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This invention relates to telephone systems and more 
particularly to subscriber line concentrating systems. 

Each subscriber substation normally requires a pair of 
wires to connect it with the central office. For a sub 
station which is located at a considerable distance from 
the central office, the cost of these wires is substantial. 
In fact, in the present day telephone plant a large portion 
of the cost of installation and operation is that of the 
wire used in the subscriber loops between the substations 
and the central office. The utilization of line concentrat 
ing systems is attractive where the outside plant costs are 
high and the distances between groups of substations and 
the central office are large while the number of substations 
and the amount of local interconnecting traffic among the 
substations is not adequate to justify their connection to a 
separate community dial office. 
A line concentrating system is a means for reducing 

the outside plant serving a central office, and at the same 
time dispersing the central office Switching equipment. 
The first switching equipment, to which dial lines are 
connected, is effectively moved to a location remote from 
the central office. The remotely located equipment is a 
slave unit which is controlled by the central office to 
concentrate the traffic from the subscriber lines to the 
central office. 
As the central office is not directly in information com 

munication with the subscriber lines due to the inter 
position of the remote line concentrator, it is generally 
necessary in such systems to provide a number of con 
trol leads to effect test and control functions. In order 
to obtain the greatest saving in the telephone plant it is 
desirable to have a high ratio between the subscriber 
lines and trunks connected to a remote line concentrator 
while keeping the number of control leads required to pass 
information signals to and from the concentrator to a 
minimum. - 

It is a general object of this invention to provide an 
improved communication system in which a large number 
of subscriber lines may be individually connected to a 
central office by a smaller number of common trunks 
whereby considerable saving is attained. 
Another object of the present invention is to provide 

a line concentrator system which effects economies in cen 
tral office equipment and in the wiring connecting cen 
tral offices with subscribers' stations. 
An illustrative embodiment of the present invention 

makes use of common control equipment found in cross 
bar systems such as described in the Patent 2,585,904 
which was granted to A. J. Busch on February 19, 1952. 
Such common control telephone systems utilize two basic 
types of switching frames which are designated line link 
frames and trunk link frames. The line link frames and 
the trunk link frames are interconnected by a network 
of junctors. Subscriber lines are associated with the line 
link frames and all types of outgoing and incoming trunks, 
as well as originating registers for supplying dial tone and 
storing dialed numbers, are associated with the trunklink 
frames. Through this system of line and trunk link 
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2 
frames traffic flows in two directions: originating calls 
from a subscriber line appearance on a line link frame to 
a trunk appearance on a trunk link frame; and termi 
nating calls from a trunk appearance on a trunk link frame 
to a line appearance on a line link frame. The line link 
frames are, therefore, bilateral, handling both originating 
and terminating calls. By remotely locating the first 
Switching stage, a relatively small amount of equipment 
is remotely located because each subscriber line has 
only a single appearance in the switching equipment. 
The remotely located first switching stage is part of the 

slave unit which is referred to as a line concentrator. In 
the illustrative embodiment of the present invention a 
number of line concentrators provide for connections be 
tween a large plurality of subscriber lines and a small 
plurality of talking trunks extending from the central 
office. The condition of each of the subscriber lines is 
cyclically detected and supplied to the central office by 
means of a scanning System of the type described in the 
copending applications of Almquist-Joel-Posin, Serial No. 
555,916, and Abbott-Joel, Serial No. 555,947, both filed 
on even date herewith. Each concentrator includes, a 
passive line scanner which is synchronously and cyclically 
driven by a central office pulse generator. The control 
or scanning pulses from the generator are supplied in 
parallel through concentrator control, or detector circuits 
and over sets of three control pairs to the line concen 
trators. Each set of control pairs and each concentrator 
detector circuit is individually associated with one of the 
concentrators. The control pairs connect the line con 
centrators with the central office. and are utilized in de 
termining the line conditions, in setting up a call and in 
supplying power to the concentrators. A feature of the 
present invention pertains to means for providing all 
the power required at the concentrators over the sets 
of control pairs on a phantom basis from the central 
office. ???  ? ? ? ? ? ???? 

The subscriber lines at each concentrator are con 
nectable to the trunks on a random slip basis. The 
random slip trunking system is of the type described in 
the copending application Serial No. 555,929 of Brooks 
Joel-Krom, filed on even date herewith. In such a sys 
tem, each line is connectable to only some of the trunks 
that connect the associated concentrator with the central 
office and the trunk multiples are different for different 
lines on a random basis. 

Each line is connected to a trunk multiple by means 
of a number of crosspoints; one for each trunk in the 
multiple. A feature of the present invention relates to 
means for providing over the control pairs to the central 
office an indication of the operation of a crosspoint. The 
pulses that are supplied from the central office to operate 
a crosspoint are converted, upon its operation, to pulses 
indicating crosspoint closure and the latter pulses are 
returned to the central office. 
In order for a crosspoint to be operated, it is marked 

on both its line and trunk terminals. A marker, which 
controls the establishment of the talking connections, 
initiates the two sequences of operations for marking the 
line and trunk terminals of a crosspoint, an outpulsing 
operation which selects and marks the line terminal, and a 
concurrent trunk selecting operation which selects and 
marks the trunk terminal. It is another feature of this 
invention that the crosspoints are marked in this manner 
for both terminating and originating calls. Once the 
marker has seized the line link frame, the calls are handled 
in a similar manner for both types of calls. 
The line scanner that is utilized to cyclically determine 

the service condition of the subscriber lines is also utilized 
as an accumulator during the outpulsing sequence of op 
eration. The line scanner controls the selection of thc 
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line side of the crosspoint. A further feature of this in 
vention relates to this dual function of the line Scanner. 
A further feature of the present invention pertains to 

means for delaying the completion of the outpulsing op 
eration for a terminating call to check if the subscriber 
line is busy. The same pulses that are utilized to select 
the line terminal are also used to make the line busy check. 

After the dialing connection has been established for 
an originating call, and dialing has been completed, the 
marker initiates a call-back call for establishing a talk 
ing connection from the calling line through a concen 
trator trunk and the line link and trunk link frames to 
an outgoing trunk. On a call-back call the same con 
centrator trunk which was utilized for the dialing connec 
tion is selected. The same trunk is utilized because the 
concentrator crosspoint is locked during the establishment 
of the dialing connection to avoid increasing the marker 
holding time during the call-back call. The means, there 
fore, for establishing the line-to-outgoing trunk connec 
tion through the same concentrator trunk for a call-back 
callis another important feature of this invention. 
The marker holding time for establishing the connec 

tions for an originating or terminating call should be kept 
to a minimum. In the crossbar system described in the 
above-identified patent to Busch, for example, marker 
holding time is valued at approximately sixty dollars per 
millisecond per marker. Concentrating systems, due to 
the necessity for passing information signals to and from 
the concentrator, tend to increase the marker holding 
time for establishing a connection and thereby tend to re 
quire additional markers in the marker group. 

It is an object of the present invention to provide a 
common control line concentrating telephone system 
which does not materially increase the marker holding 
time. In order to avoid materially increasing marker 
holding time, the outpulsing speed is at a greater rate than 
the normal scanning speed. A feature of the present in- . 
vention relates to means for quickly selecting and mark 
ing the concentrator crosspoint. 
A further feature of the present invention pertains to 

means for establishing a call-back connection without 
interrupting the normal scanning cycle. During the 
establishing of a dialing connection, scanning is resumed 
when the concentrator crosspoint is closed. As the con 
centrator trunk remains locked to the calling line for a 
call-back call, an outpulsing operation for selecting the 
terminal of the crosspoint is unnecessary and the scanning 
cycle need not be interrupted. Further increase of 
marker holding time, is, therefore, avoided. 
The concentrator trunks are connected at the central 

office to an auxiliary switch. The auxiliary switch is, 
therefore, located between the first switching stage at the 
concentrator and the secondary of the line link frame to 
become effectively the primary of the line link frame. 
Utilizing an auxiliary switch permits locking the dialing 
connection trunk to the calling line. When an idle path 
through the trunk link frame and secondary of the line 
link frame is selected by the marker for the call-back call, 
the auxiliary switch functions to extend it to the locked 
dialing connection trunk. The auxiliary switch also per 
mits the random slip trunk multipling. Without the auxil 
iary switch, any of the trunks could be selected by the 
marker for any line. Still another feature of this inven 
tion relates, therefore, to auxiliary, switching means for 
establishing connections to the concentrator trunks. 

Still another feature of this invention relates to means. 
for delaying the disconnect signal to the concentrator 
crosspoints when a call is being served. The identity of 
the trunk to be disconnected is retained until the delaying 
call is served. 

Still another feature relates to means at the central 
office for denying service for any of the subscriber lines, 
without disturbing the normal scanning of the other sub 
scriberlines. 

Further objects and features will become apparent upon 
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4 
consideration of the following description taken in con 
junction with the drawings wherein: 

Fig. 1 is a functional diagram, or general circuit rep 
resentation, of the line concentrating System of the 
present invention; 

Figs. 2 through 26, when arranged in accordance with 
Fig. 27, are a detailed circuit representation of the line 
concentrating system of the present invention wherein 

Figs. 2 through 6 illustrate a remote line concentrator; 
Figs. 8 and 13 illustrate the scanner pulse generator 

at the central office; 
Fig. 9 illustrates the check circuit and traffic recorder 

at the central office; 
Fig. 10 illustrates the line link frame at the central 

office; 
Figs. 11, 12 and 16 illustrate the relay control and 

selector circuit which is associated with the line link 
frame at the central office; 

Figs. 14 and 15 illustrate the line, line link and con 
nector circuit at the central office; 

Figs. 17, 18 and 21 illustrate the line concentrator 
control circuit at the central office; 

Figs. 19, 20, 23 and 24 illustrate the line selection and 
test circuit at the central office; and 

Figs. 22, 25 and 26 illustrate the concentrator origi 
nating call register at the central office; 

Fig. 27 illustrates the arrangement of Figs. 2 through 
26; 

Fig. 28 is a series of pulse time curves illustrating the 
scanning sequence of the line concentrating system of the 
present invention; 

Fig. 29 is a table illustrating the connections from re 
sistors 16E-H and the windings of relays 16TS0-5 to 
contacts of relays 14VG0-11; 

Fig. 30 is a table illustrating the slip multiple and 
trunk preference; and 

Fig. 31 is a table illustrating the connections from con 
tacts of relays 14VG 0-11. 

GENERAL DESCRIPTION 

Referring to Fig. 1, the equipment which is shown to 
the right of the dash-dot heavy line 99 is common con 
trol equipment of the type described in the above men 
tioned Busch patent. 

Each box, or functional circuit, includes in parenthesis, 
the figure number or numbers of the detail circuit draw 
ings in which the box appears. For example, the trunk 
link frame 142 is shown in Fig. 15 of the detail circuit 
drawings. The trunk link frame 142 provides connections 
from the intraoffice trunk 144, incoming trunk 145, out 
going trunk 146, and the originating register 147 to the 
line link frame 141. Six hundred subscriber stations 
3S00-59, S00-59, etc. are associated with the line link 
frame 141 by means often line concentrators 110-9. The 
stations 3S00-59, 1S00-59, etc. and the line concentrators 
110-9 are remotely located. All the rest of the equipment 
shown in Fig. 1 is located at the central office. 

In common control systems of the type described in 
the above-identified Busch patent, the line link frame is 

are connected. In the illustrative embodiment of the 
present invention, the remotely located line concentrators 
110-9. are the first switching stage to which the stations 
3S00-59, 1S00-59, etc. are connected. 

Through the line concentrators 110-9, the line link 
frame 141 and the trunk line frame 142 traffic flows in 
two directions: originating calls from one of the sub 
stations 3S00-59, 1500-59, etc., and terminating calls 
from one of the trunks 144 or 145. The line concentra 
tors. 110-9 are therefore bilateral, handling both originat 
ing and terminating calls. Each of the line concentra 
tors. 110-9 concentrates the traffic to and from 60 sub 
scriber stations through one of the ten sets of trunks 
1SE0-9 to the central office line link frame 141. The 
concentrator 110, for example, provides for connections 
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from the substations 3S00-59 through lines 3L00-59 to 
the ten trunks 6T0-9 of the set 1SE0. The effect of 
utilizing the line concentrators 110-9 is to place a part 
of the central office switching equipment at a remote lo 
cation. 
Under control of a scanner pulse generator 130, lo 

cated in the central office, each of the line concentrators 
110-9 cyclically scans the 60 lines connected thereto. 
The scanning operation determines the service condition 
of the lines and supplies it to the central office. . The 
scanner pulse generator 130 simultaneously provides 
scanning pulses through the ten line concentrator control 
circuits 120-9, and the ten sets of control pairs 14CP1-3 
to the ten concentrators 110-9, respectively. Each of the 
line concentrators 110-9 is connected to the central office 
by means of one of the ten sets SE0-9 and one of the 
sets of three control pairs 14CP1-3. The line concentra 
tor control circuits 120-9 are individually associated with 
the concentrators 110-9, and all of the rest of the central 
office equipment including the generator 130, is common 
control equipment. 
The generator 130 also supplies the scanning pulses to 

the concentrator originating call register 131. The ten 
line concentrators 110-9 and the register 131 are, in this 
manner, synchronously and cyclically operated under con 
trol of the scanning pulses from the generator 130. 
The scanner pulse generator 130 supplies four types of 

pulses: vertical group pulses, vertical file pulses, reset 
pulses and timing pulses. These pulses are illustrated in 
the scanning pulse sequence diagram shown in Fig. 28. 
As in the ordinary crossbar telephone systems, the sub 
scriber lines are arbitrarily arranged in groups designated 
vertical groups, vertical files and horizontal groups. All 
the subscriber lines connected to one of the ten concen 
trators 110-9 are in the same horizontal group and they 
are subdivided into twelve vertical groups, each of which 
includes five vertical files. The vertical group pulses sup 
plied by the scanner pulse generator 130 select a group 
of five lines connected to each of the line concentrators 
110-9. The vertical group pulse is supplied simultaneous 
ly to the ten line concentrators 110-9 so that five-times 
ten, or 50, subscriber lines are selected. Between two 
such vertical group pulses the scanner pulse generator 130 
supplies five vertical file pulses to the concentrators 110-9 
to select one subscriber line connected to each of the con 
centrators, or ten in all. In order to scan the 600 lines, 
the scanner pulse generator 130 provides to each of the 
ten line concentrators 110-9 and to the register 131, 
twelve 15-volt vertical group pulses spaced at intervals of 
10 milliseconds and five 15-volt vertical file pulses spaced 
at intervals of 2 miliseconds between each pair of vertical 
group pulses. The vertical file and vertical group pulses 
are /2 millisecond pulses and the complete scanning cycle 
has a duration of 120 milliseconds. . 

In addition to the vertical group and the vertical file 
pulses, the generator 130 supplies one reset pulse at the 
beginning of the cycle to ensure the synchronous oper 
ation of the line concentrator scanning cycles and the 
originating call register cycle with that of the generator 
130. The reset pulse is also supplied to a traffic recorder 
134 which periodically records the service condition of 
the lines and trunks. The operation of the traffic re 
corder 134 is hereinafter described in a separate section 
of the detailed description. The pulse sequence diagram, 
mentioned above and depicted in Fig. 28, illustrates the 
vertical file, vertical group and reset pulses. The reset 
pulse also functions as the first vertical file pulse so that 
only 59 vertical file pulses are provided instead of 60 
during one scanning cycle. 
To recapitulate, during one scanning cycle, the pulse 

generator 130 supplies one reset pulse, twelve vertical 
group pulses and 59 vertical file pulses. One vertical 
file pulse is provided for each of the 60 subscriber lines 
3L00-59, if the reset pulse is counted as a vertical file 
pulse. The scanner pulse generator 130 also provides 60 
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6 
timing pulses which are utilized, as is hereinafter de 
scribed, when a call to or from one of the 600 subscriber 
lines is being serviced. The timing pulses are supplied to 
the line concentrator control circuits 120-9 and to an 
outpulsing or line section and test circuit 132. 
The vertical group pulses ready the concentrators 110-9 

for scanning the five-times-ten, or 50 lines in the vertical 
group and each vertical file pulse scans one line, con 
nected to each of the concentrators 110-9, in the readied 
group. The scanning is in parallel, so that effectively a 
separate vertical group pulse is simultaneously supplied 
to each of the ten line concentrators 110-9. 
The generator 130 is not stopped during the operating 

sequence of the line concentrating system of the present 
invention, but continuously and cyclically generates the 
59 vertical file pulses, the twelve vertical group pulses, the 
reset pulse and the 60 timing pulses. 
When a call is initiated at one of the 600 subscriber 

lines 3S00-59, 1S00-59, etc. a service request pulse is 
provided to the central office. If the call originates at 
line 3L14, for example, the vertical file pulse 14 is trans 
formed at the concentrator 110 to a service request pulse 
and supplied back over the control pair 14CP3 to the 
central office. The service request pulse is received by 
the control or detector circuit 120, which thereupon func 
tions generally to stop the transmission of the vertical 
group and reset pulses to all ten concentrators 110-9, 
and to stop the register 131. The register 13, which was 
cyclically keeping count of the vertical file and vertical 
group pulses, is locked at the identity of the calling line 
3L14. 
The vertical file pulses to the concentrator 110 are 

uninterrupted by the circuit 120 when the service request 
pulse is received. The five lines in the vertical group 2, 
which includes the calling line 3L14, are therefore cycli 
cally scanned. Every 10 milliseconds when the service 
requesting line 3L14 is scanned, another service request 
pulse is returned over the control pair 14CP3 to the cen 
tral office. The successive detection of the service request 
pulses at circuit 20 verifies the continuance of the serv 
ice request. If a successive service request pulse is not 
detected, it indicates that the service request has been 
abandoned. 
When the service request pulse is received, the line 

concentrator control circuit 120 also functions to supply 
the reset pulses, if any occur, to the line concentrator 110 
as vertical file pulses. The reset pulse is supplied as a 
vertical file pulse because the first vertical file pulse is 
blanked when the reset pulse is supplied from the scanner 
pulse generator 130. With the reset pulse being supplied 
to the concentrator i10 as a vertical file pulse, the vertical 
file pulses are uninterrupted so that a false abandonment 
indication does not occur. 
When the circuit 120 is operated, it also supplies the 

horizontal group identity to a line link marker connector 
135. As described above, the circuit 120 is individually 
associated with the concentrator 1:0 which is effectively 
the horizontal group 0. The connector 135 is associated 
with a marker 140 which controls the establishment of 
a talking connection through the frames 141 and 142. 
The marker 140 is seized by the connector 135 after the 
vertical group identity has been supplied thereto from 
the register 131. 
When the register 31 is stopped on the line location, 

it supplies the vertical group identity to the connector 
135 and it readies a path for supplying the vertical file 
identity through the relay control and selector circuit i43 
to the line link connector 136. The circuit 143 is as 
sociated with and controls the operation of the line link 
frame 141. When the connector 135 receives the ver 
tical group identity, it seizes the marker 40 and supplies 
to it the horizontal and vertical group information. 
When the marker 140 is seized, it in turn seizes the line 
link frame 141 by means of the line link connector 136 
and circuit 143. When the marker 140 seizes the line 
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link frame 141, the circuit 143 completes the path for 
supplying the vertical file information to the marker 140. 
The marker 140 thereupon has the horizontal group, ver 
tical group and vertical file information which identifies, 
respectively, the concentrator 110 and the line 3L14. 
When the marker 140 seizes the connector. 136, it sup 

plies to the circuit 143 the identity of the calling line 
3L14 and an indication that a dial tone or originating 
call is being served. When the circuit 143 receives the 
calling line identity and the originating call indication, it 
initiates two concurrent sequences of operation: (1) it 
selects one of the trunks 6T0-9 for connection to line 
3L14; and (2) it initiates an outpulsing operation at cir 
cuit 132 for supplying the calling line identity to the 
concentrator 110. . 
At the concentrator 110, the calling line 3L14 is con 

nectable to only six of the ten trunks 6T0-9. Fig. 30 
illustrates the trunk connections and the preference of 
selecting the trunks. For line 3L14, which is in vertical 
group 2, the trunks 6T6, 6T2, 6T1, 6T5, 6T8 and 6T9 
are available with the preference being in the order as 
listed. A connection cannot be established from line 
3L14 to any one of the trunks 6T3, 6T4, 6T7 and 6T0. 
The six trunks connectable to a subscriber line are re 
ferred to as being in the same trunk multiple. The cir 
cuit 143 selects the preferred idle one of the six trunks 
in the trunk multiple connected to the calling line 3L14. 
If all six trunks are idle, the preferred trunk 6T6 is se 
lected. If trunk 6T6 is busy, the second preferred trunk 
6T2 is selected. The lines in each vertical group have 
a different trunk multiple in a random order. Random 
slip trunk multipling of this type distributes the load 
over the trunks and permits simpler concentrators. The 
concentrators 110-9 are simpler because each line is con 
nectable to only six of the ten trunks 6T0-9 providing for 
a 40 percent saving in connections. The random slip 
and trunk preference utilized in the line concentrator 
system of the present invention is described in detail in 
the above mentioned disclosure of Brooks-Joel-Krom. 
The trunks 6Ts and 6T9 are always the least preferred 

trunks in each of the trunk multiples. Each trunk multiple 
includes, therefore, two sets of trunks, one of which varies 
in a random manner being different in each multiple, and 
one of which is common to each multiple. By utilizing 
common least preferred trunks, the probability of the 
existence of an idle trunk for each multiple is increased. 

Concurrently with the trunk selecting sequence of opera 
tion by the circuit 143, the marker 140 selects an idle 
connnection partially through the line link frame 141 
and through the trunk link frame 142 to the originating 
register 147. The register 147 is seized by the marker 
140 through the connector 148 and the frame 142 is 
seized by the marker 140 through the connector 149. 
When the connection is established from the frame 141 to 
the register 147, an indication thereof is provided from 
the frame 141 to the circuit 143. With the trunk select 
ing sequence of operation completed and the connection to 
register 147 established, the circuit 143 readies a path for 
supplying a -100 volt connect potential through the 
frame 141 and the tip lead of the selected trunk 6T6 to 
the concentrator 110. 
The connect potential is supplied to the concentrator 

110 when both the trunk selecting and the outpulsing se 
quences of operation are completed. The outpulsing 
sequence of operation, as described above, is concurrent Gi 
with the trunk selection sequence of operations. 
The outpulsing sequence is initiated when the line and 

concentrator identity is supplied from the marker 140 to 
the circuit 143. When the circuit 143 receives the concen 
trator and line identity, it supplies the calling line identity 
to the line selection and test circuit 132 and it operates 
the circuit 120 to switch the pulsing paths through the 
control pairs 14CP1-3 to come from the line selection and 
test circuit 132 instead of from the scanner pulse gen 

75 erator 130. Until circuit 120 is operated by circuit E43, 
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the vertical file pulsing to the concentrator 110 was con 
tinuous. As described above, when the service request 
pulse is received at the control circuit 120, the vertical 
group and reset pulsing is stopped, but the vertical file 
pulsing is uninterrupted. When the outpulsing sequence 
of operations is commenced and circuit 120 is operated 
to switch pulsing paths, the vertical file pulsing is stopped 
as well. 
When circuit 120 is operated, it also readies a path from 

the line selection circuit. 132 for supplying mark pulses 
over the control pairs 14CP1-3 to the concentrator 110, 
and it readies a line busy path from the control pairs 
14CP1-3 to the circuit 132. 
As described above, when circuit 120 receives the 

service request pulse, it provides an indication thereof 
to the recorder 134. When the circuit 120 operates to 
switch pulsing paths to circuit 132 it also provides an 
indication of the switching operation to the recorder 134. 
The recorder 134 can therefore measure the elapsed time 
between receiving a service request pulse and switching the 
pulsing path to commence the outpulsing Sequence of 
operation. 

Finally, when circuit 120 is operated, it initiates the 
operation of the outpulsing or line selection circuit 132 
which has already received the calling line identity from 
circuit 143. When the circuit 132 is operated by circuit 
120, it supplies a reset pulse through circuit 120 and the 
control pair 14CP2 to reset the concentrator 110. After 
circuit 132 commences operation, it is controlled solely 
by the timing pulses from the generator 130, and the reg 
listered calling line identity. The operation of the line 
selector and test circuit 132, in effect, steers the timing 
pulses from the generator 130 to the concentrator 110 
first as a reset pulse, then as simultaneous vertical group 
and vertical file pulses, and finally as a series of mark 
pulses to complete the establishment of the connection 
from the calling line 3L14 to the selected trunk 6T6. 

After the reset pulse is provided to the concentrator 
110, the circuit 132 simultaneously supplies the vertical 
file and vertical group pulses, spaced at an interval of 2 
milliseconds, to the concentrator 110. The vertical file 
pulses are provided through the circuit 120 and the con 
trol pair 14CP1 and the vertical group pulses are provided 
through the circuit 120 and the control pair 14CP2. In 
this manner, the vertical group outpulsing is at a faster 
rate than the normal scanning rate of supplying vertical 
group pulses. The normal scanning rate is one vertical 
group pulse each 10 milliseconds; whereas, the outpulsing 
rate is one vertical group pulse each 2 milliseconds. 
Moreover the vertical group and vertical file pulses are 
simultaneously provided, so that the outpulsing operation 
is rapid. 
The circuit 132 supplies a number of vertical group 

pulses equal to the vertical group 2 of the calling line 
3L14, but a number of vertical file pulses which is one 
less than the vertical file 4 of the calling line 3L14. The 
last vertical file pulse is delayed. When three vertical file 
pulses and two vertical group pulses are provided to the 
concentrator 110, the circuit 132 is readied for the re 
ception of a line busy pulse from line 3L14. The delayed 
last vertical file pulse functions as a line busy pulse for 
line 3L14. For an originating call, this feature is un 
necessary, but such a check is significant during the out 
pulsing sequence of operation for a terminating call. For 
an originating call, a line busy indication is never re 
ceived because the line 3L14 cannot be in a busy con 
dition connected to one of the trunks 6T0-9 when it initi 
ates a service request. The initiation of a Service re 
quest indication is incompatible with initiating a line busy 
condition at this time. Once outpulsing is commenced, 
howver, 'the same sequence of operation is utilized for 
both originating as well as terminating calls so that the 
line busy testis made even : though it has no significance 
for the originating call, 
The last vertical file pulse is not supplied from the 
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the call is served. At the concentrator the disconnect 
pulse causes the release of the locked-in connection from 
line 3L14 to trunk 6T6. 
The terminating call operation of the line concentrator 

telephone system of the present invention is substantially 
the same as for an originating call, as above outlined. 
When a terminating call is initiated, the marker 140 re 
'ceives the calling information from a number group cir 
cuit 150 through connector 151. When the marker 140 
receives the calling information, it seizes the line link 
connector 136, and supplies through the connector 136 
to the circuit 143 the called line identity, the horizontal 
group or concentrator identity and an indication that the 
call is a terminating call. When the circuit 143 receives 
this information it selects an idle trunk connectable to 
the called line and initiates the outpulsing sequence of 
'operation, described above, by operating the circuits 12) 
and 132. When circuit 120 is . operated, the scanning 
cycle is interrupted. The line busy test made when the 
last vertical file pulse is supplied from circuit 132 to the 
called concentrator now has significance. If the called 
line is busy, or if all ten trunks 6T0-9 connected to the 
called concentrator are busy, a busy indication is re 
turned to the marker 140. 

DETALED CIRCUIT DESCRIPTION 

In the detailed circuit drawings shown in Figs. 2 
through 26, when arranged in accordance with Fig. 27, 
the relay contacts are shown detached from the relay 
windings. The first digit of each reference number in 
dicates the figure in the detailed circuit drawings in 
which the relay or component appears, and the letters 
indicate the function thereof. Relay 21HGTO, for ex 
ample, is the horizontal group relay 0 and appears in 
Fig. 21. The designation of the contact of the relay 
generally includes in parentheses the relay reference 
number with the first digit before the parenthesis includ 
ing the figure in which the contact appears. Contact 
25(2HGTO), for example, appears in Fig. 25 and is a 
contact of the horizontal group relay 0 which appears 
in Fig. 21. When many contacts of the same relay are 
proximately located, only the relay designation is uti 
lized for some of them. Contacts which are closed 
when the relay is deemergized are represented by a sin 
gle short line perpendicular to the lines representing the 
connecting conductors, while contacts which are closed 
when the relay is operated are represented by an X 
crossing the connecting conductors. Contact 21. 
(19CTI), for example, is a contact which is closed when 
the relay is deemergized, and contact 25(21 HGT0) is a 
contact which is closed when the relay is operated. The 
contacts are shown detached from the relay windings in 
order for each functional circuit path to be shown in the 
simplest feasible manner. 

Normal scanning 
The line concentrator 110 shown in Figs. 2 through 

7 is located at a remote location from the central office 
equipment shown in Figs. 8 through 26. As described 
above, ten line concentrators 110-9 are connected to the 
central office equipment. Only the line concentrator 110 
is shown in detail. The other nine concentrators 111-9 
are shown as a box in Fig. 18. Each of the concentra 
tors 110-9 provides for a connection from 60 subscriber 
lines to the central office. The line concentrator 110 pro 
vides a connection from the 60 subscriber substations 
3S00-59, of which, only the substation 3S00 is shown. 
The effect of utilizing the line concentrator 10 is to 
place a part of the switching equipment of the central 
office at a distance therefrom in order to conserve out 
side plant facilities. The line...concentrator 110 is con 
nected to the central office by ten trunks 6T0-9 and three 
control pairs 14CP1-3. The trunks 6T0-9 provide talk 
ing paths between the line concentrator 110 and the 
central office, and the three control pairs 14CP-3 pro 
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“vide for signaling paths i to and from the central office 
equipment. 

With 60 subscriber lines, such as line 3L00, connected 
to each of the ten line concentrators 110-19, there are a 
total of 600 subscriber lines which are served by the cen 
tral office equipment shown in Figs. 8 through 26. With 
all 600 subscriber lines idle, the central office continu 
ously and synchronously scans the ten groups of 60 Sub 
scriber lines respectively connected to the ten line con 
centrators 110–19. 
The ten line concentrators 110-19 are synchronously 

scanned under control of a scanner pulse generator 130 
which is shown mainly in Figs. 8 and 13. The scanner 
pulse generator 130 simultaneously provides scanning 
pulses through the line concentrator control circuits 
129-9 and the ten sets of control pairs 14CP1-3 to the 
ten line concentrators 110-19, respectively. Only one, 
the line concentrator control circuit 120, which is de 
picted mainly in Figs. 17, 18 and 21, is shown in detail. 
The other nine concentrator control circuits 121-9 are 
shown as a box in Fig. 18. The scanner pulse generator 
130 also supplies the scanning pulses to the concentrator 
originating call register 131 which is shown mainly in 
Figs. 22, 25 and 26. The line concentrator control cir 
cuits 120-129 are individually associated with the con 
centrators 119-9. The rest of the equipment, includ 
ing the scanner pulse generator 130 and the concentrator 
originating call register i3A, are common control equip 
ment for all ten concentrators 10-9. The ten line con 
centrators 110-9 and the register 13 are synchronously 
and cyclically operated under control of the scanning 
pulses from the generator 130. 
The scanner pulse generator 130 supplies four types 

of pulses: vertical group pulses, vertical file pulses, reset 
pulses and timing pulses. These pulses are illustrated 
in the scanning pulse sequence diagram shown in Fig. 28. 
As in the ordinary crossbar telephone systems, the sub 
scriber lines are arbitrarily arranged in groups designated 
vertical groups, vertical files and horizontal groups. All 
the subscriber lines connected to one of the ten º con 
centrators 10-9 are in the same horizontal group which 
is subdivided into twelve vertical groups, each of which 
includes five vertical files. The vertical group pulses 
supplied by the scanner pulse generator 130 select a 
group of five lines connected to each of the line concen 
trators 110-19. The vertical group pulse is supplied 
simultaneously to the ten line concentrators 10-19 so 
that five times ten, or 50 subscriber lines are selected. 
Between two such vertical group pulses the scanner pulse 
generator. 130 supplies five vertical file pulses to the 
concentrators 110-119 to Select one Subscriberline con 
nected to each of the concentrators, or ten in all. In 
order to scan the 600 lines, the scanner pulse generator 
130 provides to each of the ten line concentrators 110-9 
and to the register 13, twelve 15-volt vertical group 
pulses spaced at intervals of 10 milliseconds and five 
15-volt vertical file pulses spaced at intervals of 2 milli 
Seconds between each pair of vertical group pulses. The 
vertical file and vertical group pulses are 4 millisecond 
pulses and the complete scanning cycle has a duration 
of 120 milliseconds. 

In addition to the vertical group and the vertical file 
pulses, the generator 130 supplies one reset pulse at the 
beginning of the cycle to ensure the synchronous opera 
.tion of the line concentrator scanning cycles and the 
originating call register cycle with that of the generator 
130. The reset pulses, as hereinafter described, also 
functions, as the first vertical file pulse so that only 59 
vertical file pulses are provided instead of 60 for a single 
cycle. 
To recapitulate, during one scanning cycle, the pulse 

generator 130 supplies one reset pulse, twelve vertical 
group pulses and 59 vertical file pulses. One vertical 
file pulse is provided for each of the 60 subscriber lines 
300-59, if the reset pulse is included as a vertical file 
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pulse. The scanner pulse generator 130 also provides 60 
timing pulses which are utilized, as is hereinafter de 
scribed, when a call to or from one of the 600 sub 
scriber lines is being serviced. 

Referring to Figs. 8 and 13, the scanner pulse gener 
ator 130 includes an oscillator 8OSC which supplies 
1000 pulses per second to the gate circuits 8OSC and 
8OSC2. The oscillator 80SC has a P-N-P transistor 
8T and an N-P-N transistor 8T2 which are intercon 
nected in a hook arrangement to provide for a current 
amplification factor greater than one. Such hook ar 
rangements are described, for example, in the Patent 
2,623, 102 - which issued to W. Shockley on - December 
23, 1952. The emitter electrode of transistor 8T1 is 
connected to an emitter capacitor 8C, which controls 
the duration of the kilocycle pulses. The capacitor 8C 
is connected to battery 8B2 and through the rheostat 
8R to battery 8B. The rheostat 8R is part of a volt 
age dividing network including the resistors 8R2 and 
8R3. The emitter electrode of transistor 8T2, which is 
connected to battery 8B3 through resistor 8R4, is at a 
potential of -20 volts when the transistors 8T and 
8T2. are not conductive, and at a potential of -2 volts 
when they are conductive. When the capacitor 8C 
charges, the emitter potential of transistor 8T is in 

i creased to cause transistors 8Ti and 8T2 to become con 
ductive. When the transistors 8T and 8T2 become 
conductive, the output potential changes to -2 volts and 
the emitter potential of transistor 8T1 is decreased. 
When the emitter potential is decreased capacitor 8C 
discharges. The transistors 8T1 and 8T2 remain con 
ductive and the output potential remains at -2 volts as 
long as the capacitor 8C discharges. When the capaci 
tor 8C begins to recharge the transistors STi and 8T2 
become non-conductive and the output potential de 
creases to -20 volts. The output potential remains at 
-20 volts until the capacitor 8C, recharges to raise the 
emitter potential of transistor 8T. Sufficiently over the 
base potential. 
The free running oscillator 80SC, in this manner, pro 

vides square-shaped kilocycle pulse to the two gates 
8OSC1 and SOSC2. The gate 8OSC is an enabling gate, 
which normally blocks pulses appearing at its input ter 
minal , and the gate 8OSC2 is an inhibiting gate, which 
normally allows the passage of pulses appearing at its ter 
minal 1. Similar enabling and inhibiting gates are uti 
lized throughout the line concentrator system of the 
present invention. v 
The inhibiting gate 8OSC2 has three terminals 1-3, 

with terminal 1 being the input terminal, terminal 2 
the output terminal and terminal 3 the control terminal. 
With -20 volts at its control terminal 3 the gate 80SC2 
functions to allow the passage of pulses from its input 
terminal through to its output terminal 2. The -20 
volt potential at terminal 3 forward-biases the varistor 
8D2, which is connected thereto through the resistor 
8R8. The varistor 8D2 is connected directly to ter 
minal 2 and also through the capacitor 8C3 to terminal 
1. The junction between capacitor 8C3 and varistor 
SD2 is connected through the resistor 8RT to the -20 
volt battery 8B4. The forward-biased varistor 802 
allows the pulses from oscillator 3OSC to appear across 

. the load resistor 8R8. In its inhibiting state the ter 
minal 3 is at a potential of -2 volts and the varistor 
8D2 is reversed-biased with a potential of approximately 
18-volts. The presence of a positive 18-volt pulse across 
the input resistor 8RT is insufficient to overcome the re 
verse-biasing of varistor 3D2 so that an output pulse 
does not appear across the resistor 8R8. Terminal 3 
of the gate 8OSC is connected to the output terminal 
2 of the flip-flop circuit 8BC2 which provides, as is 

thereinafter described, the -20 volt normal potential 
and the -2 volt inhibiting potential. 
The enabling gate 80SCA is a three-terminal device 

with an input terminal 1, an output terminal 2 and a con 
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trol terminal 3. Normally with -20 volts at terminal 3 
the gate 8OSC1 functions to prevent the passage of 
pulses from terminal 1 to terminal 2. Terminal 3 is 
connected to the varistor SD1 through resistor 8R5, 
and varistor 8Di is connected to terminal 2 and to ter 
minal 1 through capacitor 8C2. With -20 volts at ter 
minal 3, varistor 8D, which is also connected to ground 
through resistor 8R6, is reverse-biased. When the poten 
tial at terminal 3 is changed to —2 volts varistor 8 Di 
becomes reverse-biased by only 2 volts to allow the pas 
sage of a pulse from the oscillator 8OSC. Terminal 3 
of gate 8OSC is also connected to the output terminal 2 
of the flip-flop circuit 8BC2. With the terminal 2 of the 
flip-flop circuit 8BC2 connected to the control terminals 
3 of gates 8OSC1 and 8OSC2, one of the two gates is 
open and one of the two closed at any given time. When 
the control potential is normal, or at -20 volts the in 
hibiting gate 8OSC2 is open and the enabling gate 8OSC1 
is closed, and when the control potential is -2 volts, the 
gate 8OSC2 is closed and gate 80SC is open. 
The pulses through the gate 8OSCi are supplied to the 

flip-flop circuit 8BC1, and the pulses through the gate 
8OSC2 are supplied to the flip-flop circuit 8BC2 which is 
similar to the flip-flop circuit 8BC1. The gates 8OSC1 
and 8OSC2 and the flip-flop circuits 8BC1 and 8BC2 func 
tion together as a binary counter, which receives the 
1000 cycle per second pulses from the oscillator 8OSC 
and divides them into two out-of-phase sources of 500 
cycle per second pulses. The output terminals 2 of the 
gates SOSC and 3OSC2 are connected, respectively, to 
the input terminals 1 of the flip-flop circuits 8BC1 and 
8BC2. 
The fip-flop circuit 8BC1 is a bistable transistor trig 

ger circuit having two transistors 8T3 and 8T4 connected 
in a hook arrangement. An electrical pulse applied to the 
input terminal 1 triggers the circuit from one state to the 
other and leaves it there until a reset pulse to its ter 
minal 3 triggers it back again to its former state. The 
flip-flop circuit 8BCi is normal, or off, when its output 
terminal 2 is at a potential of -20 volts and off-normal, 
or on, when it has received a positive pulse through its 
input, or set, terminal 1 to change the potential at its out 
put terminal 2 to -2 volts. A positive pulse through the 
reset terminal 3 restores the potential at its output ter 
minal 2 to -20 volts. The time consumed in changing 
the output potential from one value to another is approx." 
mately 2Ao of a microsecond. 
When the flip-flop circuit 8BCi is in its off condition, 

a very small amount of current, somewhat less than 10 
microamperes, is supplied from the --5 volt source 8B5 
through resistor 8R11, transistor ST3 and resistor 8R9 
to ground. The transistor 8T3 represents almost all of 
the impedance in this circuit path. With a 5-volt poten 
tial across transistor 3T3 its emitter is back-biased so that 
the transistors 8T3 and 8T4 are in their low current 
quiescent condition. There is also a small current be 
tween the source 8B5 and a -20 volt source 8B6. This 
path is from source 8B5 through resistor 8R11, the base 
to-collector path of transistor 8T3, the base-to-emitter 
path of transistor 8T4, in parallel with the collector-to 
emitter path of transistor 8T4, through resistor 8R12 to 
battery 8B6. With transistor 8T4 being in its off or low 
current quiescent condition most of the potential drop is 
across it so that terminal 2 is at a potential of -20 volts. 
When a positive pulse is supplied to terminal 1, of 

sufficient magnitude to raise the potential of the emitter 
electrode of transistor 8T3 above that of its base elec 
trode, the transistor 8T3 becomes conductive. The input 
terminal is connected through the capacitor 8C4 to the 
emitter electrode of transistor 8T3, and to ground through 
the resistor SR9 and also through the varistor 8D3. When 
the transistors 8T3 and 8T4 are turned on, there is a low 
resistance path from ground through the varistor 8D3, the 
emitter-to-collector path of transistor 8T3, the base-to 
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emitter path of transistor 8T4 and resistor 8R12 to bat 
tery 8B6. The increase in current through the resistor 
8R-12 "causes an 18-volt drop across it to change the po 
tential atterminal 2 to -2 volts. The voltage drop across 
the collector-to-emitter path of transistor 8T4 is very 
small so that the collector electrode thereof is effectively 
at the -2 volt potential. With the emitter electrode of 
transistor 8T3 effectively at ground potential it is there 
fore 2 volts; more positive than its base electrode which 
is connected to the collector of transistor 8T4. This con 
dition holds the transistors 8T3 and 8T4 on, to provide 
for the bistable operation. The flip-flop. circuit 8BC1 in 
cludes a varistor 8D5 which is connected from the emit 

* ter électrode of transistor 8T4 to ground, to prevent the 
output terminal 2 from going positive or above ground 
potential. 
The circuit 8BC1 remains in this stable condition until 

a positive pulse is received through the reset terminal 3. 
The reset terminal 3 is connected through the capacitor 
8C5 and varistor 8D4 to the base electrode of transistor 
8T3. The junction between capacitor 8C5 and varistor 
8D4 is connected to ground through the resistor 8R10. 
The positive pulse to the base electrode of transistor 8T3 
makes it more positive than its emitter electrode and 
thereby turns off the flip-flop circuit 8BC1. - 
The two similar flip-flop circuits 8BC1 and 8BC2 are 

alternatively turned on and off. The pulse provided when 
the potential at the output terminal 2 of flip-flop 8BC2 
changes from -20 to -2 volts is utilized for four sep 
arate functions: 

(1) It is supplied through the resistor 8R13 to the 
input terminal 1 of the B amplifier 8TPA as a timing 
pulse; 

(2) It is utilized when, as is hereinafter described, the 
enabling gate 8VCG is open as a vertical group pulse, 

(3) It is provided to the reset terminal 3 of the flip 
flop circuit 8BC1; and - 

(4) it changes the control potential at the terminals 3 
of gates 8OSC1 and 8OSC2 so that the next pulse from 
oscillator 8OSC is provided to the flip-flop circuit 8BC1. 
The next pulse from the oscillator 8OSC passes through 

the enabled gate 8OSC1, but not the inhibited gates 
8OSC2, to the flip-flop circuit 8BC1 and also to the reset 
terminal 3 of the flip-flop circuit 8BC2. The pulse to the 
reset terminal 3 of flip-flop circuit 8BC2 causes the flip 
flop circuit 8BC2 to reset and reverse the open and closed 
conditions of gates 8OSC1 and 8OSC2, so that the next 
pulse from oscillator 8OSC will pass through gate 8OSC2, 
The pulse to the input terminal 1 of flip-flop circuit 8BC1 
causes it to turn on and supply a pulse through the in 
hibiting gate 8VFC, capacitor 8C6, and the A amplifier 
8VFA to the ring counter 13VFC as a vertical file pulse. 
As is hereinafter described, when the gate 8VFC is closed, 
an enabling gate 8RCG is open and the pulse from flip 
flop circuit 8BC1 functions as a reset pulse. 

In this manner, the 1000 cycle per second pulses from 
oscillator 8OSC are divided into two sources of 500 
cycles per second pulses. The pulses are positive square 
wave pulses, .5 millisecond in duration with 2 millisec 
onds between pulses. 
As described above, the sequence of vertical file, verti 

cal group, timing and reset pulses is shown in Fig. 28. 
The vertical file and reset pulses from flip-flop circuit 
8BC1 are in phase, and the timing and vertical group 
pulses from flip-flop circuit 8BC2 are in phase. Assume 
that the scanning cycle starts with gate 80SC1 closed 
and gate 8OSC2 open. The first pulse from oscillator 
8OSC is supplied through gate 8OSC2 to set the circuit 
8BC2. When circuit 8BC2 is set, it resets flip-flop. 8BC1, 
enables gate 8OSC1, disables gate 8OSC2, and provides a 
pulse through the B amplifier 8TPA to lead 8TP. 
The B amplifier8TPA, which is a hook-type transistor 

pulse amplifier having transistors 8T5 and 8T6 connected 
in a hook arrangement, functions to supply square wave 
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B amplifier 8TPA described above. 
1 is connected to a capacitor 8C9 and to the emitter elec 

16 
pulses of 15-volt amplitude and 500-microsecond dura 
tion. The illustrative embodiment of the present inven 
tion includes two types of amplifiers: a 500-microsecond 
pulse B amplifier and a 100-microsecond receiving Aam 
plifier. Similar B and A amplifiers are utilized through 
out the line concentrator system of the present invention. 
The B amplifier 8TPA is monostable and does not have to 
be reset after being triggered by an input pulse but returns 
to its original quiescent condition due to the internal cir 
cuit action. This is due to the fact that the potential on 
the emitter of transistor 8T6 returns to a predetermined 
negative biasing potential with respect to the base due 
to a biasing path from battery 8B9 through resistors 
8R19 and 8R18, varistor 8D6, shunted by resistor 8R 17, 
and the resistor 8R16 to battery 8B8. In its normal state 
the emitter electrode of transistor 8T6 is at a potential 
of 3.2 volts while the base thereof is at a potential of 4.42 
volts. Thus, an input pulse which is just over 1.2 volts 
through terminal 1 and capacitor 8C8 from the flip-flop 
8BC2 causes the amplifier 8TPA to trigger. The emitter 
to-base potential determines the sensitivity of the ampli 
fier. The input terminal 1 is negatively biased by battery 
8B7 through resistor 8R14. The capacitor 8C7, which is 
connected between resistors 8R18 and 8R19, controls the 
duration of the output pulse supplied from the emitter 
of transistor 8T6 through terminal 2 of the amplifier 
8TPA. The input pulse through terminal 1 triggers the 
amplifier 8TPA providing a charging path for capacitor 
8C7 from the battery 8B9, on one side, and through 
varistor 8D6, transistors 8T5 and 8T6 and resistor 8R15 
to battery 8B8, on the other side. After the capacitor 
8C7 has charged it offers a high impedance path to the 
battery 8B8, allowing the biasing path, described above, 
to function as the capacitor 8C7 discharges to return 
the amplifier 8TPA to normal. The amplifier 8TP pro 
vides a pulse of fixed duration determined by the circuit 
time constant in response to a variable width pulse. 
The amplifier pulse from amplifier 8TPA is supplied 

to the enabling gate 8VGC, and as a timing pulse through 
lead 8TP to the originating register 131 and to the ten 
line concentrator control circuits 120-129. The en 
abling gate 8VGC is opened, as is hereinafter described, 
after five vertical file pulses have been received by a ring 
counter 13VFC. 
The second pulse from oscillator 8OSC is provided 

through gate 8OSC1 to set the flip-flop circuit 8BC1, and 
to reset the flip-flop circuit 8BC2. When circuit 8BC2 
resets, it opensgate 80SC2 and closes gate 80SC1. When 
circuit 8BC1 sets, it provides a pulse to the enabling 
gate 8RCG, and also through the inhibiting gate 8VFC, 
and capacitor 8C6 to the A amplifier 8VFA. As is here 
inafter described, the gate 8RCG is enabled once during 
each scanning cycle to allow the pulse from the flip-flop 
8BC1 to function as a reset pulse. 
The A amplifier 8VFA is substantially similar to the 

The input terminal 

trode of transistor 8T7, through the resistor 8R20. The 
capacitor 8C9 is connected to the emitter electrode of 
transistor 8T7 through varistor 8D7, and also to battery 
8B10 through terminal 3 and resistor 8R21. The input 
to the B amplifier 8TPA is a single terminal input where 
as the input to the A amplifier 8VFA may be a double 
terminal input. An input is provided to the A amplifier 
8VFA when terminal 1 becomes more positive than 
terminal 3. When a pulse is provided to the amplifier 
8VFA, terminal 1 becomes positive with respect to termi 
nal 3 causing the transistors 8T7 and 8T8 to trigger. The 
capacitor 8C9 functions as a filter to prevent reversal of 
the relative potentials of terminals 1 and 3 when transis 
tors 8T7 and 8T8 become conductive. When the transis 
tors 8T7 and 8T8 become conductive, the emitter poten 
tial of transistor 8T7 decreases. Without the filter capaci 
tor 8C9, a relatively negative pulse would appear atter 
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minal 1 to possibly interact in some circuit arrangements 
with other components. The emitter electrodes of tran 
sistors 8T7 and 8T8 are connected by a feedback capacitor 
8C11 which makes the amplifier very sensitive. The am 
plifier 8VFA provides a pulse of shorter duration than 
that provided from the amplifier 8TPA due to the utiliza 
tion of a small base capacitor 8C10. The capacitor 3C9 
is connected on one side to battery 8B11 and on the other 
side to terminal 3. Battery 8B11 is connected through 
resistor 8R23 to the collector of transistor 8T8. The 
emitter electrode of transistor 8T8 is connected to the 
output terminal 2 through the varistor 8D8, which is 
connected to the battery 8B12 through the resistor 8R26. 
The resistor 8R26 and the varistor 8D8 function as an 
isolating circuit component between the amplifier 8VFA 
and the ring counter 13VFC. The varistor 8D8 is neces 
sary to avoid false triggering through capacitor 8C11 
due to noise or other disturbances appearing at terminal 2. 
The cither circuit components in amplifier 8VFA are 
similar to the corresponding ones in amplifier 8TPA. 
The pulses from amplifier 8VFA are provided to the 

five-stage ring counter 13VFC. A ring counter may be 
referred to as a walking circuit or a sequence circuit 
which advances one step for each input pulse supplied 
thereto. The vertical file pulses from the amplifier 
8VFA are supplied to the input terminal 1 of each of the 
five stages 3VFC6-4. A single counter stage, such as 
the stage 53VFCG, is effectively a combination of an 
enabling gate and flip-flop circuit. A stage is referred to 
being gated when its gate is enabled, and is referred to as 
being “on” when its flip-flop circuit is set. A stage may 
be turned on only if its gate is enabled to allow the 
input pulse to set or turn on its flip-flop circuit. When a 
stage is turned on, the potential at its output terminal 2 
changes from -20 volts to -2 volts to enable the gate 
of the Succeeding stage. Assume for example that at the 
beginning of the scanning cycle the stage 13VFC has its 
flip-flop circuit set. Only one of the stages 13VFC0-4 
is set at a time, and the stage succeeding the set stage is 
the only gated or enabled stage. The input terminal is 
connected through the input coupling capacitor 3Ci and 
the varistor 13D3 to the emitter electrode of the transis 
tor 3T. The transistor 3T is one of two transistors 
i3ii and 13T2 which are connected in a hook arrange 
ment of the type described in the above-identified patent 
to W. Shockley. The emitter electrode of transistor 
:3T3 is connected to ground through the resistor 13Rf. 
and through the varistor 3D2. The resistor 3R func 
tions as a load resistor for the input pulse, and the 
varistor 13 D2 provides a low resistance path for the 
emitter sustaining current and also functions to dissipate 
any negative pulses to ground. The base of transistor 
53TS is connected to the collector of transistor 3T2, to 
the --5 volt direct-current potential source 13B through 
the base resistor 13R4, and through the reset terminal 4 
to the terminal 5 of the succeeding stage 13VFC. The 
emitter electrode of transistor 3T2 is connected to the 
output terminal 2, and to the -20 volt battery 3B2 
through resistor 3R6. 
With the first stage i3VFCC on, the output terminal 2 

thereof is at a potential of -2 volts due to the current 
through the resistor 13R6. With a -2 volt potential at 
terminal 2 of stage 13VFC0, the varistor 13D3 of stage 
13VFC is back-biased by only 2 volts. The terminal 2 
of stage 13VFC) is connected through the terminal 8 of 
stage 3VFC and resistor 13R3 to the varistor 13D3. 
With the varistor 13D3 in stage i3VFC back-biased by 
only 2 volts, the stage 13VFC is enabled so that an 
input pulse through terminal 1 thereof causes it to turn 
om. If stage 13VFC0 is not on and its terminal 2 is at 
a potential of -20 volts, varistor 13D3 in stage 13VFC; 
is reversed-biased so that an input pulse through its ter 
minal does not turn it on. 
When the first pulse is supplied to the terminals 1 of 

stages i3VFC-4 from the amplifier 3VFA, it turns on 

IO 

20 

25 

30 

3 5 

40 

45 

50 

55 

60 

65 

70 

75 

8 
the stage 3VFC through the enabled gate circuit which 
includes the varistor 3D3. The potential at terminal 2 
of Stage 3 VFC changes from -20 volts to -2 volts 
to enable the stage 3VFC2 and to reset the stage 
i3VFC9. The terminal 2 of stage 3VFC is connected 
through the capacitor 13C2 of stage 3VFC, varistor 
3.34 and terminal 5 to terminal 4 of stage A3VFC0. 
Terminal 4 is connected, as described above, to the base 
electrode of transistor 13T. When the potential at ter 
minal 2 of stage 3 VFCi changes from -20 volts to 
-2 Voits, the change in potential is provided to the 
base of transistor 3T in stage 13VFC0 causing the 
stage 13VFCC) to turn off. When the stage 13VFC) is 
turned off, in this manner, the potential at its terminal 2 
decreases from -2 volts to -20 volts disabling the gate 
circuit which includes the varistor 13D3 in the stage 
3VFR. 
To briefly recapitulate, the first pulse supplied to ter 

minals of stages 3VFC-4 turns on the stage 13VFC 
which enables the stage 3VFC2 and resets or turns off 
the stage 13VFC8. When the stage 13VFCC is turned 
of it disables the stage 13VFC1. After the first pulse, 
therefore, the stage 13VFCi is the only stage that is on 
and the stage 3VFC2 is the only stage that is enabled. 
The second pulse from flip-flop 3BC; through amplifier 

8WFA turns on the stage 3VFC2 which enables the 
stage 13VFC3 and turns off the stage 13VFC1. The 
stage 13VFC in turn disables the stage 3VFC2. The 
pulses Supplied to the terminals of the stages 
i3VFC0-4 in this manner advance the setting from stage 
to stage, with the sixth pulse being equivalent to the first 
pulse. The sixth pulse is equivalent to the first pulse 
because the stages 13VFC6-4 are connected in a ring, 
with the output terminal 2 of stage 13VFC4 being con 
nected to terminal 8 of stage 13VFC0, and the terminal 5 
of Stage 3VFC) being connected to the reset terminal 4 
of stage i3VFC4. The above sequence continues from 
stage to stage in the counter 3VFC until the input pulses 
are blocked by the inhibiting gate 8VFC. 

Every time stage 13VFC4 turns on, it enables or opens 
the gate 8VGC. Gate 8VGC is enabled therefore every 
fifth vertical file pulse and disabled by the succeeding 
vertical file pulse. The output terminal 2 of stage 
13VFC4 is connected to the control terminal 3 of gate 
8VGC. With the gate 8VGC enabled, the next pulse 
provided from terminal 2 of the flip-flop circuit 8BC2 
passes through the B amplifier 8TPA, the gate 8VGC, 
and the B amplifier 8VGA, to the enabling gate 8PR, 
and also to a twelve-stage ring counter i3VGC. The 
gate 8PR is enabled, as is hereinafter described, when the 
stage 13VGCE 1 of counter 3VGC is turned on. 
The vertical group counter 13VGC is similar to the 

counter 13VFC except that it has twelve stages instead 
of five. The first pulse through gate 8VGC turns on 
stage 3VGCE and turns off stage A3VGC0. The next 
pulse from terminal 2 of the flip-flop circuit 8BCE turns 
off stage 13VFC4 and turns on stage 13VFC0. When 
stage i3VFC4 is turned off, it removes the enabling po 
tential from gate 8VGC causing it to close. The next 
four pulses from terminal 2 of the flip-flop circuit 8BC2 
are blocked at gate 8VGC. When however, stage 
3VFCA is turned on again another pulse is allowed to 

pass to the counter 3VGC. The two counters 13VFC 
and 3VGC are operated in this manner, with five pulses 
being provided to counter 3VFC for each pulse to 
counter 3VGC, 

This sequence continues until the stage 13VGCSE is 
turned on. When stage 13VGC#1 is turned on, it pro 
vides an enabling potential from its output terminal 2 to 
control terminal 3 of gate 8PR. The next vertical group 
pulse through gate 8VGC to counter 13VGC, also passes 
through the open gate 8PR to trigger the flip-flop circuit 
8RC. The flip-flop 8RC is similar to the flip-flop circuit 
8BC1, described above. 
The flip-flop circuit 8RC is set, in this manner, at the 

saile tine that the amplifier SVGA supplies a vertical 
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group pulse to turn off stage 13VGC11 and turn on 
stage 13VGC0. When stage 13VGC11 is turned off it 
removes the enabling potential from gate 8PR. 
When the flip-flop circuit 8RC is set it enables, or opens, 

the enabling gate 8RCG and closes the inhibiting gate 
8VFC. The next pulse from the flip-flop circuit 8BC 
is supplied, as a reset pulse, through gate 8RCG instead 
of a vertical file pulse through gate 8VFC. The reset 
pulse is supplied from flip-flop circuit 8BC1 through gate 
8RCG, and the B amplifier 8RCA to the reset terminal 
3 of the flip-flop circuit 8RC. The amplified reset pulse 
from amplifier 8RCA is also supplied through capacitor 
8C15, shunted to ground by resistor 8R40, and varistors 
3D7 to the reset terminals 4 of stages 13VFC1-4 and 
3VGC-1. 

also provided, respectively, through varistors 3DS and 
resistors 13R18 to the terminals 7 of stages 13VFCO and 
13VGC0. The reset pulse, provided in this manner, 
turns on stage 13VFC0 and turns off the stage 13VFC4 
and also any of the others that may be on. The pulse 
effectively insures stages 13VFC1-4 and 3VGC-11 
being off and stages 13VFC0 and 13VGC0 being on at 
the beginning of the cycle. 
When the flip-flop circuit 8RC is reset, it recloses gate 

8RCG and reopens gate 8VFC, so that the next pulse 
from flip-flop circuit 8BC1 functions as a vertical file 
pulse instead of a reset pulse. During one complete 
cycle the counter 13VFC receives 59 vertical file pulses 
and one reset pulse. The first of 60 vertical file pulses 
is blanked and replaced by the reset pulse. The reset 
pulse functions as a vertical file pulse because it resets 
stage 13VFC4 and turns on stage 13VFC0. During one 
complete cycle the counter 13VGC receives, twelve ver 
tical group pulses and one reset pulse. The reset pulse 
insures the synchronism of counters 13VGC and 13VFC. 
The output terminal 2 of amplifier 8RCA, through 

which the reset pulse is provided, is also connected to 
the reset check circuit 8RCP. Normally, the circuit 8RCP 
is a free running oscillator which oscillates at a frequency 
of approximately two cycles per second. In the absence 
of reset pulses, a capacitor 8C12 charges from battery 
8B14 through resistor 8R36, until the emitter potential 
of transistor 8T9 is greater than its base potential. The 
hook connected transistors 8T9 and 8T10 trigger, and 
supply a positive pulse from capacitor 8C12 through varis 
tor 8D11, transistors 8T9 and 8T10, capacitor 8C13, 
resistor 3R35 and the output terminal 2 to the input ter 
minal 1 of amplifier 8RCA. When the transistors 8T9 
and 8T10 trigger, the emitter potential of transistor 8T9 
becomes negative and capacitor 8C12 starts to recharge. 
The wave of the capacitor potential has in this manner, 
a saw-tooth shape. The transistors 8T9 and 8T10 be 
come nonconductive, when the capacitor 8C12 starts to 
recharge, to allow the output potential to decrease to 
-20 volts due to battery 8B15 which is connected to 
the emitter of transistor 8T10 through resistor 8R34. In 
the absence of input pulses, the check circuit 8RCP, 
therefore, provides two pulses per second to the amplifier 
8RCA. If a reset pulse is not provided to the circuit 
8RCP during a 500 milliseconds interval, the circuit 
8RCP provides a pulse to the amplifier 8RCA to func 
tion as a reset pulse. 
The reset pulses from amplifier 8RCA are supplied 

through terminal 1 of circuit 8RCP, resistor SR30, capaci 
tor 8C14 and varistor 8D10 to the emitter of transistor 
8T9. The capacitor 8C14 is also connected through re 
sistors 8R31,8R32 and 8R33 to ground. The reset pulses 
are normally applied at a rate of 8 per second from the 
gate 8RCG. Each fourth reset pulse is effective to trigger 
the circuit 8RCP. The capacitor 8C12 inhibits triggering 
until it is near a potential sufficient to trigger the transis 
tors 8T9 and 8T10. When the reset pulses are applied, 
therefore, the circuit 8RCP is triggered in synchronism 
every fourth reset pulse. If the fourth reset pulse fails 
to arrive, the circuit 8RCP triggers anyhow to provide 
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a substitute reset pulse. The check circuit 8RCP, in this 
manner insures the synchronism of the counters 13VGC 
and 13VFC and counters in other parts of the system. 
The circuit 8RCP also functions to start the generator 
39 when power is turned on. 
The generator 130 is not stopped during the operating 

sequence of the line concentrating system of the present 
invention, but continuously and cyclically generates the 
59 vertical file pulses, the twelve vertical group pulses, the 
reset pulse and the 60 timing pulses. 
The 60 timing pulses, the vertical file pulses, the twelve 

vertical group pulses and the reset pulse for each cycle 
are supplied, respectively, through leads 8TP, 13VF, 
13VG and 8RS to the originating call register 13 and 
to the ten control circuits 120-129. The leads 8TP,13VF, 
13VG and 8RS are connected, respectively, from the out 
put terminals 2 of amplifiers 8TPA, 8VFA, 8VGA and 
8RCA. 
The scanner pulse generator 130, as is hereinafter de 

Scribed, supplies the timing pulses to a line selection and 
test circuit 132 and to a traffic recorder 134. The register 
131 is shown mainly in Figs. 22, 25 and 26, the control 
circuit 120 is shown mainly in Figs. 17, 18 and 21, the 
select circuit 132 is shown mainly in Figs. 19, 20, 23 
and 24 and the recorder 134 is shown in Fig. 9. 
When stage 13VGC11 is turned on it supplies a pulse 

to the control terminal 3 of gate 8PR as described above, 
and in addition it also opens the enabling gate 9PK. The 
vertical group pulse provided from terminal 2 of stage 
13VGC11 to terminal 3 of gate 9PK enables gate 9PK 
to ready a path from the output terminal 2 of stage 
13VFC3 to the input terminal 1 of the flip-flop check 
circuit 9CK. Stage 13VFC3 is turned on after stage 
13VGC11 is set when three vertical file pulses are pro 
vided to the counter 13VFC. When stage 13VFC3 is 
turned on, it, in turn, sets the circuit 9CK. When cir 
cuit 9CK is set, it initiates the operation of the slow-op 
erate relay.9SCA which is connected to battery 9B3. If 
circuit 9CK remains set to allow relay 9SCA to oper 
ate, a trouble condition is indicated. 
When relay 9SCA operates, it causes the release of the 

normally operated relay 9SCK by shunting it to ground 
through the operated contact 9(9SCA). The operating 
path for relay 9SK is through resistor 9R1 to battery 
9B1. Relay 9SCK is a slow-release relay, taking 400 
milliseconds to release. When relay 9SCK finally re 
leases, it closes a path from battery 9B2 through its con 
tact9(9CK) and resistors 9R2 and 9R3 to the line con 
centrator power supply 9PS. The trouble indicator 9L, 
which is shunted across resistor 9C, is energized when 
relay 9SCK releases. The power supply 9PS, as is here 
inafter described, is utilized to supply operating power 
to the ten line concentrators i0-9. 

Relay 9SCK releases, however, only if circuit 9CK is 
not reset during a 400-millisecond interval. The reset 
terminal 3 of the flip-flop circuit 9CK is connected through 
diode 9D7, capacitor 9Ci6 and lead 14CK to the con 
centrator control circuit 120. As described above, the 
circuit 9CK is set when stage 13VFC3 is set after stage 
13VGC11 is set. In other words, when line 3L58 at the 
concentrator 110 is scanned, the circuit 9CK is set. At 
the line concentrator 110, as is hereinafter described, the 
line 3L59 is permanently made busy to return a line busy 
pulse to the control circuit 120. The control circuit 120 
provides a line busy potential to lead 14CK which resets 
the circuit 9CK. If a line busy pulse is not returned 
over lead 14CK after circuit 9CK has been set, a trouble 
indication is provided. 
When scanning is halted to serve a call, line busy pulses 

are not returned to circuit 9CK. As is hereinafter de 
scribed, however, the timing pulses through lead 8TP are 
utilized to reset circuit 9CK and prevent a false trouble 
indication. 
There is one circuit 9CK and associated gates, relays 
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and components for each of the ten concentrators 110-9. 
The other nine are shown functionally as part of the box 
1290 in Fig. 12. The connections from circuits 121-9 to 
box 200 for supplying the enabling potentials are not 
shown. 

Returning now to the normal scanning sequence, the 
four types of pulses are supplied from generator 130 to 
the register 31. The originating call register 131 in 
cludes two ring counters 25VFR and 26VGR which are 
similar to the counters 13VFC and 13VGC, described 
above. When the central office is not serving a call, the 
scanner pulse generator 130 drives the originating cali 
register 3i in synchronism therewith, by supplying the 
vertical file, vertical group and reset pulses to the counters 
25VFR and 26VGR. The vertical file pulses are sup 
plied through lead 13VF, and the open inhibiting gate 
22VFR to the input terminals 1 of the stages 25VFR0-4 
of counter 25 VFR. The vertical group pulses are supplied 
through lead 3VG and the inhibiting gate 22VGR to the 
input terminals of stages 26VGR0-11 of counter 
26VGR. The reset pulses are supplied through lead 8RS, 
the inhibiting gate 22RRG, the B amplifier 22RR, and 
capacitor 22C4, shunted to ground by resistor 22RC, 
the varistors 25 D7 and 26D7, respectively, to the reset 
terminals 4 of stages 25VFR1-4 and 26VGR4-11. The 
input terminal of gate 22RRG is connected through 
varistor 22)7, shunted by resistor 22R56 amplifier 
22RLD, and circuit 22RLDZ, capacitor 22C3 to the reset 
terminal 3 of circuit 22RL. The output terminal 2 of 
amplifier 22RR is also connected through varistor 22D3 
to the terminal 3 of circuit 22RL. Circuit 22RL there 
fore receives two reset pulses, one delayed, whenever 
gate 22RRG is open. With gate 22RRG closed, the de 
layed reset pulse is still provided. The reset pulses are 
also supplied from capacitor 22C4, respectively, through 
the varistors 25DE and 26DS. and the resistors 25R1 
and 26R to the terminals 7 of stages 25VFR0 and 
26VGR. 
The three gates 22VFR, 22VGR and 22RRG are 

closed, as is hereinafter described, when a service, request 
is received from any one of the ten line concentrators 
19-9., to block the reception of the vertical file, vertical 

group and reset pulses to the counters 25VFR and 
26VGR. The counters 25 VFR and 26VGR are, in this 
manner, stopped upon the reception of a service request 
from the line concentrators 10-9. 
The vertical file, vertical group and reset pulses are 

provided to the register 31 and also through the ten 
line concentrator control circuits 120-9, to the line con 
centrators 10-9. Only circuit 120, which is depicted in 
Figs. 17, 18 and 21, of the ten circuits 120-9 is shown in 
detail. The leads 3VF, 3VG and 8RS are multipled to 
each of the circuits 120-9. In circuit 28, the vertical 
file pulse through lead A3VF from the generator 30 is 
coupled through capacitor 17C, varistor 17D, shunted 
by resistor 17R1, the open inhibiting gate 17VFS, ca 
pacitor 7C2, the B amplifier 17VFL, lead 17VF and 
resistor 4Ri to the upper primary of transformer 14Ti. 
The center tap of the primary of transformer 4Ti. 
is connected to battery 14Bi, and to the oppositely poled 
varistors 4D1 and 4D2. The vertical group pulse, 
through lead 3VG, is coupled through the inhibiting gate 
27WGS2, resistor 17R2, the inhibiting gate 17VGS1, the 
B amplifier 17VGL, lead 17VG and resistor 14R3 to the 
upper primary of transformer 14T2. The center tap of 
transformer 4T2 is connected to battery 14B2 and to 
the oppositely poled varistor i4D3 and 14D4. The reset 
puise, through lead 8RS, is coupled through the inhibiting 
gates 17 RS2 and A7RS, capacitor 17C3, the B amplifier 
i.7RS, lead a 7RS and resistor 4R4 to the lower primary 
of transformer 7T2. 
The three signal transformers 14T-3 and the power 

transformers, or retard coils, 14C1, and 14C2 are part 
of the concentrator control circuit 120, The Secondaries 
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of transformers 14T1-3 are connected, respectively, 
through the three signal control pairs 4CP1-3 to the 
line concentrator 50. In this manner, the vertical file 
pulses are supplied through the control pair S4CP1, and 
the vertical group and reset pulses are supplied through 
the control pair 14CP2 to the line concentrator i0. 

Briefly recapitulating, during the normal scanning cycle, 
the scanner pulse generator 3 continuously and cyclical 
ly provides vertical group, vertical file and reset pulses 
through leads A3VG, 3VF and 8RS, respectively, to the 
line concentrator originating call register A31 and also to 
the tem fine concentrator control circuits 28-429. The 
originating call register E3 includes a vertical group ring 
counter 26VGR and a vertical file ring counter 25VFR 
which are cyclically and synchronously operated with the 
ring counters 3VGC and 3VFC in the scanner pulse 
generator 30. The ten concentrator control circuits 20 
129 supply the vertical file, vertical group and reset pulses 
through sets of three control pairs 4CP1-3 to the ten 
line concentrators 6-9. 
The vertical group vertical file and reset, pulses, pro 

vided, in this manner, to each of the ten line concentrators 
E30-9, cyclically and synchronously operate ring counters 
7WG and 4VF therein. Including the sets of counts 
7WG and 4VF, the line concentrator system of the present 
invention includes twelve sets of synchronously operated 
ring counters: the generator counters 3VGC and 13VFC; 
the register counters 25VFR and 26VGR; and the ten 
sets of concentrator counters 4VF and 7VG. The sys 
tem also includes two counters 23VGP and 24VFP in 
the line selection and test circuit 32 which are not ring 
counters. The counters 23VGP and 24VFP are not op 
erated during the scanning cycle. 
At the line concentrator 18, the control pairs 4CP-3 

are connected, respectively, to the secondaries of the 
transformers 5T-3. The upper primary of the trans 
former 5T, which is shunted by the resistor SRE, is con 
Inected through resistor SR2 to the input terminals 1 and 
3 of the vertical file receiving type, or A, amplifier 5VF. 
The upper primary winding of the transformer ST2, which 
is shunted by the resistor 5R6, is connected through re 
sistor 5R4 to the input terminals and 3 of the vertical 
group A amplifier SVG. The lower primary winding of 
the transformer ST2 is connected through the resistor 
5R5 to the input terminals 1 and 3 of the reset amplifier 
5RS. The amplifiers 5RS and SVF and 5VG are all receiv 
ing or A-type aimplifiers, similar to the A amplifier 8VFA 
described above. The amplifiers 5RS, 5VF and 5VG 
amplify the respective signals supplied thereto from the 
central office. 
The circuit components of amplifiers 5RS, 5VF and 

5VG are similar to the circuit components of amplifier 
8VFA but the first digit of the designation is a 5 instead 
of an 8, and the power is externally supplied. Instead of 
including batteries such as 8B and 3B12 in amplifier 
8VFA, the direct-current potentials are supplied to ampli 
fiers 5RS, SVF and SVG through terminals 4 and 5 
thereof. Terminals 4 of amplifiers 5RS, 5VF and 5VG 
are multiples to lead 2B1 which is connected to the power 
supply, or source 2PS, and terminals 5 are multipled to 
to lead 2B2 which is also connected to source 2PS. 
The source 2PS, which is a rectifying and filtering 

network, receives alternating-current power, phantomed 
over the control pairs 4CPS-2 from the central office, 
and transforms it to the various direct-current potentials 
that are utilized in the line concentrator 10. All the 
power that is utilized in the line concentrator i16 is 
supplied from the central office through the control pairs 
24 CP1-2 and the power source 2PS. 
At the central office a line concentrator power supply 

9PS, mentioned above, provides 115-volt alternating cur 
rent through the transformer 34TC, which has a grounded 
center tapped secondary, to the center taps of the retard 
coils 4C and 4C2. The coil 14C, is connected across 
the central office end of the control pair 14CPi, and the 
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coil 14L2 is connected across the central office end of 
the control pair 14CP2. 
The control pairs 14CP-2 are connected, respectively, 

at the line concentrator 110 to the retard coils 5L1 and 
5L2, and the center taps of coils 5L1 and SL2 are con 
nected, respectively, through leads 2L and 2L2 to the 
power source 2PS. The use of retard coils may be avoid 
ed by connecting directly to the center taps of the second 
aries of transformers 14T-2 and 5T1-2. The alternat 
ing-current power is phantomed over the two control pairs 
14CP1-2 and then returned to its original condition over 
leads 2L and 2L2. The phantomed power does not 
interfere with the scanning operation since both the tip 
and ring of each of the control pairs 4CP-2 have the 
same, or in phase, power current. 
The leads 2L and 2L2 are connected to the serially 

connected primaries of the power transformers 2P2-4. 
The transformers 2P1-4 may effectively be one trans 
former with a single primary and four secondaries. The 
transformers 2P1-4 supply power, respectively, for the 
--30, -65, -20 and --5 volt direct current supplies. 
The four alternating voltages arc rectified by the bridges 
2V-4, regulated and filtered by the capacitors 2C-4 
and associated circuitry, and then supplied to leads 
2B4-2. The total power consumption of one of the con 
centrators 10-9 at the central office is between 3 to 5 
watts depending upon the number of connections being 
held and the insulation resistance of the connecting lines. 
The bridges 2V1-4 each comprise four diodes 2D1-4, 

with the secondaries of transformers 2P1-4 being con 
nected to the junction between varistors 2D1 and 2D2, 
and to the junction between varistors 2D3 and 2D4. The 
right junctions, or the junctions between varistors 2D2 
and 2D3, of bridges 2V1-4 are the positive terminals and 

Lead 2B1, ' 
which is connected to the right junction of bridge 2W4, 
the left junctions are the negative terminals. 

is the +5 voit supply lead. The capacitor 2C4 which is 
connected between the right and left junctions of the 
bridge 2V4 regulates the voltage and suppresses ripples. 
The left junction of bridge 2V3 is connected through re 
sistor 2R2 to the – 20 volt lead 2B2. Lead 2B2 is con 
nected through the filter consisting of capacitor 2C3 and 
resistor 2R3 to the left junction of bridge 2V4 which is a 
common junction point or ground. The left junction 
of bridge 2V2 is connected through resistor 2R5 to the 
-65 volt lead 2B3. Lead 2B3 is connected to another 
common junction point through varistor 2D5, and ca 
pacitor 2C2. The right junction of bridge 2V is con 
nected to the --30 volt lead 2B4. Lead 2B4 is shunted to 
the Second common junction point through the resistor 
2R and the capacitor 2Ci. One of the four capacitors 
2C4-1 shunts each of the direct-current power leads 
2Bi-4 to a common junction point to filter ripples and 
to provide voltage regulation. 
The feads 2B1 and 2B2, as described above, are con 

nected to terminals 4 and 5, respectively, of the A ampli 
fiers 5RS, 5VF and SVG. With the exception, therefore, 
that the power is supplied externally from the central 
office, the A amplifiers SRS, SVF and 5VG are similar to 
the amplifier 8VFA described above. 

Returning now to the normal scanning sequence the 
vertical file, vertical group and reset pulses are trans 
mitted, respectively, through the control pairs 14CP1-2 
to the amplifiers 5VF, SVG and 5 RS. The amplified 
vertical file pulses are supplied from the output terminal 
2 of the A amplifier 5VF through lead 5L3 to the input 
terminals 1 of the five-stage vertical file ring counter 
4VF. The counter 4VF is similar to the ring counters 
25VFR and 13VFC, described above, with the excep 
tion that the power is supplied externally from the source 
2PS. Stage 4VF0 of the ring counter 4VF is shown in 
detail. All the circuit components are the same as the 
stage 13VFC0 in counter 13VFC, with the first digit of 
each designation being 4 instead of 13. Terminal 9 of 
stage 4VFO is connected through lead 3GSL to the first 
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common junction point, or ground, of the power supply 
2PS. Terminal 9 is, therefore, a ground connecting termi 
nal. Terminal 6 of stage 4VF0 is connected through the 
lead 3B1 to the --5 volt lead 2B1 of the source 2PS, 
and terminal 3 of stage 4VF0 is connected through the 
-20 volt lead 7L1, and lead 5L4 to the -20 volt lead 
2B2 of source 2PS. The ground, --5 and -20 volt po 
tentials are, in this manner, supplied to stages 4VF0-4 
of counter 4VF which is otherwise similar to counter 
3VFC described above. 
The vertical group pulses received by the vertical group 

amplifier 5VG are supplied from the output terminal 2 
thereof through lead 5L5 to the terminals of the stages 
7VG0-11 of the vertical group ring counter 7VG. Ex 
cept for the external potential sources, the counter 7VG 
is similar tó the vertical group counter 13VGC, described 
above. Terminals 9 are connected to ground, terminals 
6 to lead 2B1 and terminals 3 to lead 2B2 in a similar 
manner as described above in reference to the counter 
4VF. 
The amplified reset pulse from the amplifier 5RS is 

supplied from the output terminal 2 through lead 5L6, 
the capacitor 2RS, lead 2L4 and the varistors 4D7 and 
7D7, respectively, to the reset terminais 4 of the stages 
4VF1-4 and 7VG1-11. The reset pulse is also supplied 
from capacitor 2RS through the varistors 4D1 and 7D1, 
respectively, to the terminals 7 of stages 4VF0 and 7VG0. 

Capacitor 2RS is also connected through varistor 2D7 
to the reset terminal 3 of the flip-flop circuit 2M, which 
is similar to the flip-flop circuit 8 BCE described above. 
The function of circuit 2M is hereinafter described. The 
resistors 2RS and 4RS1 provide a recharge path to ground 
for the capacitor 2RS. The circuit 2M is similar to 
the circuit 8 BCE except that the designations are different 
and the power is externally supplied. Terminal 4 is con 
nected to ground potential at the left junction of the 
bridge 2V4, terminal 5 is connected to the +5 volt lead 
2B1 and terminal 6 is connected to the -20 volt lead 
2B2. 
The counters 4VF and 7VG are stepped, by the verti 

cal group, vertical file and reset pulses in synchronism with 
the counters, 13VFC and 13VGC and with the counters 
25VFR and 26VGR. As long as there are no service re 
quests from any of the 60 subscriber lines 3L00-59 con 
nected to concentrator 10, or a terminating call thereto, 
the twelve sets of counters, two in the central office and 
one in each of the line concentrators 10-9, synchronously 
step through the count of 60 with a reset pulse being sup 
plied at the beginning of each cycle to insure synchroniza 
tion. 
At each combination of operated counter stages 

7VG0-11 and 4VF0-4 a pulse is directed to scan one 
of the 60 lines 3L00-59 by the line scanning units 
3LS60-59. Only line 3L90 and unit 3LS90 are shown in 
the line concentrator 119. Each of the line scanning 
unit 3LS00-59 has two gating circuit components, one 
controlled by the counters 4VF and 7VG and the other 
controlled by the condition of the associated line. The 
first gating circuit component which includes the varistor 
3D functions as an enabling or readying component for 
the scanning unit. 

75 

The ring counter 7VG functions to successively ready 
groups of five line scanner units at a time by changing the 
reverse bias across the varistor 3D from -20 volts to -2 
volts. When the stage 7VG0, for example, is set, a 
positive pulse is provided from the output terminal 2 there 
of through lead 7L2, resistor 3VG of the line scanner 
units i 3LS00-4 to the respective varistors 3D. Ti he five 
varistors 3D in the units 3LS00-4 become biased to allow 
the passage of pulses from the ring counter 4VF through 
capacitors 3VF. The varistors 3D in the other 55 units 
3LS05-59 are reversed-biased by the -20 volt potential 
at terminals 2 of stages TVG1-11, 
The ring counter 4VF provides scanning pulses succes 

sively to twelve, line scanning units at a time. When 
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Stage 4VF0, for example, is set, a positive pulse is pro 
vided from the terminal 2 thereof to the capacitors 3VF 
in the units 3S06, 3LS65, 3LS10, 3LSi5, 3LS20, 3LS25, 
3LS36, 3LS35, 3LS46, 3LS45, 3LS50 and 3LS55. Of 
these, only the unit 3LS08, however, has been readied at 
this tij ne by the ring counter 7VG. The positive pulse 
from terminal 2 of relay 4VF0, therefore, is supplied 
through the capacitor 3VF of the unit 3LS00, varistor 
3D and capacitor 3C to the varistor 3S. The varistor 3S 
is part of the Second gating circuit component which is 
controlled by the line condition. 

Each line has associated therewith a resistor 3GS, 
which is connected from the tip lead T of the line to 
the H-5 volt lead 2B1, and a resistor 3ES, which is con 
nected from the ring lead R of the line through the 
varistor 2ES to the -20 volt lead 2B2. If the Subscriber 
line 3S00 is open, the -20 volts on lead 2B2 functions 
to reverse-bias the varistor 3S so that the scanning pulse 
from the ring counter 4VF is not transmitted through the 
varistor 3S. When, however, the subscriber line 3L00 
is in a calling condition, with the line closed, a circuit 
is completed from lead 2B1 through resistor 3GS, Sub 
station 3S60, resistor 3ES and varistor 2ES tolead 2B2. 
The potential at the junction between varistor 3S and 
capacitor 3C becomes sufficiently positive to allow the 
scanning pulse from the ring counter stage 4VF0 to pass 
through the varistor 3S and lead 3SR to the input terminal 
i of a service request B amplifier 2SR. 
The amplifier 2SR and the line busy amplifier 2LB, 

which is shown in detail, are B-type amplifiers similar 
to the B amplifier 8TPA, described above. The com 
ponents are similar but the designations have first digit 
of 2 instead of 8 and the --5 volt and -20 volt source is 
supplied externally from leads 2BE and 2B2, respectively, 
through terminals 3 and 4. The input terminal of the 
amplifier 2SR is connected to a grounded varistor 2SRV. 
The varistor 2SRV, which is shunted by the resistor 2SRR, 
functions to couple negative pulses or potentials to ground. 
The scanning units 3LS60-59 in this manner allow 

the vertical file pulses to pass through as a service re 
quest pulse, when both gating circuit components are 
enabled. The first component, which includes varistor 
3D, is enabled by the counter 7VG, and the second com 
ponent, which includes varistor 3S, is enabled when the 
associated line is closed. 
The service request pulses from the amplifier 2SR are 

supplied over the control pairs 14CP1-3 to the central 
office. In this manner, the vertical file pulse from the 
counter 4VF is transformed by the scanning unit 3LS60 
to a service request pulse and returned to the central 
office. 

If line 3L0 is connected to one of the trunks 6T0-9, 
and is therefore in a busy condition, the varistor 3S, 
as is hereinafter described, is reverse-biased. The verti 
cal file pulse from stage 4VF0 is then supplied by the 
unit 3LS00 to the central office through the line busy 
amplifier 2LB. 
The sequence of operations for returning the line busy 

pulse, is hereinafter described, after the sequence of op 
erations for establishing a connection from the line 3L00 
to one of the trunks 6T6-9 is described. 

If all the lines 3L06-59 remain idled, the scanning se 
quence continues under control of the three sets of pulses, 
the vertical group, the vertical file and the reset pulses 
from the central office. Each vertical group pulse readies 
five line scanning units and each vertical file pulse scans 
one of the five readied line scanning units. In this man 
ner the five readied line scanning units are successively 
scanned by the five vertical file pulses which occur be 
tween two of the vertical group pulses. At the time posi 
tion for the first vertical file pulse the vertical file pulse is 
actually omitted, as described above, and a reset pulse 
is transmitted from the central office to insure that the 
counters 7VG and 4VF are in the start position. The 
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stage 4VF0, however, is turned on by the reset pulse and 
supplies a pulse to the scanning unit 3LS00. 

Originating call 
When a call is initiated at one of the substations 

3S0-59, a vertical file pulse from the ring counter 4VF 
is transformed by the scanning units 3LS00-59 to a serv 
ice request pulse. If the call originates at line 3L14, 
the scanning unit 3LS14 functions to provide the service 
request pulse. The service request pulse is supplied 

primary winding of transformer ST3. The lower primary 
winding of transformer ST3 is shunted by the varistor 
52 and connected through lead 5L4 to the -20 volt 
lead 282. The secondary of the transformer ST3 is 
CCinected through the control pair 14CP3 to the trans 
formé, i4T3 in the concentrator control circuit 120. 
The lower primary winding of transformer 14T3 is con 
nected through the resistor 4R7 to the input terminals 
i and 3 of the A amplifier 18SRL. The amplified serv 
ice request pulse is supplied from the output terminal 2 
of the amplifier 8SRL through the open inhibiting gates 
18CHC and 8SRS to the input terminal 1 of the flip 
flop circuit 2: HGT. 

in this nanner, the service request pulse, from the 
line concentrator i0, is transmitted over the control pair 
54CP3 to set the horizontal group flip-flop circuit 2HGT 
in the concentrator control circuit 26. The circuit 
2:HGT in circuit 120 is associated individually with the 
conceintrator 18, and indicates at the central office which 
of the concentrators 10-9 have originated the call. 
The gate i8CH0 is normally open having the battery 

53Bi connected through resistors 18R and 18R2 to 
its control terminal 3. The gate 18CH0 is closed when a 
flip-flop circuit 2 HSS is set to indicate that the control 
circuit 20 is serving a call. The operation of the circuit 
2i HGS is hereinafter described. Its output terminal 2 
is connected to the control terminal 3 of gate 18CH0 
through leads 7ST, varistor i8D and resistor 18R2. 
Gate 8CH6 is also opened under control of a traffic 
recorder 34, shown in Fig. 9, which may of the type dis 
closed in the application of W. R. Young, Jr., Serial No. 
455,154, filed on September 10, 1954. The traffic recorder 
34 periodically records the line conditions during a scan 
ning cycle. When the traffic recorder 134 is recording, 
it provides an inhibiting potential through lead 18TR, 
varistor 802 and resistor 18R2 to the control terminal 
3 of gate 180H0. Periodically, therefore, the control 
circuit 20 is insensitive for a scanning cycle to service 
requests from the concentrator 10. 

Returning now to the originating call sequence, when 
the flip-flop circuit 2:HGT operates, it functions gen 
erally to stop the transmission of the vertical group pulses, 
but not the vertical file pulses to the concentrator 10, 
and to lock the register counters 25VFR and 26VGR, 
described above, to register the designation of the calling 
line. The vertical file pulses to the concentrator 110 
are uninterrupted, so that the five lines in the vertical 
group, which includes the line requesting service, are 
scanned every 10 milliseconds. Each time the requesting 
line is scanned, another service request pulse is returned 
over the control pair i4CP3 to the central office. The 
Successive detection of these service request pulses, as 
is hereinafter described, verifies the continuance of the 
service request, if a successive service request pulse is 
not detected it indicates that the service request has been 
abandoned. The successive detection feature prevents 
unnecessary central office equipment usages due to mo 
mentary closures on the line. 
More specifically, the change from -20 volts to -2 

volts at the output terminal 2 of the flip-flop circuit 
21HGT performs the following functions: 

(1) It opens the enabling gate 7VF to connect the 
reset pulses from the pulse generator 130 to the concen 
trator i0 as vertical file pulses. Reset pulses from the 
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generator 130 are supplied through lead 8RS, gate 17VF, 
gate 17VFS, capacitor 7C2 and amplifier 17VFL to 
lead 17VF. The reset pulses are supplied as vertical 
file pulses because the vertical file pulse is blanked when 
the generator 130 supplies a reset pulse. To cyclically 
scan a vertical group, one vertical file pulse is provided 
for each of the five lines in the group. If the service 
request was initiated, for example at line 3L55, the ver 
tical group counter 7VG is stopped, as is hereinafter 
described, at stage 7VG11. The next four vertical file 
pulses, following the service request, scan lines 3L56-9. 
The fifth vertical file pulse, however, is blanked, and the 
generator 130 provides a reset pulse instead. The reset 
pulse is made to function as the second and succeeding 
vertical file pulses for line 3L55. Successive defection 
of service requests is necessary at the central office so 
that the reset pulse is provided, in this manner, to the 
concentrator 110 as a vertical file pulse. 

(2) Circuit 21HGT also opens the enabling gate 
18SRC to direct subsequent service request pulses from 
the line concentrator 110 through the amplifier 18SRL, 
gate 18SRC, the B amplifier 22RLD1, capacitor 22C, 
and the delay circuit 22RLD2 to the reset terminal 3 of 
the flip-flop circuit 22RL. The next service request from 
concentrator 10 indicates the continuation of the dial 
tone request. As is hereinafter described, the circuit 
22RL monitors the dial-tone request. 
The delay circuit 22RLD2 is a monostable amplifier 

having transistors 22T1 and 22T2 connected in a hook 
arrangement. The output terminal 2 of annplifier 22RLD 
is connected through capacitor 22C and the input 
terminal 1 of circuit 22RLD2, directly to the base elec 
trode of transistor 22T, and also through the varistors 
22V5 and 22W6 to the emitter electrode of transistor 
22T1. The varistor 22V5 is reverse-biased by the capaci 
tor 22C, which is charged by the -20 volt battery, not 
shown, in amplifier 22RLD. Varistor 22W6 is for 
ward-biased by battery 22B7, which is connected thereto 
through resistor 22R5. Waristor 22W6 is also connected 
through capacitor 22C2 to battery 22B6, and to terminal 
1 through resistor 22R4. The positive pulse provided by 
the differentiating capacitor 22C does not trigger circuit 
22RLD2, as the emitter and base potentials are the same 
when varistor 22V5 is forward-biased. The trailing edge 
of the positive pulse from amplifier 22RLD, however, 
provides a negative pulse to the base of transistor 22RLD2 
causing circuit 22RLD2 to trigger. The delay provided 
for the second service request pulse is essentially the 
length of the pulse provided by amplifier 22RLD, since 
the trailing edge thereof is utilized to trigger the circuit 
22RLD2. Additional, though minor, delays are pro 
vided through the control pair 4CP3, but the additional 
delay provided by circuit 22RLD2 is necessary to allow 
for the complete operation of the flip-flop circuit 22RL. 
If the second service request pulse arrives during the 
triggering interval of circuit 22RL it is ineffective to reset 
the circuit 22RL, and results in an abandonment indica 
tion of the call. The emitter electrode of transistor 22T2. 
is connected to battery 22B7 through resistor 22R6 and 
to the output terminal 2. The succeeding service request 
pulses will be provided, in this manner, from the output 
terminal 2 of circuit 22RLD2 to the reset terminal 3 of 
the flip-flop circuit 22RL. 

(3) Circuit 2HGT also closes the inhibiting gate 
17WGS2 which blocks the vertical group pulsing from 
generator 130 to the line concentrator ii 2. The vertical 
group pulses were supplied to the concentrator is from 
the generator 130 through lead 13VG, the gates 7VGS2 
and 17VGS, amplifier 7VGL, lead 17VG, transformer 
4T2 and the control pair 4CP2. At the concentrator 
110 stage 7VG2 remains set when the service request is 
from line 3L14. 

(4) Circuit 21HGT also closes the inhibiting gate 
22RRG to block the reset pulses from resetting the ring 
counters. 25VFR and 26VGR in the register 31. Reset 
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pulses were supplied to the counters 25 VFR and 26VGR 
from the generator 30 through lead 8RS, gate 22RRG 
and amplifier 22RR. As is hereinafter described, the 
register counters 25VFR and 26VGR remain set at the 
identity of the calling line. 

(5) Circuit 21HGT also closes the inhibiting gate 
17 RS2 to block the transmission of the common reset 
pulses to the line concentrator i20 as reset pulses. Reset 
pulses were supplied to the concentrator 10 from gen 
erator 138 through lead 8RS, gates 7RS2 and 7RS1, 
capacitor 7C3, amplifier 17RL, lead : 7RS, transformer 
14T2 and control pair 14CP2. As described above, the 
reSet pulses are Supplied to concentrator 3 as vertical 
file puses. 

(6) Circuit 2HGT also causes the operation of the 
horizontal group relay 21HGT) which is connected to 
battery 21B1. 

(7) Circuit 2:HGT also sets the flip-flop circuit 22RH, 
and closes the gate 22RH1. The output terminal 2 of 
circuit 2; HGT is connected through varistor 27 D3 to 
the input terminal 1 of circuit 22RH. Terminal of 
circuit 22RH is also connected to battery 22B2 through 
resistor 22R2. The inhibiting gate 22RH provides a 
connection from the timing pulse lead 3TP, from gen 
erator 130, to the reset terminal 3 of the flip-flop circuit 
22RH. Circuit 22RH is reset by the next timing pulse 
when the gate 22RHE is open. With the gate 22RH1 
closed, the timing pulses are not effective to reset cir 
cuit 22RH. 
When the flip-flop circuit 22RH is set it performs a 

number of functions: 
(1) It closes the inhibiting gates 22WGR and 22WFR 

to disconnect counters 25VFR and 26VGR from the 
generator 30 so that they register the identity of the 
calling line. The service request pulse is returned to 
the central office, and gates 22VGR and 22VFR are 
closed before the next vertical group or vertical file pulses 
are Supplied from the generator E30. The register 13. 
remains set at the vertical group and vertical file identity 
of the service requesting line. 

(2) It closes an inhibiting gate 8SRS in each of 
the concentrator control circuits 28-9. The gate 23SRS 
opens the input lead to the flip-flop circuit 2 HGT. Cir 
cuit 2HGT in the concentrator control 129 however, 
remains set until a reset pulse is applied thereto. The 
inhibiting gate E8SRS remains closed until the central 
office is normal and ready to accept other service re 
quests. It is possible that more than one of the circuits 
2HGT will be set simultaneously as a result of a coin 
cidence in Service requests from corresponding numbered 
lines at different concentrators. In such a case, the de 
cision as to which of the concentrators 1 G-9 to be served 
is left to the marker 140, as it would normally decide 
which horizontal group to serve. It is impossible to have 
more than one circuit 2: HGT operated due to differently 
numbered lines at different concentrators because they 
are scanned at different times. When the first circuit 
2HGT operates, it insensitizes the others to service 
requests. 
To briefly recapitulate, the effect of a service request 

pulse from the line concentrator it is to operate the 
flip-flop circuit 21HGT which stops the register counters 
25VGR and 26VFR and the transmission of yertica 
group pulses to the line concentrator í ä ö, It aiso stops 
the transmission of reset pulses to the line concentrator 
110 as reset pulses, but sends them as vertical file pulses 
to the line concentrator E0. This is necessary since the 
generator 30 does not provide a vertical file pulse for 
line 3L60 and the reset pulse functions to provide a 
scanning pulse therefor at the concentrator 0. The 
generator 130 will provide a reset pulse as a vertical file 
pulse to the concentrator 110 once each 120-millisecond 
cycle. 
When relay 21HGTO operates, it connects the -20 volt 

battery 25B to one side of the windings of five relays 



29 
25VFTG-4. The windings of relays 25VFT0-4 are also 
connected, respectively, through the varistors 25V0-4 to 
the output terminals 2 of the stages 25VFR0-4 in the 
counter 25VFR. When relay 21HGTO operates, it also 
connects the battery 26B1 through its contact 23 
(2AHGT), to the windings of the twelve relays 26VGT0 
E. The windings of relays 26VGT8-il are connected, 
respectively, through the varistors 26V0-11 to the output 
terminals 2 of the stages 26VGR-21. With the counters 
25VFR and 26VGR stopped on the line location of the 
calling Subscriber, a -2 volt potential is on the other side 
of the winding of one of the relays 25VFTO-4, and on 
the other side of the winding of one of the relays 26VGT0 
11 causing them to operate. If the line 3Li4 is the origi 
nating line, relays 25WFT4 and 26VGT2 are operated. 
When one of the relays 25VFT0-4 operates, it closes a 

path from the corresponding one of stages 3VFC-4 in 
generator 30 to the input terminal 1 of the flip-flop cir 
cuit 22RL. The output terminals 2 of stages 13VFC0-4 
are connected, respectively, through capacitors i3Ci-i5, 
shunted to ground through resistors 13R:19-23 to the con 
tacts 13(25VFT0-4). With the relay 25VFT4 operated, 
When the stage 3VFC4 is set, a pulse is provided through 
contact 3 (25VFT4), lead 17L5 and the varistor 22D3 
to set the flip-flop circuit 22RL. The terminals of varistor 
22D3 are connected to ground through the resistors 22R7 
and 22R3. If the circuit 22RL remains set, it resets the 
circuit 2: HGT to return the central office to normal. 
The pulse generator 130 continues to supply the reset, 

vertical group and vertical file pulses. As described above, 
however, the only pulses that are sent to the line concen 
trator 110 are the vertical file pulses. Every time the 
vertical file pulse corresponding to the calling subscriber 
is sent, which is once every 10 milliseconds, a service re 
quest pulse is returned to the central office. As described 
above, the service pulse is supplied through the B amplifier 
18SRL, the open gate 18SRC, the B amplifier 22RLDi 
and delay circuit 22RLD2 to the reset terminal 3 of the 
flip-flop circuit 22RL. The circuit 22RL is set by the ver 
tical file pulse corresponding to the calling line from 
counter 13VFC, and is reset by the service request pulse 
which is delayed by the circuit 22RLD2. If the subscriber 
abandons the call, and the succeeding service request 
pulses are not received, circuit 22RL remains set, keeping 
the enabling gate 22RL1 open, to allow the next timing 
pulse, through lead 8TP, to pass through gates 22RL and 
2ARL, capacitor 21C1, and the amplifier 21HGTA to re 
set the flip-flop circuit 2HGT. 
The amplifier 21 HGTA is of the type described in the 

copending application of Baker-Sumner, Serial No. 
495,312, which was filed on March 18, 1955. The am 
plifier 21HGTA provides a relatively long pulse, having 
a duration of approximately 1000 microseconds to the 
reset terminal 3 of circuit 2HGT. A long pulse is re 
quired, when service denial is provided, to inhibit the cir 
cuit 21HGT during the time the denial is being established. 
The service denial feature is hereinafter described. 
The pulse through gate 21RL and capacitor 21C1 is 

supplied through resistor 21R1 and capacitor 2C5 to the 
emitter electrode of transistor 21T2. Transistor 2 T2 is 
connected in a hook arrangement with the transistor 25T. 
The emitter electrode of transistor 21T2 is also connected 
through the relatively large resistor 2R3 to battery 2BS. 
The resistor 21R3 is large to allow for the provision of a 
long duration pulse. The resistor 21R, together with 
resistor 21R2 and varistor 21D1, determine the sensitivity 
of the amplifier 21HGTA and prevent triggering due to 
minor disturbances. The varistor 21D1, which is con 
nected between ground and battery 21BA, is normally for 
ward biased. When a positive pulse is supplied to the 
amplifier 2: HGTA, the varistor 21ED1 becomes reverse 
biased to allow the emitter potential to increase. 
The amplifier 21HGTA is a monostable trigger circuit, 

and includes pulse duration control elements which fix 
the termination point of the output pulse. A battery 
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21B3 is connected through resistor 21 R7 and varistor . 
21.D4 to the base electrode of transistor 21TH, The varis 
tor 2iD4 prevents negative excursions of the base potential 
below the clamping potential determined by battery 2B3. 
With the base potential clamped, in this manner, variation 
in the current amplification factor of the transistors 25 Tg. 
and 2 T2 does not vary the termination point of the pulse. 
The resistor 2 R7 is also connected to ground through 
resistor 2 R8 and also capacitor 2C3. The base electrode 
of transistor 21T is also connected to the emitter elec 
trode of transistor 2T2 through varistors 2D3 and 2: D2, 
and to ground through resistor 2: R6 and also through 
resistor 2iR5 and the emitter capacitor 21C4. The emit 
ter capacitor 2AC4 partially determines the pulse duration. 
The output from the amplifier 21HGTA is supplied from 
the emitter of transistor 2Ti which is also connected to 
battery 2, B2 through resistor 2 B2. 
The amplifier 2:HGTA supplies the long pulse to the 

reset terminal of circuit 21HGT. When the flip-flop cir 
cuit 2:HGT is reset, it causes the release of the relay 
2HGT), which, in turn, releases the operated ones of 
the relays 25VFT0-4 and 26VGT-51. When circuit 
21HGT is reset, it also restores the various gates to their 
normal scanning condition. The next reset pulse from the 
generator 136 causes the counters 25VFR and 26VGR 
in the central office, and the counters 4VF and 7VG in 
the line concentrator 10, to return to normal, and another 
line scan starting with line 3L00 is started. - 
With the assurance however that there is a constant 

dial-tone request, the call proceeds in a normal manner. 
The successive detection of the service request pulses 
verifies the continuance of the request, since the succeed 
ing service request pulses reset the circuit 22RL to disable 
the gate 22RL. With gate 22RL open, the timing pulses 
from generator 130 do not pass to reset the circuit 24 HGT. 
As described above, when relay 24 HGTC operates, it in 

turn causes one of the relays 25VFT0-4 and one of the 
relays 26VGT0-1 to operate. When relay 2AHGT0 
operates, it also provides an indication of the horizontal 
group to a line link marker connector 35. Each of the 
concentrators 110-9, or concentrator control circuits 
20-9, represents a horizontal group. There are ten re 
lays 2HGT0-9, one in each of the ten circuits 128-9, 
so that when contact 15 (2HGT9) closes an indication of 
the horizontal group 9, or line concentrator 240, is pro 
vided to the marker connector 135. The marker connec 
tor 135 and other functional circuits shown in Fig. 15, are 
of the type described in the above-identified patent to A. J. 
Busch. 
When one of the relays 26VGT0-1 operates, it pro 

vides an indication through its contact 115 (26VGT0—) 
to the marker connector 135 of the vertical group identity 
which also functions as a start signal for the marker 148. 
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When the marker 40 is seized, it receives from the 
line link marker connector 35 the vertical group and 
horizontal group identity of the calling line and concen 
trator, respectively. The marker 140 seizes the line link 
connector 36 which is associated with the line link frame 
41 associated with the ten concentrators 6-9. As 

described above, the ten concentrators ê—9 are con 
nected by the ten sets of trunks 6T0-9 to the central 
office. At the central office, the ten sets of trunks 6T6-9 
are connected, respectively, through the ten auxiliary 
crossbar switches 10CR8-9 of the primary of the line 
link frame to the ten crossbar switches 5CR)-9 of the 
secondary or junctor of the line link frame. Of the 
switches 10CR0-9, only the switch (CRS is shown. The 
switch 10CRG is individually associated with the line 
concentrator i0, the other nine switches (CRE-9, not 
shown, and their associated magnets are similar to the 
switch 10CR0. The other Switches 6GR5-9 are included 
in the box 1200, shown in Fig. 12. The trunk connections 
from box 290 to the concentrators 1-9, shown in Fig. 
18, are not shown. In general, the line link or relay 
control equipment in Figs. 10, 11 and 12, which is to the 



2,812,385 
31 

left of the cable 10C, is individual to the concentrators 
and the equipment which is illustrated to the right of the 
cable 10C is common equipment. In the general descrip 
tion above, the switches 10CR0-9 and 15CR0-9 are con 
sidered part of the frame 14 and the rest of the equip 
ment is part of a relay control and selector circuit 143. 
When the line link connector 136 is seized, it operates 

a number of relays, as hereinafter described, to initiate 
the selection of one of the ten trunks 6T0-9 which con 
nect the line concentrator 110, with the central office, 
The connector 36 also initiates an outpulsing operation 
over the three control paths 14CP1-3 to the concentrator 
110 in order to establish a connection from the calling 
line 3L14 to the selected trunk. 
When the line link connector 136 is seized, it operates 

one of the horizontal group relays 4HA0-9, the dial-tone 
relay 14D and one of the vertical group relays 14VG0-. 
When the call is originating from the line 3L14 terminat 
ing at the concentrator 110, the horizontal group relay 
14HA0 and the vertical group relay 4VG2 are operated. 
When the horizontal group relay 14HA0 operates, it sup 
plies the vertical file identity to the marker 140 through 
the line link connector 136. The vertical file information 
is supplied over an operating path from ground through 
the operated contact 15 (25VFT4) and the operated con 
tact 15(14HA0) to the line link connector. 136. The 
operation of relay 25VFT4 in the originating register 
131, as described above, readied this path for supplying 
the vertical file information to the connector 136. 
When the marker 140 receives the vertical file informa 

tion, it causes the line link connector 136 to operate a 
corresponding one of the vertical file relays 14VF0-4. 
In the example described above, with the call being ini 
tiated from line 3L44, the vertical file relay 44VF4 is op 
erated. The operation of the four relays 14HA0, 14VG2, 
i4VF4 and 14D gives the identity of the calling line and 
the concentrator and also the information that the call 
is an originating or dial-tone call. The operation of re 
lays 14HA0 and 14VG2 indicates the class of service to 
the marker 140. Ground is connected through contacts 
15 (14.VG2) and 15(14HA0), the class-of-service connec 
tion, and cable 15C to the connector 136. 
When the horizontal group relay 14HA0 operates, it 

also supplies a connection from the windings of relays 
10SM0-9 and from the sleeve lead of the horizontals or 
links 10L0-9 of the Switch, 10CR0 to the line link con 
nector 136. For example, the winding of the select mag 
net 10SM9 is connected through the operated contact 
10(14HAO), lead 15SM9 and cable 15C to the line link 
connector 136. The sleeve lead of the horizontal or link 
10L9 of switch 10CR0 is connected through the operated 
contact 10(14HA0), the normal contact 10 (16TC), lead 
15LL9 and cable 15C to the line link connector 136. The 
sleeve lead is also connected to the line link connector 
136 directly through contact 10(14HA0), lead 15LB0 
and cable 15C. The ten sleeve leads of the switch 10CR0 
can now be tested through leads 15LB0-9 for idle or busy 
condition by the marker 149. When, as is hereinafter de 
scribed, the marker 140 selects an idle one of the hori 
zontals iOL0-9, it operates the associated one of the select 
magnets 10SM0-9 by providing a ground connection on 
one of the leads 15SMO-9. 
When relay 14D is operated, it in turn causes the op 

eration of the trunk connect relay 16TC. The operating 
path for the relay 16TC is from battery 16B1 through 
the lamp 16TSL, the operated contact 16(14D), the serial 
ly connected normal contacts 16(16TS0-5) and the nor 
mal contact 16 (14CBF) to the winding of relay 16TC. 
There are six trunk selecting relays 16TS0-5 which estab 
lish the trunk preference. 
When the trunk connect relay 16TC operates, it opens 

the connection from the line link connector 136 through 
leads 15LL0-9 to the sleeve, lead of the crossbar switch 
10CR0 and grounds the leads 15LL0-9. The relay 16TC, 
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however, remains operated only for a brief interval until 
one of the trunk selecting relays 16TS0-5 is operated. 
When any of the relays 16TS0-5 operates, it opens the 
operating path for the relay i6TC causing it to release, so 
that the connection from leads 15LL0-9 to the sleeve 
leads is soon reestablished. 
When relay 16TC operates, it generally causes the op 

eration of six trunk preference, or trunk select, relays 
16TS0-5. The windings of relays 16TS4 and 16TS5 are 
connected directly to the contacts 11(16TC), and the 
windings of relays 16TS0-3 are connected, respectively, 
through the operated contact 16 (14.VG2) in accordance 
with the table shown in Fig. 29 to contacts 11(16TC). 
Fig. 29 indicates the contacts of the relays 14VG0-4 
which are connected to the winding of relays 16TS0-3. 
For relay 14VG2, for example, contact 6 is connected 
to the winding of relay 16TS0, contact 2 is connected to 
the winding of relay 16TS1, contact 1 is connected to the 
winding of relay 16TS2, and contact 5 is connected to 
the winding of relay 16TS3. The contact numbers in 
dicate the association with the trunks 6T0-9. Contact 
6, for example, indicates the connection is for trunk 
6T6. The eight contacts 1-8, to which the windings of 
relays 16TS0-3 are connectable, are in turn individually 
connected to eight contacts of relay 16TC. The windings 
of relays 16TS4-5 are also connected to contacts of re 
lay 6TC, so that ten contacts of relay 16TC are utilized 
for establishing operating paths to the windings of re 
lays 16TS0-5. Each of these ten contacts of relays 16TC 
is connected to one of the batteries 10BC-9. When relay 
6TC operates, it extends, respectively, the paths from 

the windings of relays 16TS0-5 through the operated con 
tacts 11(14HA0), the normal contacts 13(40SR0-9) and 
the resistors 10TS0-9 to the batteries 10B0-9. Since there 
are only six trunk select relays 6TS9-5, only six such 
connections are established. With relay 14VG2 operated, 
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the windings of relays 16TS0-5 are connected, respective 
ly, through the resistors 10TS6, 1GTS2, 10TS1, 10TS5, 
0TS8 and 10TS9 to the associated ones of the batteries 
0B0-9. The windings of the six relays 16TS0-5 are, in 

this manner, respectively connected through the normal 
contacts of six of the slow release relays (SR6-9 (10SR6, 
18SR2, 10SR, 10SR5, 10SR8 and 10SR9). The wind 
ings of relays 16TS4 and 16TS5 are always connected 
through the normal contacts of relays 16SR8 and 10SR9, 
and the windings of the other four relays i6TS0-3 are 
connected through normal contacts of four of the eight 
slow release relays 10SR0-7. The operation of the verti 
cal group relays 14VG0—11. determines which four of 
the relays 10SR0-7 are to be utilized. 

There is one set of slow release relays 10SR0-9 for 
each of the ten crossbar switches 10CR0-9. The opera 
tion of the relays 14HA0-9, as described above, deter 
mines which one of the crossbar switches 10CR0-9 is to 
be utilized to service the call. The relays 10SR0-9 are 
normal when the associated trunks 6T0-9 are idle be 
cause trunks 6T0-9 are connected to the verticals of the 
switch 10CR0. If trunk 6T6, for example, is busy, 
the hold magnet 10HM6 is operated, and a path is com 
pleted through the operated contact of relay 10HM6 for 
the relay 10SR6. With the relay 10SR6 operated, the 
operating path for the trunk select relay 16TS0, through 
the normal armature of relay 10SR6, is not completed. 
In this manner, the trunk select relays 16TS0-5 are op 
erated upon the operation of relay ióTC only if the as 
sociated ones of the trunks 6T0-9 are idle. With all 
trunks 6T0-9 idle, as described above, all six trunk 
select relays 16TS0-5 are operated. 
There are ten relays 10SR0-9, as described above, that 

are utilized, and only six trunk select relays 6TS0-5. 
The contacts of relays 19SR0-9 that are not connected to 
the windings of one of the relays 16TS-5 are connected 
to one of the four resistors 16E-H. The resistors 16E-H 

i terminate the connections from the four non-used con 
75 tacts of relays 10SR0-9. Fig. 29 illustrates the connec 
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tions of resistors 16E-H to the contacts of relays 14VG0 
11. The resistors 6E-H function as locking paths for 
the four non-used ones of relays 10SR0-9. The paths. 
through the windings of relays 16TS0-5 function as lock 
ing paths for the other six of relays 16SR8-9. The lock 
ing paths are utilized during the trunk selection opera 
tion to prevent the release of any operated ones of re 
lays 10SR0-9 until the trunk selection operation is com 
pleted. When cne of the hold magnets OHM0-9 is re 
leased, the associated one of relays 10SR0-9 therefore 
remains operated during the trunk selecting operation. 
It is necessary to hold up the release of an operated one 
of relays 0SR0-9 to prevent sending a disconnect signal 
to the concentrator 10. 
As described above, the windings of relays 16TS0-5 

are connected through contacts of six of the ten relays 
10SR0-9 which are associated individually with the 
trunks 6T0-9. The six associated ones of the ten trunks 
6T0-9 are referred to as being in the same multiple. At 
the line concentrator 110, the calling line 3L14 is con 
nectable to any one of the six trunks in the multiple but 
not to the other four. Fig. 30 illustrates the possible con 
nections from line to trunk. For the line 3L14, for 
example, a connection may be established to any one of 
the trunks 6T, 6T6, 6T2, 6T5, 6T8 and 6T9. A con 
nection cannot be established from line 3L14 to any one 
of the trunks 6T3, 6T4, 6T7 and 6T0. 

If all six trunks of the multiple are idle, all six relays 
16TS0-5 are operated when relay 16TC operates. The 
relays 4VG)-11 effectively determine the multiple at 
the central office just as the line circuit connections do, 
as hereinafter described, at the concentrator 110. It is 
necessary, of course, for the multiple at each end to be 
the same. 
When any one of the relays 16TS0-5 operates, it opens 

the operating path through its normal contact for the 
relay 16TC, causing it to release. When the relay 16TC 
releases, it in turn releases all except one of the relays 
16TS0-5. The operated one of the relays 16TS0-5, 
which has the lowest designation, remains operated and 
the others release. When all six relays 16TS0-5 were 
operated, the release of relay 16TC in turn releases 
relays 16TS1-5 with the relay 16TS0 remaining operated. 
When relay 16TS0 operates, it locks to battery 16D1 
through its operated contact and the closed contact 
í6(14D). In this manner, when relay 16TC releases, 
only one of the six trunk select relays 16TS0-5 remains 
operated. When the trunk select relay 16TS0 operated, 
it opened the locking paths for the other five trunk select 
relays 16TS1-5. 
The relays 16TS0-5 provide for the preference Selec 

tion of the six trunks connectable to the calling line 
3L14. When relay 16TS0 is operated, it indicates that 
the preferred trunk, which is connectable to the calling 
line, is idle, and that a connection is to be established 
thereto. When the call is initiated at the subscriber line 
3L14, the preferred trunk is trunk 6T6, as shown in Fig. 
30. In the preference column of Fig. 30, the preference 
is from left to right. For line 3L14 the trunk preference 
is 6, 2, 1, 5, 8, 9. 

During the time that the trunk selecting sequence of 
operation occurs, the marker 140 selects an idle connec 
tion through the trunk link frame 142 and switches 
15CR0-9 to one of the horizontals or links 10L0-9 of 
the crossbar switch 10CR0. If the horizontal 10L9 is 
utilized, the line link connector 136 closes an operating 
path through cable 15C, lead 15SM9, and the contact 
10(14HA0) to the winding of the select magnet 10SM9 
causing it to operate and switch 15CR0 is operated. 
With only one of the trunk selecting relays 16TS0-5 
operated, when the select magnet 10SM9 is operated, an 
operating path is provided for the trunk relay 16TSK. 
The operating path for relay 16TSK is from ground 
through the operated contact 16(10SM9), the normal 
contact 16(16TC), the operated contact 16(16TS0), the 
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serially connected normal contacts 6(6TSE-5) and the 
winding of relay GTSK to battery 6B2. Relay i6TSK, 
is this manner, operates after the completion of the Selec 
tion of the preferred idle one of the trunks 6T0-9 by the 
relays 16TS0-5 and after the selection of an idle one 
of the links 10LO-9 by the operation of one of the select 
magnets 10SM0-9. 
When relay 16TSK operates, it readies a path from 

the -- 100 volt marking battery 12B2 to the tip lead of 
the selected trunk 6T6. The operating path for Supply 
ing the connect potential is completed when the relay 
i6CT operates. 

In this manner, when the marker 140 selects an idle one 
of the links 10LO-9, a path is readied to a preferred idle 
one of the six trunks connectable to line 3L14. If the 
switches 10CR0-9 are not utilized and the trunks 6T0-9 
are connected directly to the links 10L6-9, random slip 
multipling cannot be utilized without substantially modi 
fying the marker 140. Since the marker 140 selects any 
one of the idle links each trunk would have to be con 
nectable to each line. By utilizing the switches 10CR0-9, 
trunk multipling is available with the accompanying re 
duction in the number of crosspoints. In addition, by 
utilizing the switches 10CR0–9, the crosspoints may be 
locked, so that outpulsing is unnecessary, as is herein 
after described, to establish a call-back connection. Re 
lay 16CT1 is operated upon the completion of the out 
pulsing operation by the line selection and test circuit 
132. The outpulsing sequence of operation is concurrent 
with the trunk selection sequence of operation described 
above. The outpulsing sequence is initiated when the 
connector 136 supplies the line and concentrator identis 
fication from the marker 140. When the connector 136 
operates one of the horizontal group relays 14HA0-9, 
one of the vertical group relays 14VG9-11, one of the 

; vertical file relays 14VF0-4, and either the dial-tone re 
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lay 14D or the terminating call relay 14TER, a path is. 
readied for operating the flip-flop circuit 21HGS in the 
control circuit 120. The readied path is from ground 
through any one of the three normal contacts 21(16CT1), 

or 21 (14'TER), the operated contact 
21 (14D), the operated contact 2(4VF4), the operated 
contact 21 (14.VG2) and the operated contact 21 (14HA9) 
to the control terminal 3 of the enabling gate 21HG. The 
enabling gate 21HG is normally closed due to the con 
nection from the -20 volt battery 21B7 through the 
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resistor 21R10 to the control terminal 3 of gate 2HG. 
The relays 14 HA0—9 determine which one of the ten con 
trol circuits 120-9 is to be utilized and the vertical file 
relays 14VF0-4 and vertical group relays 14VG0-11 are 
multiplied to function merely as a check that one of 
each set is operated. In other words, when one of the 
twelve vertical group relays 14VG-11 and one of the five 
vertical file relays 4VF0-4 is operated, a path is ready 
for opening the horizontal group gate 21HG. The same 
readying path, which is completed for opening the gate 
21HG, also closes the inhibiting enabling gate 2HGR3. 
The inhibiting gate 22HGR3 is part of a reset path for 
the line select and test circuit 32 which is utilized after 
the outpulsing operation is completed. The reset path 
for the circuit 132 also includes an enabling gate 
21HGR1 which is kept open as long as any component 
of the circuit 132 has not been released. The input 
terminals 1 of the gates 21HG and 21HGR3 are con 
nected through the lead 8TP to the scanner pulse gen 
erator 130. After the gate 21HG is opened, the next 
timing pulse supplied from the scanner pulse generator 
130 passes through the gate 21HG to set the flip-flop, 
circuit 21HGS. There is one enabling gate 2AHG in each 
of the concentrator control circuits 120-9. Only the gate 
21HG in the circuit 120, however, has been opened, as 

5 

described above, due to the selective operation of the 
horizontal group relay 14HA0. Only the flip-flop circuit 
21HGS in the concentrator control circuit 120 therefore 
is set when the line link frame is seized by the marker 140, 
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The flip-flop circuit 21HGS switches the vertical file, 
vertical group and reset pulse paths to the control leads 
14CP1-3 to come from the line selection and test circuit 
132 instead of from the scanner pulse generator 130. 
More specifically, when the circuit 21HGS is set, it ac 
complishes the following functions: 

(1) The circuit 21HGS opens the enabling gate 17VFT 
and closes the inhibiting gate 17VFS. The open enabl 
ing gate 17 VFT provides a connection from the linese 
lection and test circuit 132 through the lead 19VF to the 
vertical file amplifier 17 VFL. The inhibiting gate 17VFS 
provided a connection from the scanner pulse 130 through 
the lead 8VF to the amplifier 17 VFL. As described 
above, when the service request pulse: is received at the 
concentrator control circuit 120, the vertical group and 
reset pulses are stopped, but the vertical file pulses are 
continued. When the flip-flop circuit 2HGS is set and 
closes gate 17VFS, the vertical file pulses are also stopped. 
Until the gate 17VFS is closed, the vertical file pulses are 
supplied from the scanner pulse generator 130 through 
the concentrator control. 120 to the concentrator 110. 

(2) The circuit 2i HGS opens the enabling gate 17VGT 
and closes the inhibiting gate F7VGS. The control ter 
minals 3 of the gates. 17VGT and 17VGS1 are connected 
through the lead 17ST to the output terminal 2 of the 
flip-flop circuit 21HGS. The enabling gate 17VGT now 
provides a connection from the line selection and test cir 
cuit 132 through the lead 9VG to the Bamplifier 17VGL 
through the capacitor 17C4. The inhibiting gate TVGS1. 
provided a connection from generator 130 through the 
lead 8VG to the amplifier 17VGL. 

(3) The circuit 21HGS also supplies a control potential 
through lead 17ST to the control terminal 3 of the en 
abling gate 17RST and the inhibiting gate 17RS1. The 
open gate 17RST provides a connection from the line 
section and test circuit 132 through lead 17RS to the 
amplifier 17RL. The inhibiting gate 17RS1 provided 
a connection from the scanner pulse generator 130 
through lead 8RS to the amplifier 17RL. As described 
above, the amplifiers 7 VFL, 17VGL and 17RL are 
connected, respectively, through the leads 17VF, 17VG 
and 17RS to the primaries of the transformers 14T1-3, 
the secondaries of which are connected to the control 
paths 14CP1-3. 

(4) The circuit 21HGS also provides a control poten 
tial through lead 17ST to the control terminal 3 of the 
enabling gate 17M causing it to open. The enabled gate 
17M provides a connection from the line selection and 
test circuit 132 through lead 19M to the B amplifier 17ML. 
The output terminal 2 of the amplifier 17ML is connected 
through lead 17M to the lower primary of the trans 
former 14T1. The lower primary of the transformer 14T1. 
is shunted by yaristor 14D2. 

In this manner, when the circuit 21HGS is set, it readies 
a mark pulsing path from the line selection and test cir 
cuit 132 to the line concentrator 110. As is hereinafter 
described, when mark pulses are supplied to the con 
centrator 110, a connection is completed from the calling 
line 3L14 to the selected trunk 6T6. 

(5) The flip-flop circuit 2HGS also opens the enabling 
gate 18LBT to allow any line busy pulse from the line 
concentrator 110 to be directed to the line selection and 
test circuit 132. 

(6) The circuit 21HGS also closes the inhibiting gate 
21RL to prevent the release of the circuit 120 due to the 
absence of a Service request pulse. As described above, 
when a service request pulse is not received after the 
operation of the flip-flop circuit 22RL by the vertical file 
pulse, the flip-flop circuit 21HGT is reset to release the 
concentrator control 120 as an indication of an abandoned 
call. When the flip-flop circuit 21HGS is set therefore 
switchhook supervision is ignored. Until circuit 21HGS 
is set, the absence of a service request pulse indicates an 
abandoned call, and circuit 120 is released, 
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(7) The output terminal 2 of the flip-flop. circuit 

21HGS is also connected through leads. 17ST and 
18HGS to the traffic recorder 134. The change in poten 
tial from -20 volts to -2 volts on lead 18HGS in 
dicates to the traffic recorder circuit 134 that the concen 
trator control, circuit 120 has switched the connections 
from the scanner pulse generator 130 to the line selection 
and test circuit 132. 

(8): The change in potential upon leads 17ST and 
F8HGS is also provided through varistor 18D1 and resistor 
8R2 to the control terminal 3 of the inhibiting gate 
18CHE). The gate 18CH0 is part of a service request path 
from amplifier 8SRL to the circuit 21HGT. The service 
request path was opened when circuit 21HGT was set and 
gate 18SRS opened. The gate 18SRS is also part of the 
service request path. Once the circuit 21HGS is set, 
therefore, the control circuit 120 is insensitive to service 
requests even though circuit 2HGT is reset to reopen 
gate 18SRS. W 

(9) The cutput terminal 2 of circuit 21HGS is also 
connected through varistor 21D4 to the control terminal 
of the enabling gate 21HGR1. As described above, the 
gate 21HGR1 is part of a path from the timing pulse 
lead 8TP to the reset lead 21L4 which is connected to the 
line selection circuit 132. The gate 2HGR3, however, 
which is also part of the path from lead 8TP remains 
open until the line link frame is released by the marker 
140. The gate 21HGRI remains closed as long as cir 
cuit 2HGS or circuit 32 is not reset or normal. 

(10) Finally, when the circuit 2HGS is set, it in 
turn sets the flip-flop circuit 20ST through the lead 17ST 
to commence the outpulsing sequence in the line selection 
and test circuit 132. 
When the flip-flop circuit 20ST is set, it opens the 

read-in enabling gate 23RI2, it opens the enabling gate 
20STG and it closes the inhibiting gate 28SP1. All three 
gates 20SPE, 23RI2 and 20STG are included in signal 
paths from the scanner pulse generator 130 through the 
timing pulse lead 3TP. In other words, the timing pulse 
lead 8TP from the scanner pulse generator 130 is con 
nected to the input terminals of the three gates 2.9SP. 
20R2 through gates 20R1, and 20STG. 
When the flip-flop circuit 20ST is set to open gates 20R2 

and 20STG and ciose gate 20Spf, it also functions as a 
reset pulse through the capacitor 2001 to the fiip-flop cir 
cuits 20R, 20RHG, 9VFL, 19B, 9CTA and 9VFLD 
and is also sent out through capacitor 9C, diode 9D3. 
lead 9RS, gate 17RST and amplifier 7RL to lead 17 RS. 
When the flip-flop circuit 2.0ST is set, therefore, it insures. 
that the line selection and test circuit 132 is normal 
and ready to begin outpulsing and it provides a reset pulse 
to the line concentrator 10 to reset the ring counters 
7VG and 4VF. The reset pulse from the line selection 
circuit 132 is provided through lead 17 RS, transformer 
14T2, control pair 14CP2, transformer 5T2, amplifier 
5RS, lead 5L6, capacitor 2RS, lead 2L4 to the ring 
counters 7VG and 4VF. When circuit 2ST is set, there 
fore, it in turn resets the concentrator counters 4 VF and 
7VG. It is necessary to reset the counter 4WF because 
it may have been stopped at any vertical file when gate 
7VFS was opened by circuit 2HGS. 
Terminal 3 of the flip-flop circuit 20RI is connected 

to battery 20B1 through the resistor 20RI. 
With the gate 20STG opened by the circuit 20ST, the 

next timing pulse from the generator 130 is supplied 
through the gate 20STG. to the input terminal 1 of the 
read-in flip-flop circuit 20RI. When the flip-flop cir 
cuit 20R is set, the fine selection and test circuit .32 
is ready for reading-in or supplying the vertical file and 
vertical group information, respectively, into the counters 
24VFP and 23VGP. The flip-flop circuit 20R opens 
the gates 2.0SP2 and 20RI and provides an additional 

... control potential through varistor 19P18 for the gate 
75 2EHGR which was opened, as described above, when 

the flip-flop circuit 2HGS was set. 
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The timing pulses from the scanning pulse generator 

130 are supplied directly through lead 8TP to the line 
Selection and test circuit 132 and to the originating 
register 131. The leads 8RS, 13VF and 13VG from the 
generator 130 are connected to the ten concentrator con 
trol circuits 120-9 and to the originating register 131, 
but not to the line selection and test circuit 132. The 
entire outpulsing operation which occurs in the line selec 
tion and test circuit 132 is under control solely of the 
timing pulses through lead 8TP. The timing pulses as 
described above and as shown in Fig. 28 are spaced at 
intervals of 2 milliseconds. The operation of the line 
selector and test circuit 132, in effect, steers the timing 
pulses from lead 8TP to the concentrator 110 to function 
first as vertical file and vertical group pulses, and then as 
a series of mark pulses to complete the establishment of 
the connection from the calling line 3L14 to the selector 
trunk 6T6. 
As described above, when the read-in flip-flop circuit 

20RI is set, the selector and test circuit 132 is readied to 
read in the vertical file and vertical group information 
to the counters 24VFP and 23VGP. After circuit 20R 
is set, the next timing pulse through lead 8TP is supplied 
through the open enabling gates 20R1 and 20RI2 to the 
read-in B amplifier 20RIA. The amplified timing pulse 
from the amplifier 20RIA performs the following func 
tions: 

(1) The amplified timing pulse is supplied to the con 
centrator 110 to insure the resetting of the counters 7VG 
and 4VF to line 3L00. The counters 7VG and 4VF 
were reset, as described above, upon the operation of the 
flip-flop circuit 20ST. The amplified timing pulse from 
amplifier 20RIA insures the resetting of counters 4VF 
and 7VG. The amplified timing pulse is supplied from 
terminal 2 of the amplifier 20RIA through lead 17L6, 
varistor 19D13, lead 19RS, gate 17RS2, amplifier 17RL, 
lead 17RS, transformer 14T2, control pair 14CP2, trans 
former 5T2, reset amplifier 5RS, lead 5L6, capacitor 
2RS and lead 2L4 to the ring counters 7VG and 4VF. 

(2) The amplified timing pulse is utilized to read in 
the vertical file and vertical group information to the 
coutners 24VFP and 23VGP. The vertical group counter 
23VGP and the vertical file counter 24VFP are not really 
ring counters. The individual stages are the same as 
the stages of the ring counters 13VFC and 13VGC, de 
scribed above, but after the last stage 23VGP11 is turned 
on, the next pulse does not turn on the stage 23VGP0. 
In a similar manner after the last stage 24VFP4 has been 
turned on, the next pulse does not turn on the stage 
24VF0. The output of the stages 23VGP11 and 24VFP4 
performs other functions as hereinafter decsribed. 
The counters 23VGP and 24VFP are set by pulses 

which are supplied, respectively, through one of the 
enabling gates 23VG0-11 and one of the enabling gates 
24VF0-4. The output terminal 2 of amplifier 20RIA is 
connected to the input terminals 1 of gates 24VF0-4 and 
23VG 0-11. The gates 23VG 0-11 and 24VF0-4 are 
selectively opened under control of the relays 14VF0-4 
and 4VG0-11, described above. 
The control termianls 3 of gates 24VF0-4 are con 

nected, respectively, through resistors 24R1-4 and 24R0 
to the -20 volt battery 24B2, and the control terminals 
3 of gates 23VG0-11 are connected, respectively, through 
resistors 23R0-11 to battery 23B2. The gates 24VF0-4 
and 23WG0-11 are, therefore, normally closed. Each of 
the control terminals 3 of gates 24VF0-4 and 23VG0 
is also connected to one of the contacts 24(14VF0-4) 
and 23 (14.VG0-11) which were operated when the line 
link frame was seized by the marker 140. The vertical file 
enabling gate having a designation of one less than that 
of the registered vertical file indication is opened. When 
relay 14VF4 is operated, the enabling gate 24VF3 is 
opened by the connection of ground to its terminal 3 
through the closed contact 24(14VF4). The enabling 
gate having a designation of one less than that of the 
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vertical file of the calling subscriber is opened instead 
of the enabling gate having the same designation, because, 
as is hereinafter described, one less pulse than the number 
of pulses corresponding to the vertical file are supplied 
to the concentrator 110 by the counter 24VFP. The last 
vertical pulse is not sent from the counter 24VFP, but 
is supplied from a flip-flop circuit 19 VFL. The vertical 
group relay 14VG2, however, opens its corresponding 
enabling gate 23VG2 and not one having a smaller desig 
nation. The terminal 3 of the enabling gate 23VG2 is 
connected to ground through the closed contact 23 
(??V?2) . . · · 
The amplified read-in pulse from amplifier 20RIA is 

therefore supplied through the open gates 24VF3 and 
23VG2 to the associated counter stages 24VFP1 and 
23VGP9. The counters 24VFP and 23WGP are set to 
count a number of pulses corresponding, respectively, to 
one less than the vertical file and to the vertical group. 
With a vertical file of 4, the stage 24VFP1 is set so that 
a count of 3 will turn on the last stage 24VFP4. With 
a vertical group of 2, the stage 23VGP9 is set so that 
a count of 2 will turn on the last stage 23VGP. 
The read-in pulse provided through the enabling gate 

23VG2 is also provided through the operated contact 
23 (26VGT2), shunted to ground through resistor 24R6, 
the enabled gate 24VFC4, the operated contact. 
24(25VFT4), shunted to ground through resistor 20RG2. 
to the input terminal 1 of circuit 20RHG. The relays 
26VGT2 and 25 VFT4 were operated, as described above, 
when the calling line identity was registered by register 
131. The gate 24VFC4 was opened when relay 14VF4 
operated. The control terminals 3 of the five gates 
24VFC0-4 are connected, respectively, to contacts 
24(14.VF0-4). When circuit 20RHG is set by the read-in 
pulse it provides an additional enabling potential through 
varistor 19D27 to the gate 21HGR1 and it provides a 
potential source for supplying an indication of the estab 
lishment of a dialing connection to the traffic recorder 
134. The path to the recorder 134 is completed, as is 
hereinafter described, when the dialing connection is com 
pletely established. 
When circuit 2 RHG is set, it also provides an enabling 

potential through lead 2ARHG to the gate 21HGR2. 
With gate 2HGR2 open, a path is readied for resetting 
circuit 2HGT when circuit 120 is returned to normal. 
Only one timing pulse is supplied through the read-in 

amplifier 20RIA and the gates 24VF3 and 23VG2 to the 
counters 24VFP and 23VGP. The read-in pulse supplied 
through the amplifier 20RIA also resets the flip-flop 
circuit 20ST which disables the read-in path to the counters 
24VFP and 23VGP by disabling the gate 20RI2. When 
the flip-flop circuit 20ST is reset, it also opens the gate 
20SP, and closes the gate 20STG. 
When the inhibiting gate 20SP1 is opened by the flip 

flop circuit 20ST, an outpulsing path is completed from 
the lead 8TP through the gates 20SP, 20SM and 20SP2 
to the outpulsing B amplifier 200PA. The inhibiting gate 
20SM is normally open due to the connection from its 
control terminal 3 through the winding of the line busy 
relay 19LB to the -20 volt battery 1989. The enabling 
gate 20SP2 was opened when the read-in flip-flop circuit 
20RI is set. The circuit 20R remains set when the flip 
flop circuit 20ST is reset and provides a negative pulse 
to the reset terminal 3 of circuit 20RI. A positive reset 
pulse is necessary to reset the flip-flop circuit 20RI. 
The timing pulses are supplied from the amplifier 

26OPA to the counters 23WGP and 24VFP and also 
through the concentrator control circuit 120 and the con 
trol paths 14CP1-3 to the line concentrator 110. The 
counters 23VGP, 24VFP, 4VF and 7VG are simulta 
neously advanced, step by step, by the pulses supplied from 
the outpulsing amplifier 200PA. The output terminal 2 
of the outpulsing amplifier 20OPA is connected directly 
to the input terminals 1 of the counter stages 23VGP0-11 
and 24VFP0-4. The timing pulses are also supplied 
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from the output terminal m 
through the inhibiting gate 19VFP, lead 19VF, the en 
abling gate 17VFT, amplifier 17VFL, lead 17VF, trans 
former 14T1, and the control path 14CP1 to the line 
concentrator 110. The timing pulses are also supplied 
from the output terminal 2 of the amplifier 20OPA through 
the inhibiting gate 19VGP, lead 19VG, the enabling gate 
17VGT, capacitor 17C4, amplifier 17VGL, lead 17VG, 
transformer 14T2 and the control path 14CP2 to the 
line concentrator 110. In this manner, simultaneous ver 
tical group and vertical file pulses are supplied to the line 
concentrator 110... The counters 23VGP and 24VFP are 
simultaneously stepped each time the vertical file and ver 
tical group pulses are provided to the concentrator 110. 
Since stage 23VGP9 was set by the read-in amplifier 
20RIA, after two pulses are supplied to the counter 
23VGP, the stage 23VGP11 is set. After two pulses, the 
stages. 4VF2, 7VG2 and 24VFP3 as well as the stage 
23VGP11 are set. When the last counter stage 23WGP11. 
is set, it supplies a control potential through lead 23L1 to 
open the gate 19VFL2 and to close the gate 19VGP. 
When the gate 19WGP is closed, the vertical group pulsing 
to the concentrator 110 is stopped. The gate 19VFL2 
is part of a path, hereinafter described, which is utilized 
to set the flip-flop circuit 19 VFL. The next timing pulse 
is supplied to the counters. 23VGP and 24VFP and as a 
vertical file pulse to the concentrator 110. The counter 
24VFP steps to turn on the stage 24VFP4, but the counter 
23VGP does not step. The counters 23VGP and 24VFP 
are not ring counters because when the last stage is set 
another pulse does not turn on the first stage. This is due 
to the fact that the output terminal 2 of stage 23VGP11. 
is not connected to the input terminal 8 of the counter 
stage 23VGP0. Terminals 8 of stages 23VGP0 are con 
nected, respectively, to batteries 23B1 and 24B. With 
counter stage 23VGP11 on, the next pulse supplied to 
counter 23VGP does not step or change the setting of the 
stages 23VGP0-11. M r 

When the counter stage 24VFP4 is turned on, it opens 
the gate 19VFL1 and closes the gate 19VFP. When the 
gate 19VFP is closed, the vertical file pulsing is stopped 
to the line concentrator 110. Only three vertical file 
pulses have been supplied to the line concentrator 110. 
The counters 7VG and 4VF are set, respectively, at ver 
tical group 2 and vertical file 3. The last vertical file 
pulse is supplied as a line busy test, pulse of the calling 
line 3L14. The next timing pulse from lead 8TP is sup 
plied through the amplifier 20OPA and the open gates 
19VFL2, 19VFL1 and 19 VFL3 to set the flip-flop circuit 
19VFL. The enabling gate 19VFL3 was opened when 
the relay 16TSK operated after the trunk selection se 
quence operation is completed. The control terminal 3 
of the enabling gate 19VFL3 is connected to the -20 
volt battery 19B4 through the resistor 19R7 and also to 
ground through the operated contact 19 (16TSK). 
flip-flop circuit 19 VFL is set by a timing pulse only after 
the three gates 19 VFL1-3 have been opened. The gates 
19VFL1-3 are opened after the completion of the ver 
tical group and vertical file pulsing and the trunk selec 
tion. The gate 19VFL is opened upon the completion 
of the vertical file pulsing, the gate 19VFL2 is opened 
upon the completion of the vertical group pulsing and the 
gate 19VFL3 is opened upon the completion of the trunk 
selection. 
As described above, the last vertical file pulse is not 

sent from the ring counter 24VFP, but is supplied when 
the flip-flop circuit 19 VFL is set. The reason for the 
delay in supplying the last vertical file. pulse is due to 
the fact that this pulse is utilized as a line busy test. 
Before the last vertical file pulse is supplied to the con 
centrator 110, it is necessary to open the line busy gate 
19LBG to ready the line selection and test circuit 132 
for recognizing a line busy condition on the line 3L14. 
The last vertical file pulse which is supplied from the 
flip-flop circuit 19VFLD is utilized as a line busy test 

2 of the amplifier 20OPA 

The 

5 

O 

20 

30 

3 5 

40 

5 5 

GO 

70 

2,812,385 
40 

pulse only on terminating calls. This feature is unneces 
sary for an originating call from one of the lines 3L00-59. 
On a terminating call, as hereinafter described, if the line 
is busy the flip-flop circuit 19LBA is operated to prevent 
further progress in setting up the call. On an originating 
call, a line busy indication is never received because the 
line 3L14 is not in a busy condition when it initiates a 
service request indication. Initiating a service request 
indicationis incompatible with initiating a line busy con 
dition at this time. Once outpulsing is commenced, how 
ever, the same sequence of operaton is utilized for both 
originating and terminating calls. The last vertical file 
pulse is, therefore, delayed for an originating call as well 
as for a terminating call. 
When the flip-flop circuit 19 VFL is set, it opens the 

enabling gates 19LBG and 19VFD. The next amplified 
timing pulse from the amplifier 20OPA is supplied through. 
the open enabling gate 9VFD to set the flip-flop circuit 
19VFLD. When the flip-flop circuit 19VFLD is set, it 
supplies the last vertical file pulse through the capacitor 
19C10 and varistor 19D2 which is shunted by the resis 
tor 19R14, lead 19VF, the enabling gate 17VFT and 
amplifier 17VFL to the line concentrator 110. When 
the flip-flop circuit 19VFLD is set, it also opens the ena 
bling gate 19CT2 to prepare a path from the outpulsing 
amplifier 200PA to the flip-flop circuit. 19CTA. The last 
vertical file pulse sets the counter 4VF to the vertical file 
of the calling line 3L14. A line busy pulse is not returned 
to the central office. The next timing pulse supplied 
through the amplifier 20OPA passes through the open 
gates 19CT2 and 19CT3 to set the circuit 19CTA. When 
the flip-flop circuit 19LBA is normal, the inhibiting gate 
19CT3 is open. The output terminal 2 of the gate 19CT3 
is connected to the input terminal 1 of the flip-flop cir 
cuit 19CTA and also to ground through the resistor 19R2 
and capacitor 19C2. When the flip-flop circuit 19CTA 
is set, it opens the enabling gate 19MG, causes the opera 
tion of the relay 19CT and provides an additional control 
potential through the varistor 9D17 to the gate 21HGR1. 
The winding of relay 19CT is connected between the out 
put terminal 2 of circuit 19CTA and the battery 19B10. 
When relay 19CT operates, it in turn causes the opera 
tion of the relay i6CT1. The operating path for relay 
16CT1 is from ground through the closed contact 
???CT) and the winding of relay 16CT1 to battery 
6B6. 
When relay 16CT1 is operated, a connect potential is 

provided, as is hereinafter described, over the tip lead 
of the selected trunk 6T6 to the concentrator 110. 
When the gate 19MG is opened by circuit 19CTA, a 

path is prepared from the amplifier 20OPA to the ampli 
fier 17ML for supplying mark pulses to the line concen 
trator 110. The mark pulses are utilized at the line con 
centrator to operate the line unit 3LU14 for establishing 
a connection from the line 3L14. With the gate 19MG 
open, the timing pulses are supplied from the amplifier 
20OPA through the gate 9MG and the open enabling gate 
19TSK, lead 19M, gate 17M, amplifier 17ML, lead 17M, 
transformer 14T1, and the control path 14CPI to the con 
centrator 110. The gate 19TSK is opened when contact 
19(16TSK) is closed upon completion of the trunk selec 
tion sequence of operation. In other words, if the line 
Selection and test circuit 132 is ready to supply mark 
pulses to the concentrator 110, but relay 16TSK has not 
as yet been operated, the mark pulses are delayed. The 
line selection and test circuit 132 delays supplying the 
mark pulses until after the relay 16TSK operates. 
At the concentrator 110 the mark pulses are supplied 

through the transformer 5T1, resistor 5R3, the A ampli 
fier 5MK to the flip-flop. circuit 2M and also to the trunk 
circuits 6TR0-9 which are individually associated with the 
trunks 6T0-9. The circuit 2M is similar to the circuit 
8BC1, described above, except that the potential source 
is Supplied from the power supply 2PS. The component 
designations are mainly the same except that the first digit 
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is 2 instead of 8. When the circuit 2M is set by the first 
mark pulse, it causes the operation of relay 4M. The 
output terminal 2 of circuit 2M is connected through lead 
3M, the winding of relay 4M, lead 7L1, to the -20 volt 
lead 5L4 of the power supply 2PS. When relay 4M 
operates, it connects the -20 volt lead 5L4 to the wind 
ings of relays 4F0-4 and 7G0-11. The -20 volt poten 
tial is provided through leads 5L4 and 7L1 and the closed 
contact 4 (4M) to the windings of relays 4F0-4 and 
7G0-11. The windings of relay 4F0-4 are connected, 
respectively, through varistors 4V0-4 to the output ter 
minals 2 of the stages 4VF0-4 of the counter 4VF. The 
windings of relays 7G0-11 are connected, respectively, 
through varistors 7V0-11 to the output terminals 2 of 
stages 7VG0-11 of the counter 7VG. Due to the out 
pulsing sequence of operation at the line selection and 
test circuit 132, the stages 4VF4 and 7VG2 are set at 
this time. Terminals 2 of stages 4VF4 and 7VG2 are 
therefore at a potential of -2 volts. When the -20 
volt lead 5L4 is connected to the winding of the relays 
4F0-4 and 7G0-11, relays 4-F4 and 7G2 operate. 

With one of the relays 4F0-4 and one of 7G0-11 
toperated, a -65 volt potential is connected to one of 
the line circuits 3UO0-59. The circuits 3UO0-59 are 
connected, respectively, to the lines 3L00-59. Only the 
circuit 3UO0 is shown. The -65 volt lead 2B3 from 
the supply 2PS is connected through the closed contact 
of relay 4F4, and the closed contact of relay 7G2 to the 
circuit 3U14. The -65 volt lead potential is, in this 
manner, selectively applied to the line circuit 3U14 which 
is individually associated with the calling line 3L14. Each 
of the line circuits 3UO0-59 has six crosspoints, or line 
units 3LU0-5, which are connected to the associated one 
of the lines 3L00–59. The sixty sets of line units 3LU0-5, 
one for each of the circuits 3U00-59, provide for con 
nections between the lines 3L00-59 and the trunks 6T0-9, 
With only six crosspoints for each line, each line is 

connectable to only six of the ten trunks 6T0-9. Fig. 30 
illustrates the connections from the line units 3LU0-5 in 
each of the circuits 3UO0-59 to the trunks 6T0-9. The 
subscriber lines which are in the same vertical group 
are connectable to the same six trunks. For example, 
the five lines 3L10-14, which are in the vertical group 2, 
are connectable to the trunks 6T1, 6T6, 6T2, 6T5, 6T8 
and 6T9: The line unit 3LU0 of the circuit 3U14 is con 
nected to the trunk 61; the line unit 3LU1 of circuit 3U14 
is connected to trunk 6T6, etc. As described above, the 
trunks which are utilized for a vertical group are referred 
to as a multiple. All twelve multiples, one for each ver 
tical group, are different in order to distribute the load 
carried by any one trunk. Such a distribution system 
of multiples is referred to as a slip multiple. The lines 
3L00-59 are connectable, therefore, to the trunks 6T0-9 
on a slip multiple basis. As shown in the line unit 3LU0, 
each of the line units 3LU0-5 includes a serially con 
nected relay 3C0 and gas tube 3CT0. When one of the 
relays 3C0 in circuit 3U14 is operated, a connection is 
provided from the associated line 3L14 to one of the six 
trunks in the trunk multiple. When the relays 4F4 and 
7G2 are operated, as described above, a -65 volt poten 
tial is provided to the line circuit 3U:4. The -65 volt 
potential is provided to the line side of the windings of 
the six relays 3C0 in the line circuit 3U14. The anodes 
of the gas tubes 3CT0 in the units 3LU0-5 of the circuit 
3U14 are connected to six of the ten trunk circuits 
6TR0-9. The connection, for example, from the anode 
of the tube 3CT0 in unit 3LU9 is through a varistor 6D3 
and resistors 6R4 and 6R5, respectively, to the ring and 
tip of one of the trunks 6T0-9. The unit 3LU0 of the 
line circuit 3U00, which is shown in the drawings, is con 
nected through the trunk circuit 6TR0 to the trunk 6T0. 
The tube 3CT0 does not ionize and the associated relay 
3C0 does not operate until hite crosspoint, or line unit 
3LU0, is marked on both the line and the trunk side. 
One of the six line units 3LU0 in the circuit 3U14 is, 
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therefore, not operated until a connect potential is pro 
vided over one of the six trunks 6T1, 6T6, 6T2, 6T5, 
6T8 and 6T9 from the central office. A path for pro 
viding the connect potential from battery 12B2 is readied, 
as described above, when the relay 16TSK was operated 
to indicate the selection of one of the six trunks in the 
trunk multiple connected to the calling line 3L14. When 
relay 16CT1 operates as an indication of the completion 
of the outpulsing operation, it completes the path from 
battery 12B2 for supplying the --100 volt connect poten 
tial over the selected trunk 6T6 to the concentrator 110, 
and it also initiates the operation of the slow release relay 
10SR6. Battery 12B2 is now connected through lamp 
12C, the normal contact 12(19LB1), the operated con 
tact 12(16CT1), the operated contact 12(16TSK) which 
is connected to ground through resistor 12DIS, the oper 
ated contact 12(16TS0), the operated contact 12(14.VG2), 
the cross-connection in accordance with Fig. 31, the oper 
ated contact 12(14HA0), the normal contact 10(10SR6), 
the normal contact 10(10HM6), over the tip lead of the 
selected trunk 6T6 to the trunk circuit 6TR6 in the line 
concentrator 110. Fig. 31 illustrates the connections from 
the contacts of relay 14VG0-11 to contacts of relay 
14HA0-9. Only the contacts of relay 14HAO are shown 
in the drawing. The contacts of relays 14HA1-9 are 
included in box 1200. As indicated in Fig. 31, the 0 
contact of relay .14VG2 is connected to contact 6 of 
relay 14HA0. The 0 contacts of relay 14VG0-11 are 
connected to contacts of relay 16TS0, and the contacts 
0-7 of relay 14HA8 are connected, respectively, to the 
contacts 10 (10SR0-7). Fig. 31 does not illustrate con 
nections when the relays 6TS4-5 are used because they 
always select the two least preferred trunks 6T8-9 for 
all vertical groups. The contacts of relays 6TS4-5 are 
connected, therefore, directly to the contacts 10 (10SR8-9). 
The operation of the vertical group relay 14VG2 and 
the relay 16TS0 determines the selection of the trunk 6T6. 
At the concentrator 110, the tip lead of trunk 6T6 is 

connected through the resistor 6R5 and varistor 6D3 to 
the anode of tube 3CT0 of unit 3LU1 in circuit 3U14 
The connect potential is also provided from the trunk 
circuit 6TR0 to the other line units served by the same 
trunk. Fig. 30 illustrates which of the lines 3L00-59 
are served by each of the trunks 6T0-9. Specifically the 
trunk 6T6 is connectable to the lines in all vertical groups 
except groups 1, 3, 5, 7 and 10. The only one of the 
circuits 3UO0-59, however, that has been marked or 
connected to a -65 volt potential source is the circuit 
3U14. The combination of the -65 volts at the cathode 
of tube 3CT0 and the --100 volts at the anode of the 
tube 3CTO of unit 3LU1 in circuit 3U14 causes the ioniza 
tion of the tube 3CT0. When the tube 3CT0 ionizes, 
relay 3C0 operates to establish a connection through the 
Crosspoint 3LU1 from the calling line 3L14 to the selected 
trunk 6T6. 
When the crosspoint 3LU1 of circuit 3U14 is closed, 

the mark pulses, which are still being supplied from 
the line selection and test circuit 132, are returned to the 
central office as line busy pulses. More specifically, when 
relay 3C0 operates it forward-biases a varistor 6D4 in 
the trunk circuit 6TR6 to allow for the passage of the 
mark pulses. The diode 4D4 is normally reversed-biased 
due to its connection through resistor 6R1, varistor 6D5 
and resistor 6R2 to the --30 volt lead 2B4 from the power 
Supply 2PS. The other terminal of varistor 6D4is con 
nected to ground potential through the resistor 6R6 and 
to the output terminal 2 of the amplifier 5MK through 
the capacitor 6C1. When relay 3CTO operates, it locks 
to lead 2B4 through its operated contact, varistor 6D5 
and resistor 6R2. The current through resistor 6R2 
causes the potential at varistor 6D4 to decrease to allow 
the passage of mark pulses through the circuit 6TR6. 
With the varistor 6D4 back-biased only slightly the suc 
ceeding mark pulses from the central office are supplied 
through the amplifier SMK, the capacitor GC1, varistor 
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6D4 and capacitor GC2 to the input terminal 1 of the 
line busy amplifier 2LB. The input terminal 1 is con 
nected to the potential lead 514, through the parallel cir 
cuit comprising the resistor 2LB1 and the capacitor.2LB2. 
The output terminal 2 of the line busy amplifier is con 
nected through the resistor. 5R7, transformer 53 and 
a control pair 14CP3" t? the central office. In this rnann?r, 
when the crosspoint 3LU1 is operated, the trunk circuit 
6TR6 routes succeeding mark pulses- back to the central 
office as line busy pulses as an indication that the cross 
point relay 3CT0 is operated. 
When relay 3CO operates, lead 5L4 is connected through 

the inductor 6BT and an operated contact relay 3CTO 
to reverse-bias the varistor 3S in the line scanning unit 
3LS14. As described above, when normal scanning is 
resumed, the line 3L14 does not initiate a service request 
when the varistor 3S is reverse-biased. The varistor 3S 
is reversed biased when the line 3L4 is connected to 
one of the trunks 6T0-9 or when the line 3L14 is in an 
idle condition. When scanning is resumed the Scanning 
pulses from the counter 4VF are directed through capaci 
tor 3VF of the scanner circuit 3LSt4, varistor 3D, capaci 
tor 3C, the operated contact of relay 3CTO of unit 3LU 
in circuit 3UtA, and varistor 6D7 of the circuit 6TR6 
to the amplifier 2IB. The scanner circuit 3LS14, there 
fore, functions when the varistor 3S is reversed-biased, 
by the operation of the unit 3LU1, to steer the scanning 
pulses back to the central office as line busy pulses. 

Returning to the crosspoint closure, at the central office 
the converted mark pulses, which indicate the crosspoint 
closure, are provided through the control 14CP3, trans 
former 14T3, line busy amplifier 18LBL, open enabling 
gates 18LBT and 19LBG to the flip-flop circuit. 19LBA. 
When the flip-flop circuit 19LBA is set it causes the 

operation of the line busy relay 19LB and closes the 
gate 19CT3 and the gate 20SM. The gates 19CT3 and 
20SM are normally open due to the connection of their 
control terminals 3 through the winding of relay 19LB 
to battery 19B9. When the flip-flop circuit 19E BA is set 
it also provides a control potential through the diode 
19D15 to the control terminal 3 of the gate 21HGR in 
the line concentrator control circuit. 120. The gate 
21HGR1 remains open as long as the circuit 19LBA is set. 
When relay 19LB operates it in turn causes the oper 

ation of the relay 16LB1. The operating path for relay 
16LB1 is from ground through the contact 16(19LB) and 
the winding of relay 16LB1 to battery 16B6. 
When relay 16LB1 operates, it locks to ground through 

its closed contact and the contact 16 (19CT) and pro 
vides alocking path for the relay 16CT1. Both of the 
relays 19CT and 19LB must release in order to release the 
relays 16CT1 and 16LB1. When relay 16LB1 operates, 
it also disconnects the 100-volt potential source 2B2 
from the tip lead of the selected trunk 6T6. As described 
above, the battery 12B2 is connected to the tip lead of 
the selected trunk 6T6 through the normal contact 
12(19LB1). With relay 19LB1 operated, this path is 
opened. The crosspoint 3LU1 of circuit 3U14 remains 
closed, as described above, due to the locking path 
through the closed contact of relay 3C0. 
When relay 16LB1 operates, it also causes the oper 

ation of magnet 10HM6 to complete the operation of 
switch 10CRO and connect trunk 6T6 to link 10L9. The 
operating path for the hold magnet 10HM6 is from 
ground on lead 15LH4 at the connector circuit 136, 
the closed contact 12(14.VF4), the closed contact 
12(16CT1), the closed contact 12(16LB1), the closed 
contact 12(16TS0), the closed contact 12(14VG2), the 
cross-connection in accordance with Fig. 31, the closed 
contact. 6 of relay 12(14HAO), and the winding of the 
hold magnet 10HM6 to battery. 

Fig. 31 illustrates the connections from contacts of 
relays 14HA0 to contacts of relays 14VG 0-11. The set 
of contacts 0-9 of relay 14HA0 which are utilized for 
operating the hold magnets 10HMO-9 are different than 
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the set of contacts 0-9 of relay 14HA0 that are used. 
for applying the connect potential to the tip lead of 
trunk 6T6. In other words, relays 14HA0 have a num 
ber of sets of contacts 0-9, two of which are illustrated 
in Fig. 12 and one of which is illustrated in Fig. 11. Fig. 
31 illustrates the connections for all three sets of contacts. 
When the hold magnet 10HM6 operates, the select 

magnet 10SM9 has already been operated, as described 
above, so that a connection is established from the trunk 
6T6 to the link 10L9. The hold magnet also provides 
a locking path for its associated slow release relay 
10SR6. - 

Relay 10SR6 is slow to operate as well as slow to re 
lease. An operating path was closed for relay 10SR6, 
as described above, when relay 16CT1 operated to sup 
ply the connect potential to the concentrator 110. Relay. 
10SR6, however, does not operate until after the cross 
point closure indication is received at the central office. 
The operating path for relay 10SR6 is from ground 
through the contact 11(16CT1), the closed contact 
11(16TS0), the closed contact 11(14.VG2), the cross 
connection in accordance with Fig. 31, the closed contact 
11(14HA0), and the winding of the relay 10SR6 to bat 
tery. It is necessary to early initiate the operation of 
the slow relay 10SR6 in case the marker 140 fails to 
provide ground to operate the hold magnet 10HM6. The 
disconnect path, hereinafter described, from battery 10BD 
through the operated contact 10(10SR6) should be ready 
in the event of such a failure. . ..... ? ? 
The hold magnet 10HM6 is operated only after relay 

16LB is operated to indicate the completion of the 
crosspoint closure at the line concentrator 110. In this 
imanner the crosspoint is closed at the concentrator 110 
first and then the switch 10CR0 is operated to extend the 
connection from the selected trunk 6T6 to the horizontal 
or link 10L9. • ?r · · · ? ," '' ' • • • • * ?•, ,*• w Hi 

When the switch 10CR0 operates, the ground supplied 
to the winding of the relay 10HM6 is extended through 
the closed switch 10CR0 on the sleeve lead of the hori 
Zontal 10L9. The sleeve lead is connected through the 
closed contact 10(14HA0) and the normal contact 
10(16TC), lead 15LL9 and cable 15C to the line link 
connector 136. When the marker receives this indication 
of the operation of switch 10CR0, it proceeds to release 
the line link connector 136 which in turn releases the 
identifying relays 14HA0, 14VF4, 14VG2 and 14.D. 
When any one of the relays 14HA0, 14VG2, 14VF4 and 
14D release, the path from ground to the control termi: 
nals 3 of gates 21HG and 21HGR3 is opened. With 
gate 21HG closed and gate 21HGR3 open, the next tim 
ing pulse supplied from the pulse generator 130 through 
lead 8TP is passed through the open gate 21HGR3, 
the open enabling gate 21HGR1, lead 21L4 and capaci 
tor 2003 to the input terminal 1 of the A amplifier 
20RLS. The other input terimnal 3 of the amplifier 
20RLS is connected to battery 20B3 through the resistor 
20R3. Until gate 21HGR3 opens, and gate 21HG closes, 
the timing pulses are supplied through the circuit 132 to 
the concentrator 110 as mark pulses. The output termi 
nal 2 of the release amplifier 20RLS is connected through 
the varistor 20D2 and resistor 20R1 to battery 20B1. 
The amplified reset pulse is utilized to reset all the flip 
flop circuits and counters in the line selection and test 
circuit 132, to return the circuit 120 to normal and to 
reset the concentrator counters 4VF and 7VG. The 
reset pulse is provided from the amplifier 20RLS through 
varistor 20D2 to the reset terminals 3 of the flip-flop cir. 
cuits 20RI, 20RHG, 19VFIL, 19LBA, 19VFLD, 19CTA 
and through the capacitor 24C17 to the counters 24VFP 
and 23VGP. The release pulse is also provided through 
a capacitor 19C1, varistor 19D3, lead 19RS, gate 17RST, 
amplifier 17RL, lead 17RS, transformer 14T2, control 
pair 14CP2, transformer 5T2, amplifier SRS, lead 5L6, 
capacitor 2RS and lead 2L4 to the reset terimnals 4 of 
stages 7VG1-11 and 4VF1-4. The reset pulse is also 
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provided from capacitor 2RS to the set terminals 7 of 
stages 7VG0 and 4VF0. 
The counters 4VF and 7VG are set, in this manner, to 

line 3L00. The reset pulse is also provided from capaci 
tor 2RS through varistor 2D7 to the reset terminal 3 of 
circuit 2M. When circuit 2M is reset, it in turn releases 
relay 4M. When relay 4M releases, it in turn releases 
relays 4-F4 and 7G2. The crosspoint .3LU1 of the cir 
cuit 3U14 remains, however, closed. The locking path 
for relay 3C in crosspoint,3LU1 is from the ground po 
tential at the left junction of bridge 2V1, resistor 3CT, 
the winding of relay 3CC, the operated locking contact 
of relay 3C0, varistor 6D5 and resistor 6R2 to the lead 
2B4. The concentrator 110 is now ready for normal 
scanning to resume. The only thing changed by the 
originating call connection is the operated crosspoint 
3LU1 of circuit 3U14. 
The reset pulse from the amplifier 23RLS is also 

provided, as described above, to the counters 23VGip 
and 24VFP. All the counter stages 23VGP0-1 and 
24VFP-4 are turned off. The counters 23VGP and 
24VFP are not ring counters so that when the circuit 
132 is normal none of the stages 23VGP0-11 and 
24VFP0-4 is set. 
The reset pulse from the amplifier 20RLS is also sup 

plied through lead 20L5 to the reset terminal 3 of circuit 
2HGS. When circuit 2HGS is reset it closes gates 
17VFT, 17VGT, 17RST, 17M, 17LBT and 21HGR1, it 
opens gates 17VFS, 17VGS1, 17 RS1, 21RL and 18CH0 
and it removes the -2 volt potential on lead 18HGS 
to the traffic recorder 134. The gate 2HGR remains 
open as long as any of the flip-flop circuits in the circuit 
132 are set. The output terminal 2 of each flip-flop 
circuit in the line selection circuit 132 as well as that of 
circuit 2: HGS is connected to the control terminal 3 of 
gate 21HGR, The gate 21HGR1 functions, in this man 
ner, as an “or” circuit allowing timing pulses through 
to lead 21L4 as long as the circuits 120 and 132 are 
not normal. The reset pulses through lead 2L4 are Sup 
plied to circuit 132 as long as gate 21HGR1 is open. 
The reset pulses from amplifier 20RLS are also sup 

plied through the gate 21HGR2 and amplifier 2 HGTA 
to the reset terminal of circuit 21HGT. 
When the circuit 21HGT is reset, it releases relay 

21HGTO which in turn releases relays 25VFT4 and 
26VGT2. When relay 21HGT0 releases, it also resets 
circuit 2ZRH. 
When the circuit 126 is returned to normal upon the 

release of the circuit 21HGS, the vertical group, vertical 
file and reset pulses from the generator 30 are Supplied 
to the concentrator 110. The outpulsing paths from the 
circuit 132 are simultaneously opened. Normal scan 
ning is, therefore, resumed as soon as the circuit 21HGS 
is reset. Whenever line 3L14 is scanned, a line busy 
pulse is now, returned to the central office. Normal scan 
ning continues during dialing and even during the estab 
lishment of a call-back connection. The originating call 
connection from line 3L14 is through the crosspoint 
3LU1 of circuit 3U14, the trunk circuit 6TR6, trunk 6T6, 
switch 10CR0, link 10L9, switch 15CR0 and the trunk 
link frame 142 to the originating register 147. 

Call back 
When the calling subscriber has completed dialing, 

the originating call register 147 seizes the marker 140 
through the register connector 148. The marker 140 
receives the dialing information from the register 147 
and utilizes it to establish a connection from the calling 
line 3L14 through the trunk link frame 142 to the out 
going trunk 146. 
When the marker 140 receives the dialing information, 

it seizes the line link frame 141 through the line link 
connector 136 to initiate the establishment of a line-to 
outgoing trunk connection. The line-to-outgoing trunk 
connection may be to any trunk connected to the trunk 
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frame 142. As described above, when the dialing con 
nection is established, the concentrator crosspoint 3LU 
of circuit 3U.4 is locked operated and is not released 
until a disconnect potential is applied to the tip of the 
trunk 66. The call-back connection from the calling 
line 3i:4 to the outgoing trunk iéó is therefore through 
the same concentrator trunk 6T6. The identity of the 
concentrator trunk utilized for the dialing connection is 
not Supplied to the originating register 48 or to the 
marker 40. During the establishment of the call-back 
connection, therefore, it is necessary to establish the 
identity of the concentrator trunk utilized for the dialing 
connection so that the hold magnet OHM6 in the switch 
1OCR0 corresponding thereto will be operated after 
one of the links OL0-9 is selected. The marker 40 
does not proceed to select an idle channel from the 
switch OCR0 to the outgoing trunk 146 until it has 
received an indication that the identity of the concen 
trator trunk 6T6 utilized for the dialing connection has 
been determined. The identity of the concentrator trunk 
6T6 is determined before the originating register 46 
releases and allows the hold magnet OHM6 of the 
Switch OCR to release. The operated contacts of the 
hold magnet OMH6 are utilized in determining the 
identity of the concentrator trunk 6T6. 
When the line link connector 36 is seized by the 

marker 49 for a call-back call, it operates the relay 
i4HA0 to identify the concentrator 110, the relays 
14VF4 and 14.VG2 to identify the calling line 3L14 and 
the relay 4CBF to indicate that the call is for a call 
back. When the relay 4HA0 operates, it causes the 
operation of a corresponding call-back relay 4CB0. 
When the relay 14CBF operates, it closes operating paths 
to supply the link identity utilized on the dialing con 
nection on a two-out-of-five basis from the connector 
136. The operating paths are closed through the con 
tacts 14(14CBF) to the windings of two of the five 
relays 14LNG, 14LN1, 14LN2, 14LN4 and 14LN7. The 
line link connector 136 supplies the identity of the 
link 10L9 through cable 15C causing the operation of 
the relays 14LN2 and 14LN7. When relays 14LN2 and 
14LN7 are operated, an operating path is completed for 
one of the six trunk select relays 16TS0-5 to indicate 
which concentrator trunk was utilized for the dialing 
connection. The dialing connection is not released until 
after one of the six relays.16TS0-5 is operated. Trunk 
6T6, as described above, is the preferred trunk in the 
trunk multiple which is connected to the calling line 
3L14. The trunk select relay 16TS0 is therefore oper 
ated when the vertical group relay 4VG2 is operated 
to indicate that the preferred trunk 6T6 was utilized. 
The operating path for relay 6TS0 is from ground 
through the winding of relay 16TS0, and a closed con 
tact 16(4VG2) in accordance with the table shown in 
Fig. 29. As shown in Fig. 29, the winding of relay 
16TS0 is connected to contact 6 of relay i4VG2. The 
contact number indicates the trunk association. Contact 
6 of relay 14VG2 is connected through an associated 
closed contact 11(14CB0), the operated crosspoint be 
tween trunk 6T6 and link OL9, the control lead of link 
OL9 shunted to ground through resistor iOLL9, the 

closed contacts 10 (14LN7) and 10(14LN2), the two 
out-of-five check network 10RH and resistor ORE to 
battery 10B12. The network 10RH provides a path 
from battery AOB12 to one of the links 10L0-9 when 
two of the five relays 14LNO, 14LN1, 14LN2, 14LN4, 
and 14LN7 are operated. With relays 14LN2 and 
14LN7 operated to indicate the utilization of the link 
OL9 for the dialing connection, the control lead of link 
OL9 is connected through the operated contacts 
10(14LN7), 10(14LN2) and 10(14LN7), the normal 
contact 10(14LN4), the operated contact 10(14LN2) 
and the normal contacts 10 (4LN1) and 10(14LNO) to 
battery 10B12. . 
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In this manner with switch 10CR0 still operated, when 
the marker 140 supplies the link identity to the line link 
frame, the identity of the talking trunk 6T6 utilized for 
the dialing connection is established. The operation of 
relay 16TS0, when the vertical group relay 14VG2 is 
operated, indicates that the preferred one of the six mul 
tipled trunks for vertical group 2 was utilized for the dial 
ing connection. As indicated in Fig. 30, trunk 6T6 is 
preferred for vertical group 2. 
When relay 16TS0 operates, it locks to battery 16B1 

through the operated contacts 16(16TS0), 10(14CBF) 
and the lamp 16TSL. 
When relay 16TS0 operates, it also provides an indi 

cation to the marker 140 that the identity of the trunk 6T6 
utilized for the dialing connection has been determined. 
Ground is connected through resistor 15HGK0, the op 
erated contacts 15 (14HA0), 15(16TS0) and 15 (14CBF), 
the normal contacts 15 (14D), 15(14TER) and cable 
15C to the line link connector 136. When the marker 
140 receives the indication of the dial trunk determination, 
it releases the register 147 and makes a channel test to 
select an idle channel, including one of the links 10L0-9 
to the outgoing trunk 146 for the call-back call. 
When the originating register 148 is released, it in turn 

releases a portion of the dialing connection from the 
calling line 3L14. The crosspoint 3LU1 of circuit 3U14 
at the line concentrator 110 remains operated, being 
locked locally, but the switches 10CR0 and 15CR0 re 
lease. These switches 10CR0 and 15CR0 are released 
after the marker 140 has received an indication due to the 
operation of the trunk select relay 16TS0 that the identity 
of the trunk 6T6 has been determined. The hold magnet 
10HM6 of switch 10CRO and the hold magnet 15HM0 
of switch 15CR0 are released when the trunk link frame 
142 removes the sleeve ground potential under control of 
the marker 140. 
When the originating register 147 is released, the 

marker 140 operates the select magnet of the link selected 
for the call-back call. If, for example, link 10L0 is 
selected, the select magnet 10SMO is operated by the 
provision of a ground connection through cable 15C, 
lead 15SMO and the operated contact 10(14HAO) to the 
winding of the magnet 10SM0. 
When the select magnet 10SMO is operated, an oper 

ating path is completed for the relay 16TSK. The oper 
ating path for relay 16TSK is from ground through the 
operated contact 16 (10SMO), the normal contact 
16(16TC), the operated contact 16(16TS0), the serially 
connected normal contacts 16(16TS1-5) and the wind 
ing of relay 16TSK to battery 16B2. When relay 16TSK 
operates, it in turn generally readies an operating path 
for the preselected hold magnet of switch 10CR0 to con 
nect the calling line through the frame 142 to the outgoing 
trunk 146. When, however, relay 16TS0 is operated and 
mot one of the relays 16TS1-5, the operating path for 
the hold magnet does not include the contact of relay 
16TSK. The contact of relay 16TSK is unnecessary be 
cause when relay 6TS0 operates, it remains operated 
whereas if one of the relays 16TS1-5 operates, it is 
necessary for relay 16TSK to operate after all but one 
of the relays 16TSi-5 releases to determine if it is to 
remain operated. This preference determination is de 
scribed in detail above. 

After the marker 140 operates the select magnet 10SM0, 
it applies ground through cable 15C to lead 15LH4. 
The lead 15LH4 is connected through the operated con 
tact 12(4VF4), the normal contacts 12(16CT1) and 
12(6L31), the operated contacts 12(14CBF) and 
12(16TS0), the operated contact 12(14.VG2) in accord 
ance with Fig. 31, the operated contact 12(14HA0) to 
the winding of the hold magnet 10HM6 which is con 
nected to battery 10B26. When the hold magnet 10HM6 
reoperates, in this manner, it extends the connection from 
line 3Li4 through trunk 6T6 to the link 10LO which has 
been connected through switch 15CR9, frame 142, and 
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the outgoing trunk to the called subscriber line (not 
shown). " . . . . 

When the switch 10CR0 operates, the battery 10B26 is 
connected through switch 10CR0, the sleeve lead of 
link 10L6), the operated contact 10(14HA0), the normal 
contact 10(16TC), lead 15LL0 and cable 15C to the 
connector 15C. The marker 140 thereupon releases the 
connector 136, which in turn releases relays 14HA0, 
i4VF4, 14VG2, 14CBF and the select magnet 10SM0. 
When relay 14HA0 releases, it in turn releases relay 14CB0 
and when relay 14CBF releases, it in turn releases relays 
14LN2, i4LN7 and 16TS0. When relay 16TS0 releases 
or when the select magnet 10SMO is allowed to release, 
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the operating path for relay 16TSK is opened. In this 
manner the line link frame is returned to normal with 
only the switches 10CR0 and 15CR9 operated to hold the 
talking connection. . 
Normal scanning continues during the establishment 

of the call-back connection. It is uninterrupted during 
the time the dialing connection is released and the line 
to-trunk connection is established. Should a service re 
quest originate while a call-back call is in progress, the 
concentrator control circuits 120-9 recognize the service 
request as usual. The originating call proceeds until the 
attempt is made to seize the line link marker connector 
135. The connector 135 locks out originating calls when 
a terminating or call-back call is in progress. The sub 
scriber waits until a connector 135 is available. 

Terminating call 

The operation of the line concentrator telephone sys 
tem of the present invention is substantially the same 
for a terminating call as for an originating call. When a 
terminating call is initiated, the marker 140 obtains the 
calling information from a number group circuit 150 
through connector 151. When the marker 140 receives 
the called line identity from the circuit 150, it seizes the 
line link frame through the line link connector circuit 
136. A ground connection is provided from the con 
nector 136 through cable 15C to the winding of relay 
14TER to indicate that the call is a terminating call. The 
marker 140 also supplies the called line identity by operat 
ing one of the horizontal group relays 14 HA0-9, one 
of the vertical group relays 14VG0-11 and one of the 
vertical file relays 14VF0-4. If the called subscriber's 
line is line 3L14, for example, relays 14HA0, 14VG2 
and 14VF4 are operated. With the identifying relays 
operated, a ground connection is provided to close the 
inhibiting gate 21HGR3 and to open the enabling gate 
21HG. A similar ground connection was provided, as 
described above, for the originating call when relay 14D 
operated. With relay 14TER operated, ground is pro 
vided through either the normal contact 21 (16CT1), or 
21(16LB1), the contact 21 (14TER), contact 21 (14VF4), 
contact 21 (14VG2), and contact 21 (14HA0) to terminals 
3 of the gates 21HG and 21HGR3. ? ... - ?? . ? 
With gate 21HG open the next timing pulse from the 

pulse generator 130 through lead 8TP sets the flip-flop 
circuit 21HGS. The flip-flop circuit 21HGS switches the 
pulsing leads to the line concentrator 110 to the line 
selection and test circuit 132 instead of to the pulse gen 
erator 130. The function of the flip-flop circuit 21HGS 
was described in detail above during the description of an 
originating call. Briefly, when the flip-flop circuit. 
21HGS is set, the following functions are performed: 

(1) Gate 17VFT is opened and gate 17VFS is closed 
to transfer the vertical file pulsing to the line concentra 
tor 110 from the pulse generator. 130 to the circuit 132; 

(2) Gate 17VGT is opened and gate 17VGS1 is closed 
to transfer the vertical group pulsing to be supplied from 
the circuit 132 instead of the generator 130. For a 
terminating call the vertical group pulsing from gen 
crater 130 is stopped when gate 17VGS1 is closed. For 
an originating call the vertical group pulsing is stopped 
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when a service request pulse is received, which occurs 
before gate 17VGS1 is closed; . 

(3) Gate 17RST is opened and gate 17RS1 is closed 
to transfer the reset pulsing from the circuit 132 instead 
of from the generator 130; 

(4) The gate 17M is opened to ready the mark pulsing 
path to the concentrator 110; 

(5) Gate 18LBT is opened to allow any line busy 
pulses from the line concentrator 110 to be directed to 
the line selection and test circuit 132; 

(6) The gate 21RL is closed to prevent a false aband 
onment; 

(7) An indication of the initiation of a call to one of 
the concentrators 110-9 is provided to the traffic re 
corder 134; 

(8) Gate 18CH0 is closed to inhibit the recognition of 
service requests from lines 3L00-59; 

(9) Gate 21HGR1 is opened to ready a reset path for 
the line selection and test circuit 132 and the circuit 
120; and 

(10) Circuit 20ST is set to commence the outpulsing 
sequence in the line selection and test circuit 132. 
The outpulsing sequence in the line selection circuit 132 

is substantially identical for terminating and originating 
calls. A reset pulse is provided to the counters 7VG and 
4VF in the concentrator 110 and the terminating call 
identity is read into the counters 24VFP and 23WGP. 
The flip-flop circuit 20RHG, however, is not set when the 
called line identity is read into the counters 24VFP and 
23VGP because relays 25VFT4 and 26VGT2 in the 
register 131 have not been operated. The register counters 
25VFR and 26VGR are stopped when the pulsing paths 
are switched to the line selection circuit, but none of the 
relays 25VFT0-4, 26VGT0-11 and 21 HGT0-9 operates. 
Relay 21HGTO operates only when circuit 21HGT is set 
upon the reception of a service request pulse. When the 
circuit. 20RHG is set, as described above, it readies a path 
to the traffic recorder 134. 
The line identity is outpulsed in the same manner as 

for an originating call. The line busy check, which does 
not have significance for an originating call, is a neces 
sary check for a terminating call. It is only included in 
the originating call sequence so that the outpulsing for 
both types of calls is the same. If line 3L14 is busy, a 
line busy pulse is returned to the circuit 132 which initiates 
the release of circuit 120 and provides a busy indication 
to the marker 140. The line busy sequence was described 
above in the description of the originating call. Briefly, 
the last vertical file pulse, which is the pulse supplied from 
the circuit 19 VFLD, is transformed at the scanning unit 
3U14 to a line busy pulse. The line busy pulse is returned 
through the circuit 120 to set the flip-flop circuit 19LBA 
in circuit 132. When circuit 19LBA is set it operates re 
lay 19LB, and closes the gates 19CT3 and 20SM to prevent 
the transmission of the trunk connect potential, and to 
prevent sending mark pulses. 
When relay i9LB operates it in turn operates relay 

16LB1 which provides an indication of the busy condi 
tion of the called line 3L14 to the marker 140. When 
relay 16LB1 operates, ground is connected through the 
operated contact 12(16LB1), the normal contact 
12(16CT1), the operated contact 12(14VF4), lead 
15LH4 and cable 15C to the connector 136. 
The marker 140 thereupon returns a busy condition to: 

the calling subscriber and releases the relays 14HA0, 
14TER, 14VF4 and 14VG2. With these relays released, 
the reset path through gate 21HGR3 is opened so that the 
timing pulses are steered through amplifier 21RLS to re 
set the circuits 120 and 132. 

If line 3L14 is idle, the circuit 19LBA is not set and 
the next timing pulse sets circuit 19CTA to operate in se 
quence relays 19CT and 16CT1. When relay 16CT1 is 
operated, it readies a path for supplying the trunk con 
nect potential to the concentrator 110. 

During the outpulsing sequence, the trunk selecting se 
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quence was taking place as for an originating call. Briefly 
the operation of relay 14TER operates in sequence the 
relay 16TC and then some of the relays 16TS0-5. The 
lowest designation of the operated ones of relays 16TS0-5 
opens the operating paths for the others so that only one 
remains operated. When any of the relays 16TS0-5 op 
erate, relay 16TC is released, and when all but one release 
relay 16TSK operates, if an idle link has been selected. 
When relay i6TSKoperates it allows circuit 132 to supply 
the last vertical pulse, described above, and it readies the 
trunk connect potential path which is completed when 
relay i6CT operates. The sequence thereafter for a 
terminating call is identical to that of an originating call. 
A line-to-trunk connection is established with the various 
concentrator and central office circuit returned to normal 
when the marker 140 releases relays 14TER, 14HA0, 
4VG2 and 4VF4. 

Disconnect 
When the calling and called parties disconnect, the 

talking connection, held under control of the outgoing 
trunk 146, is released. The outgoing trunk 146 releases 
the talking connection through the switches 15CR9 and 
10CR0 by removing the holding ground potential from 
the sleeve lead of link 40L) and from the operated hold 
magnet 15HM 98 of switch 5CR9. The removal of the 
ground potential on the sleeve lead of link 10L6 causes 
the hold magnet 10HM6 to release. When the hold 
magnet 10HM6 releases, it opens the operating path 
for the associated slow release relay 10SR6. The relay 
10SR6 is a slow-release relay so that a disconnect po 
tential is provided from battery 0BD through lamp 
10LD, the normal contact 10 (14HA0), the operated con 
tact 10(19SR6) and the normal contact 10(10HM6) to 
the tip lead of the trunk 6T6. The disconnect potential 
is applied to the tip lead of trunk 6T6 as long as the re 
lay 10SR6 remains operated. If another call is in progress 
when the disconnect takes place relay 14HA0 will be. 
operated so that a disconnect potential cannot be pro 
vided. The relay 10SR6, however, is held operated as 
long as relay i4HA0 is operated. Relay 10SR6 is held 
operated over a path from ground through resistor 
11SR6, the normal contact 11(16TC), the operated con 
tact 11(14HA0), the operated contact 10(10SR6), and 
the winding of relay 10SR6 to battery 10B46. If relay, 
16TC is operated the locking path from the winding of 
relay 10SR6 is through the operated contacts 11(14HA0), 
11(16TC) and 10 (14.VG2). The contacts of relays 
14VG0-11 are connected in accordance with Fig. 29 to 
ground through one of the windings 16TS0-5 or one of 
the resistors 16E-H. With relay 14VG2 operated, the 
winding of relay 10SR6 is connected to ground through 
the winding of relay 6TS0. 
When relay 14HA9 releases, after the disconnect inter 

rupting call has been served, the battery 10BD is con 
nected to the tip lead of trunk 6T6 and relay 10SR6 is 
allowed to release. . . . 
At the line concentrator 110, the -130 volt discon 

nect potential is provided to the cathode of the disconnect 
tube 6DIS in the trunk circuit 6TR6. The tip lead of 
trunk 6T6 is connected through resistor 6R5 and varistor 
6D1 to the cathode of tube 6DIS. The anode of the gas 
tube 6DIS is connected through resistor 6R2 to the --30 
volt lead 2B4 from source. 2PS. When tube 6DIS in cir 
cuit 6TR6 ionizes, it shunts the local holding circuit of 
the operated crosspoint 3LU1 of circuit 3U14 causing it 
to release. When tube 6DIS ionizes, varistor 6D5 be 
comes reverse-biased to functionally open the connection 
from the winding of relay 3CT0 in crosspoint 3LU1 of 
circuit 3U14 to the +30 volt lead 2B4. The crosspoint 
side of varistor 6D5 is connected through resistor 6Ri, 
varistor 6D4, and resistor 6R6 to ground at source 2PS. 
The other side of the winding of relay 3CT0 is also con 
nected to ground so that relay 3CT0 releases. When re 
lay 3CT0 releases, it removes the reverse-biasing poten 
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tion from varistor 3S of the scanner circuit 3LS14, it 
opens the line busy path to the trunk circuit 6TR6 and 
it disconnects line 3L14 from trunk 6T6. When relay 
10SR6 in the central office finally releases, the -130 
volt disconnect potential is removed from the tip lead 
of trunk 6T6 allowing tube 6DIS in circuit 6TR6 to 
return to normal. - - 

MISCELLANEOUS FEATURES 

Traffic recorder 134 
To measure the amount and characteristics of the 

traffic handled by the concentrators 110-9, a traffic re 
corder 134 is utilized. The traffic recorder 134 is of the 
type disclosed in the above-identified disclosure by W. 
R. Young, Jr. The traffic recorder 134 records the service 
condition of the lines 3L00-59, etc. and of the ten sets 
of trunks 6T0-9 once each 15 seconds. 
The recorder 134 is driven by the 500 clock pulses per 

second from the counter 8BC1 in the generator 130 
through the capacitor 9C7, and by the reset pulses through 
lead 8RS and capacitor 9C8. Once each 15 seconds, the 
recorder 134, upon the reception of a reset pulse, pro 
vides an inhibiting potential to lead 18TS which is con 
nected to terminal 3 of the gates 18CH0 in circuits 
120-9. When gate 18CH0 is opened, the circuit 120 is 
insensitive to the recognition of service requests from 
lines 3L00-59. Gate 18CH0 is kept open for 120 milli 
seconds, or for one scanning cycle. The traffic recorder 
134 is readied before the reset pulse by a pulse supplied 
from stage 13VGC8 of counter 13VGC. The output 
terminal 2 of stage 13VGC8 is connected through ca 
pacitor 13C11 and resistor 13R30 to battery 13B5. Ca 
pacitor 13C11 is also connected to the traffic recorder 
134. With gate 18CH0 open the trafic recorder 134 
records the condition of trunks 6T0-9 to which it is di 
rectly connected and also any line busy pulses received 
through amplifier 18LBL, lead 14CK and capacitor 9C6. 
There is a separate lead 14CK for each of the control 
circuits 120-9. 

In addition to determining which of the lines and 
trunks are being used each 15 seconds, the recorder 134 
measures the speed with which each originating call 
receives dial tone. When a service request pulse is re 
ceived and the circuit 21HGT is set, a service request 
indication is supplied from the circuit 21HGT through 
lead 14HGT to the traffic recorder 134. When the 
marker 140 seizes the line link frame, battery9B5 is con 
nected through the operated contact 9(14D), connected to 
ground through resistor 9R5, and one of the contacts 
9(14HA0-9). When the circuit 21 HGS is set, an indi 
cation is provided through lead 18HGS to the traffic 
recorder 134. Finally when a crosspoint closure check 
is received and relay 16LB1 operated, an indication of 
dial-tone reception is provided from terminal 2 of cir 
cuit 20RHG, through the operated contacts 20016CT1), 
20(16LB1), 20014D), 20014HA0) and lead 19DT to 
the recorder 134. Lead 19DT is also connected through 
resistor 20R10 to battery 20B2. Circuit 20RHG is set, 
as described above, only for originating a call. If relay 
14D is normal, a path is provided through lead 20DT 
to the recorder 134. The lead 2.0DT is connected to 
battery 20B2 through resistor 20R9. 

In this manner, the recorder 134 records each step of 
serving in the sequence of providing dial tone. 
The recorder 134, finally, also receives an indication 

of all trunks busy when relay 16TM operates. Ground is 
connected through contacts 9(16TM) and 9(14D) to the 
recorder 134. The contact 9(14D) is connected to bat 
tery 9B6 through resistor 9R12. 

Service denial 
In most systems denial of originating service for non 

payment of telephone service charges, for trouble inter 
iception and for permanent signals caused by cable failures 
or prolonged receiver off-hook conditions may be treated 
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at the central office. To avoid visiting the concentrators 
110-9 and to enable the prompt clearing of trouble con 
ditions which tie up concentrator trunks, a service denial 
feature at the central office is utilized. The service de 
nial is provided for by utilizing patch panels 25P and 26P. 
The patch panels 25P and 26P, as shown by the dotted 
-connection, are set to deny service to line 3L14. Each 
time stage 13VGR2 is set a potential is provided through 
resistor 26R18 to forward-bias the varistor 25D9. The 
varistor 25D9 is normally reverse-biased due to its connec 
tion to battery 21B1 in the amplifier 21HGTA. With 
varistor 25D9 forward-biased, the next vertical file pulse 
4 from stage 25VFR4 is supplied through the patch panel 
25P, capacitor 25C18, varistor 25D9 and amplifier 
21HGTA to the resetterminal of circuit 21HGT. Ampli 
fier 21HGTA provides a relatively long pulse, as described 
above, so that circuit 21HGT is insensitive to an input or 
service request pulse from line 3L14. Line 3L14 cannot, 
therefore, originate a call because circuit 21HGT is dis 
abled each time line 3L14 is scanned. In this manner, 
service requests can be ignored and originating call service 
on particular lines is prevented until a trouble locating 
or other administrative procedure has been invoked. 
Service denial can be provided to any number of lines 
merely providing additional connections at the panels 
25P and 26P. 

All trunks busy 
If all the trunks 6T0-9 are busy a slow-to-operate relay 

16TM is allowed to operate. The relay 16TM normally 
does not operate when a trunk is available. When a 
trunk is available the relay 16TC will operate and release 
before the relay 16TM, which is connected to battery 16B3, 
has a chance to operate. If relay 16TM does operate a 
ground is extended through the resistor 15HGK0, contact 
15(14HA0), contact 15(16TM) and one of the three 
contacts 15(14CBF), 15(14D) or 15 (14TER) through 
cable 15C to the line link connector 136. The operated 
relay 16TC makes all links 10L0-9 on the line link frame 
141 appear busy and the marker 140 will encounter 
a failure to match. The sleeve lead of the links 10L0-9 
are connected through contacts 10(16TC), 10(14HA0-9), 
leads 15LL0-9 and cable 15C to the connector 136. The 
ground through resistor 15HGKO to the line link connector 
136 prevents a marker failure by indicating a busy condi 
tion. 
When relay 16TM operates, it also provides to the re 

corder 134, as described above, an indication that all 
trunks are busy. 

Check circuit and timing circuit 
The line.3L59 is permanently made busy at the concen 

trator 110, and a continuous check of the line busy pulsing 
is made. The line 3L59, is made, busy by providing a 
connection, not shown, from the capacitor 3C of the 
scanning circuit 3LS59 to the input terminal 1 of the line 
busy amplifier 2LB. Whenever line 3L59 is scanned, a 
line busy pulse is returned to the central office. At the 
central office the line busy pulses from line 3L59 are 
monitored. If a line busy pulse from line 3L59 is not 
returned a trouble indication is provided. 

Each time, the stage 13VGC11 of counter 13VGC is 
set, it provides an enabling potential to the gate 9PK. 
The input terminal 1 of gate.9PK is connected to the 
output terminal 2 of stage 13VFC3. The vertical file 
pulse 58 is therefore provided through gate 9PK to set 
the circuit 9CK. When the circuit 9CK is set, it energizes 
the slow-to-operate relay 9SCA which is connected to 
battery 9B3. When relay 9SCA operates, it shorts relay 
9SCK. Before relay 9SCK can release, circuit 9CK is 
reset by the line busy pulse from line 3L59. The line busy 
pulse is provided through the amplifier .18LBL, lead 
14CK, capacitor 9C16 and varistor 9D7 to the reset termi 
nal 3of circuit 9CK. 
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In this manner, the circuit 9CK is set each time the 
vertical file pulse 58 is sent to the concentrator 110, 
and is reset by the line busy pulse from line 3L59. If 
the line busy pulse fails to arrive, relay 9SCA operates 
and shunts the winding of relay 9SCK to ground. The 
winding of relay 9SCK is connected through resistor 9R1 
to battery 9B. When relay 9SCK releases it closes a 
path from battery 9B2 through resistors 9R2 and 9R3 
to bring in an alarm. A trouble indicator 9L is con 
nected across resistor 9R2. 

If scanning is interrupted, the line busy pulse cannot 
be returned to reset the circuit 9CK. When a call is 
being served, however, timing pulses through lead 8TP, 
capacitor 9C24 and gate 9CKR are provided to the reset 
terminal 3 of circuit 9CK. Gate 9CKR is normally closed 
due to the connection of its terminal 3 through resistor 
9R4 to battery 9B4. When circuit 21HGT is set for an 
originating call or circuit 21HGS for a terminating call an 
enabling potential is provided through varistors 9D8 and 
9D19, respectively, to open gate 9CKR. 
Another feature is provided to check for failure to get 

a marker 140 on an originating call. When a service re 
quest pulse is received and relay 21HGTO operated, bat 
tery 14B9 is connected to the amplifier 14TM which is 
normally off due to the connection of terminal 1 through 
resistor 14R3 to battery 14B10. The amplifier 14TM in 
cludes a delay circuit, not shown, which delays the op 
eration of relay 14TR for 12 to 15 seconds. The winding 
of relay 14TR is connected between terminal 2 and 
battery 1487. Before relay 14TR operates, however, dial 
tone is normally provided to the calling subscriber and the 
circuit 120 returned to normal. The reset pulse provided 
to reset circuit 2HGT is also provided to inhibit the 
operation of the amplifier 14TM. It is provided to the 
base of the first transistor, not shown. 

If the circuit 21HGT is not reset, relay 14TR is al 
lowed to operate and connect battery 14B8 through re 
sistors 4R10 and 14R9. Battery 14B8 is also connected 
through key 14TRB to operate relay 4TRA. When re 
lay 14TRA operates, it connects the reset lead 8RS 
through capacitor 4C33 to the reset terminal 3 of circuit 
2HGT. In this manner, if circuit 21HGT is not reset, 
the next reset pulse from generator 130 functions to 
return circuit 20 to normal. 
The above-described circuit arrangements are illus 

trative of the application of the principles of the inven 
tion. Numerous other arrangements may be devised by 
those skilled in the art without departing from the spirit 
and scope of the invention. For example, instead of 
three-pair signaling circuits, two-pair signaling circuits 
could be utilized. For two-pair signaling bidirectional 
signaling over one of the two pairs would be utilized. 
The vertical group and reset pulses are then provided to 
the concentrators and the line busy and service request 
pulses are provided to the central office over the same 
control pair. The vertical file and mark pulses are pro 
vided to the concentrator over the other control pair. 
To provide for the bidirectional signaling, blocking am 
plifiers may be utilized at the central office to inhibit 
false reception when pulses are transmitted. The reset 
pulses are provided in the vertical group time slot in 
stead of the vertical file time slot to avoid the possibility 
of a service request or line busy pulse from a reset pulse. 
In addition to avoid possible interference, first the ver 
tical group outpulsing would take place, and then the 
vertical file outpulsing would take place instead of the 
simultaneous outpulsing operation described above. 

Other possible modifications, by way of further ex 
ample, are to vary the number of lines or trunks con 
nected to each concentrator, or to vary the number of 
concentrators for each line link frame. It is evident, 
therefore, that numerous other arrangements may be de 
vised by those skilled in the art without departing from 
the spirit and scope of the invention. . . . . . . . . . . . 
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What is claimed is: 
1. A line concentrator telephone system comprising 

a plurality of subscriber lines, a central office, a plurality 
of trunks less in number than said plurality of subscriber 
lines and extending from said central office, an automatic 
line concentrator having access to said trunks and con 
trolled by said central office for establishing connections 
between said lines and said trunks, and a signaling ar 
rangement located partially at said concentrator and par 
tially at said central office and effective upon the opera 
tion of said concentrator for providing an indication to 
said central office of the establishment of the connection 
from one of said lines to one of said trunks. 

2. A line concentrator telephone system comprising 
a plurality of Subscriber lines, a central office, a plurality 
of trunks less in number than said plurality of subscriber 
lines and extending from said central office, an auto 
matic line concentrator having access to said trunks and 
controlled by said central office for establishing connec 
tions between said lines and said trunks, and a signal 
ing arrangement located partially at said concentrator 
and partially at said central office for providing an in 
dication to said central office of the establishment of a 
connection of one of said lines to one of said trunks, said 
concentrator having a plurality of crosspoints with each 
connected on one side to one of siad lines and on the 
other side to one of said trunks, said signaling system 
including means for supplying a marking potential to the 
line side of all of said crosspoints connected to any one 
of said lines, means for Supplying a connect potential 
over one of Said trunks to the trunk side of one of said 
marked crosspoints, and means responsive to the simul 
taneous application of mark and connect potentials to any 
one of said crosspoints for supplying an indication there 
of to said central office. 

3. A line concentrator telephone system comprising 
a plurality of subscriber lines, a central office, a plural 
ity of trunks less in number than said plurality of sub 
Scriber lines and extending from said central office, an 
automatic line concentrator having access to said trunks 
and controlled by said central office for establishing con 
nections between said lines and said trunks, and a signal 
ing arrangement located partially at said concentrator 
and partially at said central office for providing an indi 
cation to said central office of the establishment of a 
connection of one of said lines to one of said trunks, said 
signaling system including means at said central office 
for Supplying a series of mark pulses to said concentrator, 
means at said concentrator responsive to the one of said 
mark pulses for operating said concentrator to establish 
a connection between one of said lines and one of said 
trunks, and means effective upon the operation of said 
concentrator operating means for returning the follow 
ing mark pulses to said central office as line busy pulses 
to indicate the establishment of the connection. 

4. A line concentrator telephone system comprising 
a plurality of Subscriber lines; a central office; a plural 
ity of talking trunks less in number than said plurality 
of lines extending from said central office; and an auto 
matic line concentrator for connecting said lines and 
Said trunks having means for connecting said lines with 
Said trunks on a random slip basis, scanning means for 
cyclically determining the condition of said lines and 
for pulsing an indication of said condition to said cen 
tral office, and means for providing an indication of the 
establishment of a line-to-trunk connection to said cen 
tral office; Said central office having timing means for 
controlling said scanning means, and preference circuit 
means controlled by said scanning means for selectively 
connecting said trunks associated with one of said lines 
in a predetermined order of preference with said one line 
and for providing an indication of said preference to said 
connecting means in said concentrator. 

5. A line concentrator telephone system comprising a 
plurality of subscriber lines, a plurality of talking trunks 
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less in number than said plurality of lines, a central office, 
and a remotely located line concentrator controlled by 
said central office for establishing connections between 
said lines and said trunks, an originating register at said 
central office for registering dial pulses, means at said 
concentrator responsive to the service request condition 
of any one of said lines for supplying the identity of said 
service requesting line to said central office, means at 
said central office controlled by said supply means for 
selecting an idle one of said trunks and for initiating the 
operation of said concentrator to connect said service re 
questing line to said selected trunk, means at said central 
office controlled by said select and initiating means for 
connecting said selected trunk to said register, means con 
trolled by said register upon the completion of dialing for 
disconnecting said register from said selected trunk while 
maintaining the connection from said service requesting 
line to said selected trunk, an outgoing trunk at said 
central office, and means controlled by said register upon 
completion of dialing for establishing a connection for 
said selected trunk to said outgoing trunk which is still 
connected to said service requesting line. 

6. A line concentrator telephone system in accordance 
with claim 5 comprising in addition means at said concen 
trator for cyclically scanning said plurality of subscriber 
lines, means responsive to the service request condition 
of any one of said lines for halting the operation of said 
Scanning means, means effective upon the establishment 
of a connection from said service requesting line to said 
selected trunk by said concentrator for resuming the 
operation of said scanning means, and means for main 
taining the operation of said scanning means during the 
operation of said register disconnect means and the 
operation of said outgoing trunk connection establishing 
IléalS. 

7. In a telephone system, a central office, a plurality 
of lines, a plurality of trunks less in number than said 
plurality of lines and connected to said central office, a 
line concentrator for establishing connections from any 
one of said lines to an idle one of said trunks, means for 
registering dial pulses, means responsive upon the ini 
tiating of a calling condition on any one of said lines 
for operating said line concentrator and for completing a 
dial connection from the connected one of said trunks to 
said register means, and means responsive upon the com 
pletion of dialing for disconnecting said register means 
from said connected trunk and for extending the talking 
connection from said connected trunk in accordance with 
the dialed digits. 

8. A line concentrator telephone system comprising a 
plurality of subscriber lines; a central office; a plurality 
of talking trunks less in number than said plurality of 
lines and extending from said central office; and an 
automatic line concentrator for connecting said lines and 
said trunks having means for connecting said lines with 
said trunks on a random slip basis, scanning means for 
cyclically determining the condition of said lines and for 
supplying an indication of said condition to said central 
office, and means for providing an indication of the estab 
lishment of a line-to-trunk connection to said central 
office; said central office having timing means for con 
trolling said scanning means, and means for establishing 
a call-back connection without interrupting the operation 
of said scanning means. 

9. A line concentrator telephone system in accordance 
with claim 8 wherein said call-back connection establish 
ing means comprises means for determining which one 
of said trunks was connected to said line for the dialing 
connection, 

10. A line concentrator telephone system in accord 
ance with claim 9 wherein said central office comprising 
in addition a register connectable to any one of said 
lines, means controlled by said, scanning means for con 
necting said register to any one of said lines, and means 
for releasing said register after the operation of said 
determining means. - 75. 
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11. In a common control telephone system, a plurality 

of Subscriber lines arranged in concentrator groups, a 
line concentrator for each of said groups of lines, a cen 
tral office, a plurality of trunks for each of said concen 
trators being smaller in number than the number of lines 
in Said group connected to the said concentrator and 
extending from said central office, means at said central 
office effective during both originating and terminating 
calls for outpulsing the identity of one of said lines to the 
associated one of said concentrators, means at said cen 
tral office concurrently operating with said outpulsing 
means for selecting and marking one of said trunks asso 
ciated with said associated concentrator, and means at 
each of said concentrators for establishing line-to-trunk 
connections under the dual control of said outpulsing 
means and said selecting means. 

12. An automatic telephone system comprising a cen 
tral office, remote stations, a switching network at said 
office and at each of said stations, trunks interconnecting 
said station networks with said office network, lines con 
nected to each of said stations, means at each of said 
stations effective. upon the origination of a call on one 
of said lines connected thereto for supplying an indication 
thereof to said central office, means at said central office 
responsive to the reception of an originating call indica 
tion for identifying the station to which said originating 
line is connected and to identify said originating line, 
means at said central office effective upon the initiation of 
a terminating call to any one of said lines for identifying 
the station to which said terminating line is connected and 
for identifying said terminating line, and common con 
trol means at said central office controlled by either of 
said identifying means for operating said network at said 
identified station to establish a line-to-trunk connection. 

13. An automatic telephone system in accordance with 
claim 12 wherein each of said stations includes means for 
Supplying an indication of the connection establishment 
to said central office. 

14. An automatic telephone system comprising a cen 
tral office, remote stations, a switching network at said 
office and at each of said stations, trunks interconnecting 
said station networks with said office network, lines con 
nected to each of said stations, means at each of said sta 
tions effective upon the origination of a call on one of 
said lines connected thereto for supplying an indication 
thereof to said central office, means at said central office 
responsive to the reception of an originating call indication 
for identifying the station to which said originating line 
is connected and to identify said originating line, means 
at said central office effective upon the initiation of a ter 
minating call to any one of said lines for identifying the 
Station to which said terminating line is connected and 
means at each of said stations for supplying an indication 
of the connection establishment by the associated one of 
said networks to said central office, and means operative 
during the establishment of a call-back connection for 
allowing the operation of said central office network while 
preventing the release or operation of said station net 
works. 

15. An automatic telephone system comprising a cen 
tral office, remote stations, a switching network at said 
office and at each of said stations, trunks interconnecting 
said station networks with said office network, lines con 
nected to each of said stations, means at each of said 
stations effective upon the origination of a call on one 
of said lines connected thereto for supplying an indication 
thereof to said central office, means at said central office 
responsive to the reception of an originating call indication 
for identifying the station to which said originating line 
is connected and to identify said originating line, means 
at said central office effective upon the initiation of a ter 
minating call to any of said lines for identifying the station 
to which said terminating line is connected, and means at 
said central office for inhibiting the operation of said 
originating call identifying means for any of said lines. 
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16. In a telephone system, a central office, a subsidiary 
office, a plurality of subscriber lines at said subsidiary 
office having idle and busy and service request conditions, 
a plurality of talking trunks connecting said central office 
and said subsidiary office, a line scanner at said subsidiary 
office for cyclically determining the service condition of 
said lines and for providing an indication thereof to said 
central office, means at said central office for starting and 
stopping the operation of said line Scanner, means at said 
central office responsive upon the reception of a service 
request indication from said scanner for causing Said start 
stop means to stop the operation of said line scanner, 
means at said subsidiary office for connecting any one of 
said lines to a selected one of said trunks, means at said 
central office responsive upon the reception of a service 
request indication from said scanner for selecting an idle 
one of said trunks and initiating the operation of said 
connecting means, means at said subsidiary office re 
sponsive upon the operation of said connecting means for 
supplying an indication of the establishment of a line-to 
trunk connection to said central office, and means at said 
central office responsive upon the reception of said line 
to-trunk connection establishment indication for causing 
said start-stop means to restart the operation at said 
SCane. 

17. A remote line concentrator telephone system com 
prising a plurality of telephones, a subscriber line con 
nected to each of said telephones, a central office, a plu 
rality of concentrator trunks being less in number than 
the number of said lines and extending from said central 
office, a switching network interconnecting said lines and 
said trunks having means defining crosspoints between 
said lines and said trunks capable of defining conducting 
paths on application of marking potentials thereto, means 
at said central office for supplying marking potentials to 
all of said crosspoints associated with one of said trunks, 
means at said central office for supplying a series of mark 
pulses to all of said crosspoints associated with one of said 
lines whereby one of said crosspoints is operated, and 
means at said switching network responsive upon the op 
eration of any one of said crosspoints for returning said 
series of mark pulses to said central office as an indication 
of crosspoint operation. 

18. A line concentrator telephone system comprising 
a plurality of subscriber lines, a central office, a plurality 
of trunks less in number than said plurality of subscriber 
lines and extending from said central office, and an auto 
matic line concentrator controlled by said central office 
for establishing connections between said lines and trunks 
for terminating and for originating calls, a line scanner at 
said concentrator for cyclically determining the condition 
of said lines and for supplying an indication of said con 
dition to said central office, means at said central office 
and controlled by said line scanner when a service request 
indication is received for halting the operation of said 
line scanner and for registering the identity of said service 
requesting line, means at said central office controlled by 
said halting means for selecting an idle one of said trunks 
and for supplying the identity of said service requesting 
line back to said line scanner, and means at Said concen 
trator controlled by said selecting means and said line 
scanner for establishing a connection from said service 
requesting line to said selected trunk. 

19. A line concentrator telephone system comprising a 
plurality of subscriber lines, a plurality of talking trunks 
less in number than said plurality of lines, a central office, 
and a remotely located line concentrator controlled by 
said central office for establishing connections between 
said lines and said trunks, a Source of scanning pulses 
at said central office, a line scanner at said concentrator 
and controlled by said source for cyclically selecting each 
of said lines and for determining the service condition 
thereof, a line selection circuit at said central office and 
connectable to said line scanner for outpulsing the identity 
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of one of said lines to said line scanner at a faster rate 
than the rate of scanning pulses from said source, and 
means at said central office and controlled by said line 
scanner for disconnecting said source from said line scan 
ner and for connecting said line selection circuit to said 
line scanner. 

20. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a cen 
tral office, and a remotely located line concentrator con 
trciled by said central office for establishing connections, 
between said lines and said trunks, a source of scanning 
pulses at said central office, a line scanner at said con 
centrator and controlled by said source for cyclically se 
lecting each of said lines and for determining the service: 
condition thereof, a line selection circuit at said central 
office and connectable to said line scanner for outpulsing 
the identity of one of said lines to said line scanner at 
a faster rate than the rate of scanning pulses from said 
source, and means at said central office effective upon the 
initiation of a terminating call to any one of said lines: 
for disconnecting said line scanner from said source and 
for connecting said line Scanner to said line selection 
circuit. 

21. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a cen 
tral office, and a remotely located line concentrator con 
trolled by said central office for establishing connections 
between said lines and said trunks, a source of scanning 
pulses at said central office, a line scanner at said con 
centrator and controlled by said source for cyclically se 
lecting each of said lines and for determining the service 
condition thereof, a line selection circuit at said central 
office and connectable to said line scanner for outpulsing 
the identity of one of said lines to said line scanner at a 
faster rate than the rate of scanning pulses from said 
source, means at said central office controlled by said 
line scanner for selecting an idle one of said trunks and 
for providing an indication thereof to said concentrator, 
means at said concentrator and controlled by said line 
scanner and said trunk selecting means for establishing 
a line-to-trunk connection, and means at said central 
office for delaying the completion of the outpulsing op 
eration by said line Selection circuit until the completion 
of the operation of said trunk selecting means. 

22. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a cen 
tral office, and a remotely located line concentrator con 
trolled by said central office for establishing connections 
between said lines and said trunks, a source of scanning 
pulses at said central office, a line scanner at said con 
centrator and controlled by said source for cyclically 
selecting each of said lines and for determining the serv 
ice condition thereof, a line selection circuit at said cen 
tral office and connectable to said line scanner for out 
pulsing the identity of one of said lines to said line scan 
ner at a faster rate than the rate of scanning pulses from 
said source, means at said concentrator for providing an 
indication to said central office of the establishment of 
the line-to-trunk connection, and switching means at said 
central office responsive upon the reception of a connec 
tion establishment indication from said concentrator for 
disconnecting said line selection circuit from said line 
scanner and for reconnecting said source to said line 
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scanner. 
23. A line concentrator telephone system comprising 

a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a cen 
tral office, and a remotely located line concentrator con 
trolled by said central office for establishing connections 
between said lines and said trunks, a source of scanning 
pulses at said central office, a line scanner at said con 
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centrator and controlled by said source for cyclically se 
lecting each of said lines and for determining the service 
condition thereof, a line selection circuit at said central 
office and connectable to said line scanner for outpulsing 
the identity of one of said lines to said line scanner at a 
faster rate than the rate of scanning pulses from said 
source, means at said central office controlled by said line 
scanner for selecting an idle one of said trunks and for 
providing an indication thereof to said concentrator, 
means at said concentrator and controlled by Said line 
scanner and said trunk selecting means for establishing 
a line-to-trunk connection, and means at said concen 
trator for providing to said central office an indication 
of the line-to-trunk connection establishment. 

24. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a cen 
tral office, and a remotely located line concentrator con 
trolled by said central office for establishing connections 
between said lines and said trunks, a source of scanning 
pulses at said central office, a line scanner at said con 
centrator and controlled by said source for cylically se 
lecting each of said lines and for determining the Service 
condition thereof, a line selection circuit at said central 
office and connectable to said line scanner for outpulsing 
to said line scanner a series of pulses comprising the 
identity of one of said lines, and means at said central 
office responsive upon the initiation of a terminating call 
to any one of said lines for disconnecting said line scan 
ner from said source and for connecting said line scanner 
to said line selection circuit, said line selection circuit 
including means for making a line busy test before the 
completion of its outpulsing operation. - 

25. A line concentrator telephone system in accord 
ance with claim 24 wherein said line busy test means in 
cludes means, for delaying the last pulse of said series of 
pulses representing the identity of said line, and means 
for utilizing said last pulse as a line busy test pulse as 
well as part of the line identity pulses. 

26. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking trunks 
less in number than said plurality of lines, a central office, 
and a remotely located line concentrator controlled by 
said central office for establishing connections between 
said lines and said trunks, a source of scanning pulses at 
said central office, a line scanner at said concentrator and 
controlled by said source for cyclically selecting each of 
said lines and for determining the service condition there 
of, a line selection circuit at said central office and con 
nectable to said line scanner for outpulsing the identity 
of one of said lines to said line scanner, means at said 
central office and controlled by said line scanner for dis 
connecting said source from said line scanner and for 
connecting said line selection circuit to said line scanner, 
means at said central office effective upon the initiation 
of a terminating call to any one of said lines for discon 
necting said line scanner from said source and for con 
necting said line scanner to said line selection circuit, 
means at said central office controlled by said line scanner 
for selecting an idle one of said trunks and for providing 
an indication thereof to said concentrator, means at said 
concentrator and controlled by said line scanner and said 
trunk selecting means for establishing a line-to-trunk con 
nection, and means in said line selection circuit for mak 
ing a line busy test for both originating and terminating 
calls before the completion of the outpulsing operation. 

27. A line concentrator telephone system comprising 
a plurality of subscriber lines having idle and service re 
quest conditions; a central office; a plurality of talking 
trunks less in number than said plurality of lines and 
extending from said central office; a plurality of control 
pairs less in number than said plurality of trunks and 
extending from said central office; a line concentrator con 
nected to said -talking trunks, to said control leads and 
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to said subscriber lines for providing a connection be 
tween any one of said subscriber lines and any one of 
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a predetermined group of said trunks associated with 
said line; means including said control leads and located 
partially at said concentrator and partially at said central 
office and responsive to the service request condition of 
any one of said lines for establishing a dial-tone connec 
tion through one of said trunks from said service re 
questing line; means at said concentrator for holding the 
connection between said line and said trunk when the 
rest of the dial-tone connection is released; and means at 
said central office effective during call back for releasing 
the dial-tone connection and for determining the identity 
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of said trunk utilized for the dial-tone connection. 
28. A telephone system comprising a plurality of sub 

scriber lines, a plurality of talking trunks, a central office, 
a switching network controlled by said central office for 
establishing connections between said lines and said 
trunks, a line scanner associated with said network for 
determining the service condition of said lines and for 
supplying indications of said conditions to said central 
office, means at said central office responsive to a service 
request indication from said line scanner for halting the 
operation of said line scanner and for establishing a dial 
tone connection through one of said trunks to the service 
requesting one of said lines, means effective upon the 
establishment of the dial-tone connection for restarting 
said line scanner, and means effective when dialing is 
completed for establishing a call-back connection with 
out interrupting the operation of said line scanner. 

29. A line concentrator telephone system comprising 
a plurality of subscriber, lines having idle and service re 
quest conditions; a central office; a plurality of talking 
trunks less in number than said plurality of lines and 
extending from said central office; a plurality of control 
pairs less in number than said plurality of trunks and 
extending from said central office; a line concentrator 
connected to said talking trunks, to said control leads and 
to said subscriber lines for providing connections between 
said subscriber lines and said trunks; means including said 
control leads located partially at said concentrator and 
partially at said central office and responsive to the service 
request condition of any one of said lines for establish 
ing a dial-tone connection through one of said trunks 
from said service requesting line; means at said concen 
trator for holding the connection between said line and 
said trunk when the rest of the dial-tone connection is 
released; means at said central office effective during the 
establishment of a call back connection for releasing the 
dial-tone connection and for determining the identity 
of said trunk utilized for the dial-tone connection; and 
means controlled by said determining means for estab 
lishing the call-back connection to said service requesting 
line through said trunk utilized for the dial-tone connec 
tion. 

30. A line concentrator telephone system comprising 
a plurality of subscriber lines having idle and service 
request conditions; a central office; a plurality of talking 
trunks less in number than said plurality of lines and 
extending from said central office; a plurality of control 
pairs less in number than said plurality of trunks and 
extending from said central office; a line concentrator 
connected to said talking trunks, to said control leads 
and to said subscriber lines for providing connections 
between said subscriber lines and said trunks; a line link 
frame at said central office and including an auxiliary 
switch connected to said trunks; a switching network at 
said central office and connected to said line link frame; 
a Switching network at said concentrator and connected to 
said trunks; a line scanner at said concentrator for deter 
mining the condition of said lines and for supplying indica 
tions thereof to said central office during normal scanning 
and for partially controlling the operation of said concen 
trator network when a call is being served and normal scan 
ning is halted; an originating register at said central office 
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connectable to said auxiliary switch; a concentrator reg 
ister at said central office for registering the identity of 
said line being scanned; a pulse generator at said central 
office for synchronously operating said line scanner with 
said concentrator register; means at said central office 
and responsive to a service request indication through 
said control pairs from said line scanner for halting the 
operation of said line scanner and said concentrator 
register whereby the identity of said service requesting 
line is registered; means controlled by said concentrator 
register, for operating said central office switching net 
work to establish a connection from said auxiliary switch 
to said originating register; means controlled by said 
concentrator register for outpulsing the identity of said 
service requesting line over said control pairs to said line 
scanner; means controlled by said concentrator register 
for selecting an idle one of said trunks; means controlled 
by said selecting means and effective after the operation 
of said outpulsing means for supplying a connect poten 
tial over said selected trunk to said concentrator; means 
at said concentrator responsive to said connect potential 
for operating said concentrator network to connect said 
service requesting line to said selected trunk; means at 
said concentrator responsive to the operation of said 
concentrator network for supplying an indication of the 
operation of said concentrator network over said control 
pairs to said central office; and means at said central office 
responsive to said network operation indication for oper 
ating said auxiliary switch to complete a connection from 
said service requesting line to said originating register. 

31. A line concentrator telephone system in accordance 
with claim 30 wherein the rate of said outpulsing is 
greater than the scanning rate of said line scanner. 

32. A line concentrator telephone system comprising 
a plurality of subscriber lines having idle and service re 
quest conditions; a central office; a plurality of talking 
trunks less in number than said plurality of lines and 
extending from said central office, said trunks being ar 
ranged in groups which are associated with said lines; a 
plurality of control pairs less in number than said plu 
rality of trunks and extending from said central office; 
a line concentrator connected to said talking trunks, to 
said control leads and to said subscriber lines for pro 
viding a connection between any one of said subscriber 
lines and any one of a predetermined line associated 
group of said trunks; a line link frame at said central 
office and including an auxiliary switch connected to said 
trunks; a switching network at said central office and 
connected to said line link frame; a switching network at 
said concentrator and connected to said trunks; a line 
scanner at said concentrator for determining the condi 
tion of said lines and for supplying indications thereof 
to said central office during normal scanning and for par 
tially controlling the operation of said concentrator net 
work when a call is being served and normal scanning is 
halted; an originating register at said central office con 
nectable to said auxiliary switch; a concentrator register 
at said central office for registering the identity of said 
line being scanned; a pulse generator at said central office 
for synchronously operating said line scanner with said 
concentrator register; means at said central office and 
responsive to a service request indication through said 
control pairs from said line scanner for halting the opera 
tion of said line scanner and said concentrator register; 
means controlled by said concentrator register for oper 
ating said central office switching network to establish a 
connection from said auxiliary switch to said originating 
register; means controlled by said concentrator register 
for outpulsing the identity of said service requesting line 
over said control pairs to said line scanner; means con 
trolled by said concentrator register for selecting an idle 
one of said trunks; means controlled by said selecting 
means and effective after the operation of said outpulsing 
means for supplying a connect potential over said selected 
trunk to said concentrator; means at said concentrator 
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responsive to said connect potential for operating said 
concentrator network to connect said service requesting 
line to said selected trunk; means at said concentrator 
responsive to the operation of said concentrator network 
for supplying an indication of the operation of said con 
centrator network over said control pairs to said central 
office; means at said central office responsive to said 
network operation indication for operating said auxiliary 
switch to complete a connection from said service re 
questing line to said originating register; means effective 
when dialing is completed for releasing said central office 
network and said auxiliary switch while maintaining the 
connection by said concentrator network from said serv 
ice requesting line to said selected trunk; and means at 
said central office effective when dialing is completed but 
before the release of said auxiliary switch for determin 
ing the identity of said selected trunk. 

33. A line concentrator telephone system in accordance 
with claim 32 comprising in addition means at said cen 
tral office and controlled by said trunk identity deter 
mining means for establishing a call-back connection 
through said central office network and said auxiliary 
switch to said selected trunk. 

34. In a common control telephone system, a plural 
ity of subscriber lines arranged in groups; a line concen 
trator for each of said groups of lines; a central office; a 
plurality of trunks for each of said concentrators being 
smaller in number than the number of lines in said group 
connected to the said concentrator, said trunks extending 
from said central office; means at said central office ef 
fective during both originating and terminating calls for 
outpulsing the identity of one of said lines to the asso 
ciated one of said concentrators; means at said central 
office concurrently operating with said outpulsing means 
for selecting and marking one of said trunks connected to 
said associated concentrator; and means at each of said 
concentrators for establishing line-to-trunk connections 
under the dual control of said outpulsing means and said 
selecting means; said outpulsing means including means 
for making a line busy test and for receiving an indication 
of the completion of the trunk selection by said trunk se 
lecting and marking means before outpulsing is completed, 
and means for supplying an indication of the completion 
of outpulsing to said trunk selecting and marking means; 
said trunk selecting and marking means including means 
for supplying an indication of the completion of trunk 
selection to said line busy test and receiving means, and 
means for delaying marking said selected trunk until out 
pulsing is completed. 

35. In a telephone system a plurality of subscriber 
telephones, a satellite office, a subscriber line connecting 
each of said telephones to said satellite office, a central 
office remote from said satellite office, at least one trunk 
connecting said offices, switching means at said satellite 
office for connecting any one of said subscriber lines to 
said trunk, scanning means at said satellite office for 
scanning said lines in succession and for transmitting to 
said central office an indication of the service condition 
of said lines, a marker at said central office, means con 
trolled by said scanning means for initiating the operation 
of said marker, means effective when a call is made to any 
one of said lines for initiating the operation of said mark 
er, and means controlled by said marker for operating 
said switching means. - 

36. In a telephone system a plurality of subscriber 
telephones, a satellite office, a subscriber line connecting 
each of said telephones to said satellite office, a central 
office remote from said satellite office, at least one trunk 
connecting said offices, switching means at said satellite 
office for connecting any one of said subscriber lines to 
said trunk, scanning means at said satellite office for 
scanning said lines in succession and for transmitting to 
said central office an indication of the service condition of 
said lines, a marker at said central office, means controlled 
by said scanning means for initiating the operation of said 
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marker, means effective when a call is made to any one 
of said lines for initiating the operation of said marker, 
means controlled by said marker for operating said switch 
ing means, means at said central office and effective upon 
the termination of a call for initiating the release of said 
switching means, and means effective as long as said 
marker is operating to establish a connection for another 
of said lines for delaying said release initiating means. 

37. In a telephone system a plurality of subscriber 
telephones, a satellite office, a subscriber line connecting 
each of said telephones to said satellite office, a central 
office remote from said satellite office, at least one trunk 
connecting said offices, switching means at said satellite 
office for connecting any one of said subscriber lines to 
said trunk, scanning means at said satellite office for 
scanning said lines in succession and for transmitting 
to said central office an indication of the service condition 
of said lines, a marker at said central office, means con 
trolled by said scanning means for initiating the operation 
of said marker, means effective when a call is made to any 
one of said lines for initiating the operation of said 
marker, means controlled by said marker for operating 
said switching means, means at said central office and 
effective upon the termination of a call for initiating the 
release of said switching means, means effective as long 
as said marker is operating for delaying said release in 
itiating means, and means for inhibiting the operation 
of said marker initiating means that is controlled by said 
scanning means for calls originated at predetermined ones 
of said lines. 

38. In a telephone system a plurality of subscriber 
telephones, a satellite office, a subscriber line connecting 
each of said telephones to said satellite office, a central 
office remote from said satellite office, at least one trunk 
connecting said offices, control pairs connecting said 
offices through which all the operating power for said 
satellite office is supplied on a phantom basis from said 
central office, switching means at said satellite office for 
connecting any one of said subscriber lines to said trunk, 
scanning means at said satellite office for scanning said 
lines in succession and for transmitting to said central 
office over said control pairs an indication of the service 
condition of said lines, a marker at said central office, 
means controlled by said scanning means for initiating the 
operation of said marker, means effective when a call is 
made to any one of said lines for initiating the operation 
of said marker, and means including said control pairs 
and controlled by said marker for operating said switch 
ing means. 

39. In an electrical system comprising a central station 
and a plurality of lines remote from that station, each of 
said lines having an idle and a service request condition, 
means including counters remotely located with said lines 
for relaying to said station information as to the con 
dition of said lines, means at said central station for re 
ceiving said relayed information and for halting the oper 
ation of said relaying means when the received informa 
tion indicates a service request condition on any one of 
said lines, and means including said counters and con 
trolled by said receiving and halting means for establish 
ing a connection from said station to said service re 
questing line. m 

40. In an electrical system comprising a central sta 
tion and a plurality of lines remote from that station, 
each of said lines having an idle and a service request 
condition, means including counters remotely located with 
said lines for relaying to said station information as to 
the condition of said lines, means at said central station 
for receiving said relayed information and for halting the 
operation of said relaying means when the received in 
formation indicates a service request condition on any 
one of said lines, means including said counters and con 
trolled by said receiving and halting means for establish 
ing a connection from said station to said service request 
ing line, and means effective upon the operation of said 
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connection establishing means for restarting said relay 
ing means. 

41. In an electrical system comprising a central sta 
tion and a plurality of lines remote from that station, 
each of said lines having an idle and a service request 
condition, means including counters remotely located 
with said lines for relaying to said station information 
as to the condition of said lines, means at said central 
station for receiving said relayed information and for 
halting the operation, of said relaying means when the 
received information indicates a service request condi 
tion on any one of said lines, means including said 
counters and controlled by said receiving and halting 
means for establishing a connection from said station to 
said service requesting line, means for disconnecting an 
established connection to any one of said lines, and means 
controlled by said connection establishing means for de 
laying the operation of said disconnect means when said 
connection establishing means is operating. 

42. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a 
central office, a remotely located line concentrator con 
trolled by said central office for establishing connections 
between said lines and said trunks, an originating register 
at said central office for registering dial pulses, means at 
said concentrator responsive to the service request con 
dition of any one of said lines for supplying the identity 
of said service requesting line to said central office, means 
at said central office controlled by said supply means for 
selecting an idle one of said trunks and for initiating 
the operation of said concentrator to connect said service 
requesting line to said Selected trunk, means at said 
central office controlled by said select, and initiating 
means for connecting said selected trunk to said register, 
means controlled by said register upon the completion 
of dialing for disconnecting said register from said se 
lected trunk while maintaining the connection from said 
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service requesting line to said selected trunk, an outgoing 
trunk at said central office, means controlled by said 
register upon completion of dialing for establishing a 
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connection from said outgoing trunk to said selected 
trunk which is still connected to said service requesting 
line, means effective when the subscriber at said service 
requesting line hangs up for disconnecting said selected 
trunk at one end from said outgoing trunk and at the 
other end from said service requesting line, said discon 
nect means comprising means effective during the opera 
tion of either said register connecting means or said 
outgoing trunk connecting means for registering the 
identity of said selected trunk, and means effective dur 
ing the operation of either said register connecting means 
or said outgoing trunk connecting means for preventing 
the disconnect of said selected trunk from said service 
requesting line. - 

43. A line concentrator telephone system comprising 
a plurality of subscriber lines, a plurality of talking 
trunks less in number than said plurality of lines, a 
central office, a remotely located line concentrator con 
trolled by said central office for establishing connections 
between said lines and said trunks, an originating register 
at said central office for registering dial pulses, means 
at said concentrator for cyclically scanning said plurality 
of subscriber lines, means responsive to the service re 
quest condition of any, one of said lines for halting the 
operation of said scanning means, means at said concen 
trator and controlled by said scanning means for supply 
ing to said central office the identity of said service re 
questing line, means at said central office controlled by 
said supply means for selecting an idle one of said trunks 
and for initiating the operation of said concentrator to 
connect said service requesting line to said selected trunk, 
means at said central office controlled by said select and 
initiating. means for connecting said selected trunk to 
said register, means controlled by said register upon the 
completion of dialing for disconnecting said register from 
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said selected trunk while maintaining the connection 
from said service requesting line to said selected trunk, 
an outgoing trunk at said central office, means controlled 
by said register upon completion of dialing for establish 
ing a connection for said outgoing trunk to said selected 
trunk which is still connected to said service requesting 
line, means effective upon the establishment of a con 
nection from said service requesting line to said selected 
trunk by said concentrator for resuming the operation 
of said scanning means and means effective when the sub 
scriber at said service requesting line hangs up for dis 
connecting said selected trunk at one end from said out 
going trunk and at the other end from said service re 
questing line, said disconnect means comprising means 
effective during the operation of either said register con 
necting means or said outgoing trunk connecting means 
for registering the identity of said selected irunk, means 
effective during the operation of either said register con 
necting means or said outgoing trunk connecting means 
for preventing the disconnect of said selected trunk from 
said service requesting line, and means for maintaining 
the operation of said Scanning means during the opera 
tion of said register disconnect means and during the 
operation of said disconnect means and during the opera 
tion of said outgoing trunk connecting means. 

44. Im an electrical System, a centrali station, a plu 
rality of lines remote from that station, each of said 
lines having an idle and a service request condition, 
means including counters remotely located with said 
lines for relaying to said station information as to the 
coldition of said lines, means at Said central station for 
receiving said relayed information and for halting the 
operation of said relaying means when the received in 
formation indicates a service request condition on any 
one of said lines, means including said counters and con 
troiled by said receiving and halting means for establish 
ing a connection from said station to said service request 
ing line, and means for inhibiting the operation of said 
receiving and haiting means when the received informa 
tion indicates a Service request condition on a predeter 
mined one of said lines. 

45. A line concentrator telephone system comprising 
a plurality of subscriber lines, a central office, a plurality 
of trunks less in number than said plurality of subscriber 
lines and extending from said central office, a plurality of 
controi pairs less in number than said plurality of trunks, 
an automatic line concentrator controlled by said central 
office for establishing connections between said lines and 
trunks for terminating and for originating calls, a line 
scanner at said concentrator for cyclically determining 
the condition of said lines and for supplying an indica 
tion of said condition over said control pairs to said cen 
tral office, means at said central office and controlled by 
said line scanner when a service request indication is 
received for halting the operation of said line scanner 
and for registering the identity of said service requesting 
line, means at said central office controlled by said halt 
ing and registering means for selecting an idle one of said 
trunks and for supplying the identity of said service re 
questing line back to said line scanner over said control 
pairs, means at said concentrator controlled by said 
selecting and supplying means and by said line scanner 
for establishing a connection from said service requesting 
line to said selected trunk, and means for supplying the 
operating power for said concentrator over said control 
pairs on a phantom basis from said central office. 

46. A line concentrator telephone system comprising 
a plurality of groups of subscriber lines; a central office; 
a plurality of groups of trunks extending from said cen 
tral office; and a plurality of line concentrators con 
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trolled by said central office for establishing connections 
from said lines to said trunks, each of said concentrators 
being connected to one of said groups of trunks and one 
of said groups of lines and comprising a counting cir 
cuit, means including said counting circuit for determining 
the conditions of the lines in said group connected there 
to, and a switching network controlled by said counting 
circuit for establishing connections from any one of said 
group of lines to one of said group of trunks connected 
to said concentrator; said central office having a register 
counting circuit, a pulse generator for cyclically operat 
ing all of said concentrator counting circuits with said 
register counting circuit, means controlled by said de 
termining means in any one of said concentrators for 
halting the operation of said register counting circuit 
whereby the identity of said concentrator and of one of 
said lines is registered thereby, and means controlled by 
said register counting circuit and by said generator for 
operating said network in said identified concentrator to 
connect sad identified line to one of said trunks, said 
network operating means including a selector counting 
circuit for outpulsing the identity of said identified line 
to said counting circuit in said identified concentrator. 

47. In a telephone system, a plurality of subscriber 
lines, a central office, at least one trunk extending from 
said central office, switching means remotely located 
from said central office for connecting any one of said 
lines to said trunk, means for recognizing at said central 
office the initiation of a service request condition on any 
one of said lines, common control equipment at said cen 
tral office for controlling the operation of said Switching 
means, means controlled by said recognizing means for 
operating said common control equipment, and means 
effective when a call is made to any one of Said lines for 
operating said common control equipment. 

48. A line concentrator telephone system comprising 
a plurality of subscriber lines, a central office, a plurality 
of trunks less in number than said plurality of subscriber 
lines and extending from said central office, an automatic 
line concentrator having access to said trunks and con 
trolled by said central office for establishing connections 
between said lines and said trunks, means for recognizing 
at said central office the initiation of a service request 
from any one of said lines, means at said central office 
and controlled by said recognizing means for operating 
said line concentrator, and a denial circuit at said cen 
tral office for denying service to any predetermined one 
of said lines. 

49. A line concentrator telephone system in accordance 
with claim 48 wherein said denial circuit includes manual 
switches for preselecting said line for which service is 
to be denied. 

50. In an electrical system comprising a central sta 
tion and a plurality of lines remote from that station, 
each of said lines having an idle and a service request 
condition, means remotely located with said lines for 
relaying to said station information as to the condition 
of said lines, means at said central station for receiving 
said relayed information and for halting the operation 
of said relaying means when the received information in 
dicates a service request condition on any one of said 
lines, means controlled by said receiving and halting 
means for establishing a connection from said station to 
said service requesting line, and means effective upon 
the operation of said connection establishing means for 
restarting said relaying means. 

51. In an electrical system comprising a central station 
and a plurality of lines remote from that station, each 
of said lines having an idle and a service request condi 
tion, a line scanner remotely located with said lines for 
determining the condition of said lines, means at said 
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central station controlled by said scanner upon the initia 
tion of a service request condition on any one of said 
lines for halting the operation of said scanner, and means 
including said scanner and controlled by said halting 
means for establishing a connection from said station to 5 
said service requesting line. 
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