant, in this instance, that either loop station
may send telegraph sighals which are transmit-
ted to the other loop station and over the line
east and line west simultaneously, or either line
may send telegraph signals which are fransmit-
ted to each loop and over the other line simul-
taneously. It is not possible, however, for any
station to receive from other stations while it is
sending. ‘

In the description of a half duplex concentra-
tion group, apparatus in the circuits for station
A and the east line will be designated by num-
bers only. - The letters B and W will be added
to corresponding ‘apparatus in the circuits for
station B and the west line respectively.

The manner in which a loop station transmits

to the other loop and to the two lines simul-

taneously: will first be described. It will be as-
sumed that loop station A transmits. To do this
the shunt 281, which short-circuits the transmit-
ting contacts at station A when the circuit is
idle; will be opened and the contacts of key 202
will be closed so that the transmitting key 202
may take control of the circuit.

The armature of relay 212 is held in engage-
ment with its left-hand or marking contact by
the effect of current flowing from battery 216
through resistance 217 and the top winding of
relay 212 to ground. MNo- current flows through
the bottom winding of relay 212 for this condi-
tion as will be explained below.

When the transmitting key 282 is closed, a cir-
cuit may be traced from ground through positive
battery 203, through resistance 284, through re-
gistance 205, through the bottom winding of re-
ley 296 through the tip and break contact of
jack 201, through the break contact and ring of
jack 208, through the variable resistance 228,
normal make contacts of call signal key 221,
through the winding of the sounder 209, through
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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 201, through the top
winding of relay 206, through the top winding of
polar relay 210, through inductance coil 21l ,
through the armature of relay 212, through re-
sistance 213, through negative battery 214 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 210 tends to actuate the arma-
ture of relay 210 to engage with its right-hand
or marking contact. It preponderates over the
effect of current flowing through the bottom
winding of relay 210, over a circuit from ground
through negative battery 214, through resistance
213, through the left-hand or marking contact
and armature of relay 212, through inductance
coil 21(, through the bottom winding of relay 210
and resistance 215 to ground, which current
tends to actuate the armature of relay 210 to
engage with its left-hand or spacing contact and
the armature of relay 249 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 Ioop is closed, the effect
in one winding is balanced by the effect in the
other winding and its armature remains in its
normal unoperated position as indicated.

When the armature of relay 218 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 218, through resistance 218,
through the bottom winding of relay 242, through
the right-hand or marking contact ‘and arma-
ture of relay 218, through test resistance 219,
through the top back contact and armature of
relay 228, to conductor 221, Conductor 221 may
be considered electrically as a point which con-
stitutes the hub 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
2168, over a path similar to that traced for sta-
tlon A, which passes ultimately through testing
resistance 219B to hub 221,

The manner in which oné 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. TIts
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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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 broper inverse
heutral 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 101 and 102 are polar relays in the
fransmitting 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 108, through resistance 1084, the
left-hand contact and armature of relay 121,
through inductance coil 105, the top winding of
polar relay (06, the armature and right-hand
contact .of relay {02 and through resistance- 157
back to ground. Apparatus corresponding to
coils 124, 125 and 126 together with the associ-
ated condenser 138 may be inserted, if desired,
in this path at the distant centra] 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 of-
fect of the current in the top winding in the
path traced above is to operate the armsature of
relay 106 into engagement with its right-hand
or marking contact. The operation of the circuit
through the bottom winding of relay 106, 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 106 is in engage-
ment with its right-hand or marking contact, a
circuit may be traced from ground through nega-
tive battery 108, through resistance 199, through
the right-hand or marking contact and armature
of relay 106, through resistances {18 and {1t and
through the top winding of polar relay 112 to
ground. The effect of this current is to actuate
the armature of relay {12 into engagement with
its right-hand or marking contact. No current
flows through the bottom winding of relay 112
for this condition as the circuit through the bot-
tom winding of relay 112, connects at one end to
the hub 221 of the concentration ‘group and at the
other end to negative battery. This circuit may
be traced from negative battery {15 through re-
sistances 16 and 111, through the bottom wind-
ings of polar relays 118 and {189, through the left-
hand armature and front contact of relay 13,
through the bottom winding of relay | 12, through
the right-hand front contact and armature of
relay 113, through the right-hand or marking
contact and armature of relay 112, through leg
conductor 129, through Fig. 2 into Fig. 3 to par-
allel branches. One branch continues through
the top armature and back contact of relay 301,
through test resistance 363 and the back contact
and armature of relay 3084 to the hub 22! of the
circuit. The other branch extends in muliiple
through the tips of the multiple jacks 318, 217,
318, ete., one of which is accessible af, each position
in the telegraph service board of this invention.

A biasing circuit for relays 118 and 119 may be
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traced from battery 1i5, through resistance 129
and the top windings of relays 118 and 19 to
ground.  The effect of this current tends to actu-
ate the armatures of relays (18 and (19 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
marking condition. v

The loop over which the distant office to the
east receives may be traced from ground, through

battery 121 to its positive terminal, through re- ;

sistance 122, through the left-hand or marking
contact and armature of relay {18, through the
bottom winding of inductance coils i24 and 125,

through the bottom winding of repeating coil
126, through the bottom.line conductor to the »

distant terminal, through the winding of the re-
ceiving relay 121, through the top line conductor,
through the top windings of the repeating coil
126, through the top windings of inductance coiis
{25 and 124, through the armature and right-
hand or marking contact of relay i 18 and resist-
ance {30 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 same magnitude as bat-
tery 118 in the east line through an identical
circuit to leg conductor 131, which corresponds to

conductor 120 of the east line, through the top. 3

outer armature and back contact of relay 30iW
and test resistance 303W, through the back con-
tact and armature of relay 304W to hub 221,

Thus each line and each loop leg connects
negative battery of the same 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 202

to send a spacing signal. This breaks the loop
circuit for station A, heretofore traced. The top
winding of relay 210 is deenergized. The arma-
ture of relay 210 is actuated, under the influence
of current through its bottom winding, to engage
with its left-hand or spacing contact which is
grounded. This disconnects negative battery 21§
from the leg which extends through resistance
219 into the hub 221 and connects ground through
resistance 219 to hub 221.

‘When ground is connected to the hub, a cir-
cuit may be traced from hub 221 through the up-
per armature and back contact of relay 220B,
through test resistance 2188, through the arma-
ture and right-hand or marking contact of relay
210B, through the bottom winding of relay 212B
and resistance 218B, to battery 216B. The effect
of this current flowing through the bottom wind-
ing of relay 2{2B preponderates over the effect of
current flowing through the top winding of relay

212B which has been holding the armature of .

relay 212B in engagement with its left-hand or

The manner in which this is |
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marking contact.and the armature of relay 212B
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 212B is actuated to engage
with - its rlght-hand armature, negative battery
is disconnected from one end of the loop and both
ends are terminated in pos1t1ve battery of the
same magnitude so that no current, fiows in the
loop. The sounder 209B at station B is deener-
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 2i9 to hub 221 and
3 circuit may be traced through the armature and
back contact of relay 304 through testing resist-
ance 303, through the top outer back contact and
afmature of relay 301, through leg conductor 124,
through Fig. 2 into Fig. 1, through the armature
and right-hand contact of relay 112, through the
right-hand armature and tront contact of relay
i18, through the bottom winding of relay 12,
through the left-hand front contact and arma-
ture of relay 113, through. the bottom windings of
relays i i9and 18, through resistances iiiand ! 1§
and battery 115 to ground. . The effect of current
flowing in the bottom windings of relays 119 and
118 for this condition is such that it tends to
actuate the armature of relay 19 to engage with
its right-hand contact and the armature of relay
118 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 19 is actuated to engage its right-
hand contact and the armature of relay 1i8 is
actuated to engage its left-hand contact.

When the armatures.of relays ii9 and {8 are
actuated as described in the foregoing paragraph,
the polarity of.-battery 12§ 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
of resistances 122 and 30 respectively. One con-
ductor. extends from each resistance to contacts
which are in engagement with the armatures of
relays 118 and 118 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 1i9 and
118 respond to a spacing signal, the polarity of
battery 12f connected to.the ends of the line
for the markmg condition is reversed, resulting
in a spacing signal being transmltted to the dis-
tant receiving relay 127.

The spacing signal orlgmatlng ab 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 210, whlch
receives from station A and transmits toward the
hub, is actuated so as to connect ground and
negative battery alternately to the hub 221, 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 101 and 102 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 186 is-in turn actuated.
As the armature of relay 106 is actuated between
positive and negative battery, relay 112 responds.
As the armature of relay {12 is actuated, negative
battery and ground are alternately connected to
hub 221 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-
mitted 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 duplex cohcentmt_ion
group

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 hag been shown
that relays {06 and 112 follow the signals to con-
nect ground and negative battery alternately to
hub 221. 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 212
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 cennecting leg. In
the case of the line which is receiving signals
from the distant office, if the armature of relay
112 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 120 and it will meet ground on the
left-hand or spacing contact of relay (12. As
soon as the armature of relay 112 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 19 and 118 and battery 115 will
be connected to the other end over the circuit
heretofore traced. Under this condition the ar-
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mature of relay 112 is maintained in engagement
with its right-hand contact, as the effect of the
current flowing through the bottom winding of
relay 112, tending to actuate the armature of
relay 112 toward the right, preponderates over
the effect of spacing signal current from relay
186 tending to actuate the armature of relay (12
toward the left. Relays 118 and 119 will be op-
erated when the armature of relay 112 is on its
right-hand contact, from ground connected to the
hub. With the armatures of relays 118 and {19
actuated to their spacing contacts, a permanent
spacing signal is transmitted toward the gistant
office to the east as a breaking signal.

If either loop station is transmitting, any line
or the other Icop 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 1985 to its left-hand
or spacing contact. This will operate relay ({2
to spacing when relay 218 next closes its right or
marking contact to remove ground from hub 22!,
This results in the connecticn of permanent
ground to hub 22{ from the left-hand contact
and armature of relay {12. A circuit may be
traced from the grounded hub 221, through the
armature and back contact of relay 229, through
resistance 219, to the armature of relay 218. If
the armature of relay 218 is again in engagement
with its left-hand or spacing contact, nothing
happens momentarily, When the armature of
relay 218 next engages its right-hand contact, the
circuit will be extended through the bottom wind-
ing of relay 212 and resistance 218 to battery 216.
This operates the armature of relay 212 so that
its armature engages its right-hand or spacing
contact. This disconnects negative battery 2i¢
from one end of the loop through station A and
connects both ends of the loop to positive battery
208. 'This results in a permanent spacing signal
being transmitted over the loop which is received
by sounder 289 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 sirnultane-
ously from the hub through ali of the other
repeaters connected into the hub, and further, a
permanent spacing sighal transmitied from any
repeater while another repeater in the concen-
tration group is transmitting toward the hub,
will result in the loss of control, by the station
which is transmitting, of the relay in the repeater
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 bermanent spacing
breaking signal will be transmitted to the station
which was transmitting.

Circuit for permitting station connected into a
half duplex 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. Various 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 statlon 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
206 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 flows through either winding of relay 266.
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
maghnitude 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 289, make
contact and armature of key 282, through the tip
and break contact of jack 208, the break contact
and ring of jack 207, the top winding of relay 206,
the top winding of relay 210, inductance coil 211,
the armature and left-hand contact of relay 212,
resistance 213 and battery 214 to ground, operat-
ing relay 206. With relay 206 operated, a circuit
may be traced from ground through the armature
and front contact of relay 206, the bottom 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 308,
through the winding of relay 301 to battery, oper-
ating relay 307 which locks from its bottom con-
tacts under control of relay 308. The operation
of relay 387 connects battery through the top
armature and front contact of relay 301 through
the filament of lamps 388 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 368, 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 208.

In response to the lighting of the lamps 308
or 308, the service board attendant administering
the concentration group may connect an attend-
ant’s telegraph transmitting and receiving set
circuit operating on the inverse neutral prin-
ciple to. jack 310 or jack 3il. 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 386 over an obvious
path. 'The operation of relay 306 breaks the
operating path heretofore traced for the opera-
tion of relay 3807 and relay 307 releases, extin-
guishing the lamps. The hub of the concen-
tration group, conductor 221, is connected in
maultiple to the tip of jacks 3i0 and 311 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
311, it is possible for the attendant to transmit
and receive signals to and from the various
stations and lines comprising the concentration
group.or to monitor on all signals transmitted
through hulby 22i.

The rings of jacks 310 and 311 are connected
in multiple to the common calling-in or signal
hub conductor 222. This is to provide g 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 310 or 3ii 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
3i0 and 311. This ground operates a relay in
the attendant’s cord circuit connected to either
jack .to ligsht a supervisory lamp as an indica-

» tion that a station is recalling.

Connectling supervisor circuit and other circuits
to concentration group

Jacks 310 and 311 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 3f0 and 3i{i.
Also, jacks 310 and 311 may be used with suitable
connecting circuits for the measurement of bias
or distortion. -

Releasing a line from_a half duplex concentira-
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-
in 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 additiona] 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 g control plug, such
as plug 81%, having iis ring and sleeve conduc-
tors interconnected, is inserted into a cooperat-
ing jack, such as release control jack 3i3. This
connecis the ring and sleeve of jack 313. A cir-
cuit may then be traced from ground, through
the middle winding of relay 3i5, to the sleeve
of jack 813, through the sleeve of plug 32 to
the ring of plug 3i2, through the ring of jack 313
and the top winding of relay 3i5, tiwough bat-
tery 314 back to ground, operating relay. 3{5.
The operation of relay $i5 connects ground
through its upper armature and front contact
and the winding of relay 380f to batiery, oper-
ating relay 38i. The operation of relay 3¢l
breaks the connection between the leg conductor
120 and the hub 221 as previously traced, thus
disconnecting . the east. line from the concentra-
tion group. The operation of relay 384 also
breaks the connection which extends from bat-
tery through the winding of relay (13 in Fig. 1,
and conductor !{4, into Fig. 3, through the bot-
tom middle armature and back contact of relay
301 and the top back contact and armature oi
relay 302 to ground, thus disconnecting ground
formerly furnished through the top armature
and back contact of relay 302. Relay 1i3 re-
leases. This places the inverse neutral repeater
in the east line in its normal condition which is
thie full duplex condition.

It has been explained that the circuit per Flg
1 may function either full duplex or half duplex
dependent 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 113, Now that it has been
released, the repeater is restored to its normal
tuil 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 it3 will remain unoperated. .If the new
concentration group operates half duplex, relay
i3 will be again operated.

To return to the operation of relay 80f, 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
302, through the top inner front contact and
armature of relay 301, through conductor 132,
through the left-hand back contact and arma-
ture of relay 118, which is now released, through
the bottom windings of relays 1i9 and 118,
through resistances, 117 and 115 and negative
battery 115 back to ground. This operates re-
lays 119 and (18, reversing the polarity of bat-
tery 121 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 301, also, by the trans-
fer of its bottom innermost armature from its
back to its front contact, disconnects ground
from the sleeves of the multiple jacks 316, 317
and 3{8 and ccnnects the sleeves of these jacks
to battery through the windings of relays 382
znd 318, The object of the connection of greund
to the sleave while the line is connected into a
cencentration group was to permit monitoring on
the circnit through a multiple jack. The plug of
a monitoring circuit may 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 cireuit 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 381 performs one other
switching operation. It extends a circuit, which
may be traced from ground, through the filament
of lamps 321, 327 and %23 in parallel, through
the bottom outermost front contact and arma-
ture of relay 28!, through the bottom back con-
tact and armature of relay 362 and through con-
ductor 328 to a front contact of relay 481 in Pig.
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 connected into concentration jacks at
a particular attendant’s position or not, is ex-
tended through a group of multiple jacks
throughcut 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 burnmg 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 309 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 te 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 1s one such key at each position in
the line-up. Keys at other positions are indi-
cated by keys 403 and 484. 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 bottom front -con-
tact and armature of relay 405, through the
winding of relay 485 and resistance 887 through
battery to ground. Relay 488 will operate and
lock up through its top middle front contact and
armature to ground. The operation of relay 808
will connect ground through its bottom inner
front contact and armature and the winding of
relay 834 to battery, cperating relay 401i. The
operation of Telay &8f will connect battery
through its various contacts in parallel to & num-
ber of conductors extending to various leg mul-
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 40f, through conductor 329,
through the bottom armature and back contact
of relay 202, through the bottom outermost ar-
mature and front contact of relay 38! and
through the filaments of lamps 324, 822 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
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available for use will have their associated idle ‘

indicating lamps lighted as the path to the lamps
in the case of circuits which are not idle will not
be closed.

The lamps indieating that a circuit is avail-
able for use remain lighted for a short interval
only, while a selection .of one of themis being
made and then the lamps are extinguished
through the operation of the idle indicator con-
trol circuit. The manner in which this is per-
formed will now be explained.

When relay 408 is operated g circuit may be
traced from plate battery 828 through resistance
409 and conductor 818, through resistances 414
and 412 in parallel, through the botitom arma-
ture and front contact of rvelay 48§, through the
filament of vacuum tube 443 and resistance 444
to ground, lighting the filament. After a mo-
mentary interval key 492 is released, in turn re-
leasing relay 4085. This removes ground which
has been connected through the front contact
and top armature of relay 485 to the upper ter-
minal of condenser £15 and condenser 445 is
charged over s path from battery 488 through
resistance 489, through resistance €{§ and the
top innermost armature and front contact of
relay 408 to the upper terminal of ecndenser 41§,
the bottom terminal of which is grounded. When
the top plate of condenser &i5 and the grid of
tube 413, connected in parallel with the top plate
of the condenser, have assumed a proper positive
potential with respect to the cathode of tube
413, current will flow throuvgh the plate circuit
of the tube from positive battery 488, through
resistance 488, through the winding of relay 417
to the plate of tube 413, from the plate to the
filament of tube 4i% and through zesistance 414
to ground, coperating relay #{7. The magnitude
of resistance 418 and the capacity of condenser
415 establish the interval necessary to charge
condenser 413 to the proper pesitive potential
and the interval has been established for ure
with the idle indicating lamps of the inverse neu-
tral circuits at approximately six seconds.

When relay 817 is operated, ground is connect~
ed to the Jeft-hand terminal! of resistance 407.
This short-civeuits the path threugh the winding
of relay 888 to ground, releasing relay £086. The
release of relay 408 breaks the path heretofore
traced through the filament of tube §i{2.. The
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release of relay 466 also disconnects battery 483
from the top terminal of condenser 4%, The bat-
tery connection of the condenser will be replaced
by direct ground through the top outermost ar-
mature and back contact of relay 485 which will
discharge condenser 415, When the filament of
tube 413 is extinguished current will no longer
flow through the tube and relay &{7 will be re-
leased. The idle indicator ccntrol cireuit . is
thus returned to normal.

If at any time a key such as 483 is operated
momentarily, in turn operating relay 483 before
the timing circuit has been permitted to com-
plete its cycle, condenser 415 will be discharged
from ground connected to the top front contact
and armature of relay 485 and the entire timing
cycle will be repeated.

Replacing o line forming part of a half duplex
concentration group with a line which has been
released from a different conceniration 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 conceniration 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 bpatching
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 beard 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 328 will therefore be inserted into jack
216W when lamp 32!W lights, indicating that
the line is idle. Plug 225 will be inserted into jack
213. A circuit may then be traced from battery
through the windings of relays 3{8W and 302W
in series, through the bottom innnermost front
contact and armature of relay 381W, relay 38{W
being operated while a line is released, through
the sleeve of jack 3{8W, through the sleeve of
plug 324, sleeve of plug 325, sleeve of jack 3i3
and the low resistance middle winding of relay
215 to ground. Relays 319W and 3$9ZW operate
in series with the low resistance middle winding
of relay 315. Relay 3!5 operates. The opera-
tion of relay 215 in turn operates relay 80{. The
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operation of relay 301 breaks the leg path from
the east line repeater into the hub 221 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 316W, tip of plug 324, tip
and break contact of jack 326, tip of plug 325,
tip of jack 313, test resistance 383, break contact
and armature of relay 384 into hub 221 to incor-
porate the line west into the concentration group.

It was pointed out that relays 319W and 302W
operated in the west line which has replaced the
east line in the concentration group. The op-
‘eration of relay 319W connects ground to con-
ductor [14W which extends into the winding of
a relay in the west inverse neutral repeater cor-
responding to relay 143, which conditions the
west repeater to function half duplex in the same
manner as described for the east repeater. Re-
lay 302W in operating in the new leg multiple cir-
cuit for the new line opens the idie indicating
circuit for the west line as the west line has now
been appropriated and disconnects ground frem
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 362W also locks relay
3I5W from ground through its top armature
and front contact to hold relay 315W 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
313W, namely at the particular position where
the concentration group with which the west line
is assumed to be normally associated is admin-
istered, The removal of the releasing plug would
release relay 315W and reconnect the west line
into the concentraion group with which it is
normally associated. This is prevented by the
locking of relay 3i5W 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 i3 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 duplex
concentration group with o 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
bosition, 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
bart 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
bermanently 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
30fW is closed through its respective front con-
tact instead of through its back contact as
shown for the normal unoperated condition of
relay 300W 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 321W is lighted indicat-
ing that the line is available. The plug 324 is
inserted into jack 316W and plug 325 is inserted

-into jack 313.

As a result of this operation the tip of the
spare line iIs 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 3i5 in
the replaced east line. Relays 319W, 302W and
315 are operated in series. Relay 319W 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 315W ags 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
315 releases the replaced line from the concen-
tration group.

Adding a released line to a half duplex
conceniration 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 Iine instead of replacing the east line.

It should be remembered that g plug such as
312 is inserted into a jack such as 313W in the
attendant’s position, where it ig assumed that
the west line is hormally associated into another
concentration group. This operates relay 315w
in turn operating relay 301W 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 3 part, the at-
tendant inserts plug 324 into line multiple jack
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316W when lamp 321W lights. Plug 328 s inserted
‘into jack 321.

As a Tesult of this operation the tip of the west

line is connected through the tip of jack 316W,
tip of plug 324, tip and break contact of jack
326, tip of plug 325 and tip of jack 327 to hub 221.
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 batiery
through the winding of relay 319W, winding of
relay 362W, bottom innermost front contact and
armature of relay 501W, relay 38IW being op-
erated when the west line is released in a man-

ner heretofore described, through the sleeve ot j

jack 316W, sleeve of plugs 224 and 325 and sleeve
of jack 327 to direct ground. This operates re-
lays 349W and 382W which conditions the -west
line for half duplex operation, disconnects the

jdle indicator lamp circuit and provides ground

to hold relay 3t5W operated in the same manner
as heretofore described. )

Tt should be observed that in the operation ol
adding a line, a different jack in the line con-
centration jack circuit normally forming part ot
a -concentration group 1is used than the jack
which is used for releasing a line or fer replac-
ing a line forming partof a concentration group
with a released line or a spare line. All of thest
latter operations involve & releasing operation,

which must be performed by connection to a -

jack such as 213 which controls the operation
of the releasing relay such as 3{5. When 4 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 o spare line to a half duplex
conceniration group

A spare line may be added to & 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 retay 321W is hlocked operated.

The attendant, -at the position where the -con-
centration group to which the spave line is to
be added is administered, operates the idle indi-
cator control circuit and, when all of the lamps
assceiated with idle lines light, selects the spare
west line
tration group of which the east lineforms a part.

Plug 324 is inserted into jack 316W and plug
325 is inserted into jack 227 of the east line.
The tip of the west line is .connected. into the hub
over a circuit heretofore traced. Relays 319W
and 302W operate in the same manner and per-
form the same functions as described above.
The west line thus becomes a part of the conesn-
tration group with which the east line is nor-
mally associated.

Supeivision in half duplex 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 serv-
ice board provides for observing ‘that the per-
manent spacing condition on the line has been
removed before a spare or released line is.con-
nected into 2 concentration group. Tt will be
assumed that the east line is a spare
idle condition and that a permanent spacing
condition is imposed on it at the distant ter-
minal.

In :such cases,
lights in response to

when an idle jndicating lamp
the operation of a key such

for addition to the particular comcen- ;

line in the 7T
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as 402 by an attendant who is seeking an avail-
able line to a particular distant city, a pateh is
1ot made immediately o :a concentration group.
Instead the attendant inserts the plug 501 of a
telegraph cord cireuit, indicated as Fig. 54, into
jack §02 of the splitting circuit of Fig. 5. The
telegraph cord circuit per Fig. 5A is not shewn
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 316
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 218, tip of plug 824, tip and break con-
tacts of jack %26, tip of plug 325, tip of jack
503, tip of jack 592, tip of plug 581 and into the
telegraph cord circuit, where it passes ultimately
through the winding of a telegraph receiving
relay such as 587, to negative battery. At the
same time ground is connected through ‘the
sleeve of jack 5083, sleeve of plug 325, sleeve of
plug 324, sleeve of jack 316, through the bottom
innermost contact of relay 301 which is operated,
and the windings of relays 392 and {9 to bat-
tery. Relays 3(9:and 302 operate from the direct
ground on the sleeve of jack 503. This operation
of relay 262 removes ground from the path here-
tofore traced through the windings of relays 119
and 118 to negative battery (15, This results
in the removal .of the permanent spacing signal
which was being ‘transmitted to the distant ter-
minal over the east line-and a change of relays
148 ang@ 118 to marking. The operation of relay
318 operates relay {13 which changes the line
repeater from the full duplex to the half dquplex
condition.

When the marking signal is received at the
distant terminal, the attendant thereat may re-
spond in such manner that the permanent spac-
ing condition imposed -at the distant office on
relays 181 and 482 is removed and changed to
marking. As a result of this, relays 108 and 112

- are in turn changed to the marking condition.

When ground is removed from the armature of
relay 142, the permanent spacing signal is re-
moved from conducter 120 and the tip circuit
heretofore traced into the telegraph cord circuit.
When the receiving relay §07 connected to the
tip -circuit responds. to the marking signal, the
attendant knows that the east line may be con-
nected -inte the concentration group, or he may
communicate with the distant attendant and co-
operate in making any tests necessary to assure
nroper transmission of the line and associated
reneaters. ‘The attendant thersupon disconnects
rlug 325 from jack 583 and connects it instead
into a-jack in @ line circuit of the concentration
group such as jack 3{3W or 32TW depending
upan whether the line is to replace an existing
line in 2 concentration group or be added to a
concentration group.

Releasing « stetion circuit fjrom a half duplex
concentration group

Station loops normally connected to a concen-~
tration group may 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 312 having its ring and
sleeve conductors interconnected is inserted in a
jack such as 224.

A circuib 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 212, ring of
plug 312, ring of jack 224 and boitom 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
221 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 o station circuit to a half duplex concen-
tration

After a loop has been disconnected from g
Concentration group it may be added to g dif-
ferent concentration group by inserting the plug
824 'into a jack such as 225 and the plug 325
into a line jack such as 2327. 'Thig 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 221 of the
concentration group. It also extends . the loop
Tepeater calling-in conductor through the ring
of jack 2285, ring of plug 324, make contact of key
338, which is operated for this purpose, ring of
plug 325, ring of jack 327 into the common call-
ing-in conductor or signaj hub 222.

While a station loop repeater is released, con-
hection 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
signal

When a station loop repeater is released, it
may be arranged to transmit a permanent spac-
ing or “goed 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
bermanent 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 327.

A circuit is established under the above condi-
tion which may be traced from ground through
the sleeve of jack 327, sleeve of blug 328, tip of
plug 328, tiv of jack 327, into the hub conductor
221. 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 circeuit, 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” on a leg
in a half duplex concentration group

Jacks 223, 223B, 329, 329W and 325 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 3 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 219 and 219B in Fig. 2 and 383, 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 g ring conductor of
the corresponding jack. These resistances are
connected in series in the leg lead in each in-
stance. When signals are being received from a
leg, a potential drop in a particular direction oc-
curs in its associated resistance. When sighals
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 g 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 g concentration group. If
a linear loop is in trouble, so that it is causing
random false spacing sighals 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, 304, 304W, and 334 each have
a winding connected between ground and the
sleeve of an associated jack.  These relays are
arranged sc 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 eircuit is connected to any one of
the jacks for the burpose 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 barticular direction, the re-
sistance must remain in circuit and the test re-
lay remains unoperated.

Jacks 223, 223B, 329, 329V 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 Eroup. An invérse neutral re-
beater 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
8Toup 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.

If it is desired to split the leg of g loop or a.
line off from g concentration for testing it sep-
arately, connection is made to jacks such ag 223,
32%3 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
“grop side.” The legs appear in ieg multiple cir-
cuits as praviously 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 eircuit
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 ecircuit it connects to the
other of the two hubs.

Thus, there is an jindividual 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 hub and
the concentraticn group for the west-to-east hub
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
idle indicater lamps and control circuit are ar-
ranged in the samme manner as described above
for a half duplex concentration group.

Refer now 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 statien 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.

Tt was shown in the description above that the
east line in Fig. 1 was convertible from & full
duplex to & 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-
Jeased and the line repeater was conditioned to
function as a full duplex repeater. In such case
{wo 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 113 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-
mally connected into a full duplex concentration
group. Under such & condition relay 113 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 ef 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
legr conductor 28. Conductor 20 connects
through conductors 620 and 128, through the:top
outer armature and back contact. of relay 101,
through test resistance 792, and the back contact
and armature of relay 763 to hub 764 which is
the east-to-west hub.

The send leg, by means. of which signals are
transmitted to. the distant west terminal, is con-
neeted to the same hub, so that the east termi-
nal may transmit to the west terminal. The cir-
cuit may be traced from hub 164, through the ar-

“mature and back contact of relay 133, resistance

186, through the top inner back contact and ar-
mature of retay 181, through conductors 138; 636
and 136 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 {13 (which remains
released), through the bottom windings of relays
such as (19 and 18 in series, through resistances
such as {17 and (8 in series to negative battery
such as fi5. Thus signals impressed on relays
{64 sand 1982 at the east terminal pass through
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hub 788 to a receiving relay such as 121 at the
west terminal,

In a similar manner, signals impressed on re-

lays such as {81 and 162 at the west terminal con-
nect negative battery and ground for marking
and spacing through the contacts of a relay such
as 112 in the west repeater. These signals are im=-
pressed through conductors 131, 821 and 7131,
through the top outer armature and back con-
tact of relay 787, through resistance 7188 to hub
785, which is the west-to-east hub, From hub
185 a path may be traced through the armature
and back centact of relay 738, resistance 119, top
inner back contact and armature of relay 701,
conductors 732, 632 and (32, left-hand back con-
tact and armature of relay {13, bottom windings
of relays (i§ and 1i8, resistances i1 and 16
to negative battery {15. This results, as has been
previously shown, in the reception of signals by
receiving relay {27 at the east terminal.
-+ One loop from the Iocal 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 195. :

‘In the station circuit shown in Fig. 6 there is
& telegraph key and a sounder in each lIoop. 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 them
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 lcops
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 connecteg relay, such as
205 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, .

Aftention was called above to the fact that
the connections for full duplex service are wide-
1y variable dependent on the trafiic 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-
beaters from the various distant terminals could
be connected into a common hub and extended
through a separate loop to the receiving instry-
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 starteq to transmit simultané-
ously, the local station could signal over its broad-
cast transmitter that the station receiver was
busy. ;

Releasing a line from a full duplex concentmiz’on
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. o

To exemplify this cperation 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 312, is
inserted in jack .7f{. Thigs establishes a circuit
from ground, through the sleeve of jack Tif;
sleeve of plug 312, ring of plug 312, ring of jack
Tl and top winding of relay 12 to battery, op-
erating relay 112, The operation of relay 712
in turn operates relay 701 over an obvious cir-
cuit, to break the connections of the send and
receive legs of the east line from hubs 105 and
124 at the top inner armature and back contact
and top outer armature and back contact, re-
spectively, of relay 701.

The west line may be released by a similar op-
eration performed in s corresponding jack in
the west line.

Replacing a line forming part of a full duplex
conceniration group with a line which. has been
released from a different concentration group

In order to substitute a released line for a line
normally forming part of a full duplex concen-
tration group, it is first necessary to find a re-
leased idle lineé ‘to the desired distant terminal
which is available to serve ag 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
Wwhich- the east line is normally associated is ad-
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ministered. A rimg sleeve short circuiting plug
would have been inserted in jack Ti{ at that
position. Relays 7i{2 and T0f 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 343 to close the
ring circuit of the patching cord and then in-
serts plug 324 into jack 718 when lamp T8 lights
and inserts plug 825 into jack Ti17T in the west line.

A circuit may then be traced from battery
through the windings of relays TI8 and T49 in
series, the Pottom innermost front contact and
armature of relay 191, sleeve of jack 115, sleeves
of piugs 324 and 325 in series, sleeve of jack
111, and the bottom and middle windings of
relay 12t to ground, operating relays 7{9 and
724. The bottom winding of relay 121 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 718 cannot operate for the full duplex con~
dition. This prevents the operation of relay 113
in the line repeater and maintains the line re-
peater in the full duplex condition. Relay 707
follows the operation of relay 72i. Relay 707
disconnects the old west line from the concen-
tration group. Relay 1{9 disconnects the. idle
indicator control circuit to prevent lamps such
as 116 from lighting during the interval while
the east line is serving in a concentration group.
Relay 719, 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 719 connects
ground to the top winding of relay 712 to main-
tain relay 712 operated. This prevents the re-
lease of relay 712 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 715, plug
324, plug 325 and jack 117 in series extend the
sending and receiving legs of the east line through
test resistances 788 and 788 into hubs. 704 and
105, 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 lihe 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 duplex
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 line 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 781 or 167 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 716 is lighted, key 343 is oper-
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ated, plug 324 is inserted in jack Ti5 and plug 75

15
295 is inserted in jack 7171. Relays 121 and 707
in the old leg multiple circuit operate to cut the
old line off from the concentration group. Re-
lay 718 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 7{8 also connects ground to
the lower terminal of the top winding of relay
712, 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 142 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 11§ for a line nor-
mally forming part of a concentration group.

The tip and ring circuits of the spare line join
the two hubs of the concentration group in the
same manner as for a released line.

Relay 7{8 does not operate due to the high
resistance of the bottom winding of relay 121 for
a line normalily 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 712 and 721 in
Fig, 7 or 8i5 and 3{5W in Fig. 3, is of high re-
sistance. The bottom winding of these relays is
used when the leg rmultiple 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-
sted 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 means of relay
windings having resistances of different magni-
tudes connected to the sleeves of the release con-
trol jacks, such as T{7 and 313, 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 duplex
concentration group

In order to add a released line to a full duplex
concentration group, the multiple jack such as
715 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 722. 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 122 or
124, 'The connection of the tip and ring circuits
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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 hub as required.

Adding a spare line to a jull duplex
concentration group

The operation of adding a spare line to a full
duplex concentration group is the same as de-
scribed in thz 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 duplex
concentration group

A station lecop 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
60i or 662, 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 ecircuit 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 hub. 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
333 is positioned so as to leave the ring cireuit
opened. ’

Observing hits and testing in jull duplex
concentration groups

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
known is connected to jacks such as 605, 666, 726,
121, 128 or 124. The condition on the sleeve of
the connecting trouble indicator cord circuit is
such that the associated test relays 607, 608, 709,
703, 733 and 730 are prevented from operating
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 ;

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-
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.

Supervision in full duplex patehing 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-
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.

e
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When a lighted idle indieator 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 584 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 501 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 564 and connecting it to a line jack
such as {7 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-
brises (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 may be 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, t0 ex-
pedite the formation and changing of networks
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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 repedter 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 inverse neutral repeater perma-
nently connected in each of said channels, means
at said office for interconnecting certain of said
channels into an inverse neufral 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 & telegraph system, a telegraph office, a
plurality of telegraph channels extending into
said office, an inverse 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 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 inverse neutral repeater, all connected
inte a hub, an individual telegraph channel sepa-
rate from ssid 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 chanuels each eguipped 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 from
said concentration group.

8. In a telegraph system, 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 responsive 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 hubs at in-
dividual positicns in said switchboard, a group
of independent telegraph channels separate from
said concentration 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, means 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 positicns 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.” S :

11. A system in accordance with claim 10, and
means in said system responsiveto the connection
of said separate channel to said network for dis-
connecting a particular channel from said net-
work. i PR -

12. In a telegraph system, & group of telegraph
channels each permanently equipped individually
with a telegrarph 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 adjustments
in said repeaters to accommodate said changes.

13. In g 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 means.

14. In a telegraph system, the method of oper-
ation of hub type repeaters to provide full duplex
operaticn between a group of stations which com-
prises the formation of two separate hub cencen-
trations, interconnecting each of the stations cf
said group individually to each of gaid concen-
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 hub.

15. In a hub type repeater telegraph system,
a first telegraph terminal, a second telegraph
terminal, a plurality of hub type telegraph re-
peaters interconnected to form two separate indi-
vidual hub concentrations connecting said termi-
nals and means in said concentration for provid-
ing simultanecusly two-way telegraph operation
between said terminals.

16. A system in accordance with claim 15, a
local telegraph station, and separate telegraph
channels connecting said station and 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
seeond 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 répeater to said second
group for preventing the reconnection of said’
released repeater to said first group.
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