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9 Claims. 

... The present invention relates to telephone 
Systems, but is concerned more particularly with 
telephone Systems which give service to rural 
conmunities through the medium of automatic 
switching apparatus. 
The broad general object of the invention is 

the production of new and improved control cir 
cuits for enabling automatic service to be given 
more satisfactorily from lines of widely differing 
characteristics. A more specific object of the 
invention is the production of a new and im 
proved repeater which may be inserted in a 
rural subscriber line to respond to the dialling 
impulses generated thereon to repeat satisfactory 

5. impulses to the switching apparatus. 
General description 

As is well known, in many rural communities 
and towns, some of the lines radiating from the 
telephone exchange are relatively short town 
lines connecting with nearby subscribers' sta 
tions; other lines extend to stations of nearby 
rural subscribers; and still other lines extend 
along rural routes to serve subscribers' stations 
located at various distances from the exchange. 
Because of the variation in line resistance af 
forded by the different lines entering the ex 
change, which condition is complicated some 
what by the fact that the longer lines usually 
have many substations connected thereto, it is 
quite difficult to secure an adjustment of the 
line Irelays of the automatic Switching appara 
tus...which will enable the apparatus to operate 
satisfactorily from all of the lines of the ex 
change. Although circuit arrangements are known 
which substantially extend the normal range of 
characteristics of lines over which automatic 
SWitching apparatus nay be operated, it has 
been found in practice that some rural lines im 
pose so much more severe impulsing conditions 
thai, a majority of the lines that it is often 
economical to provide certain lines with in 
dividual repeaters. Then the impulse-respond 

i5 ing. apparatus of the SWitches used in common 
by all lines may be adjusted with special refer 
ence to more nearly normal line characteristics, 
while the severe conditions imposed by the few 
lines are more or less compensated for by the 
respective repeaters individual thereto. 

Repeaters have been used before individual to 
certain rural lines of an exchange. Each of 
these prior repeaters, however, has proved to be 
unsatisfactory in one or more respects in giving 

35 the service required in modern unattached com 

(C. 19-16) 
munity automatic exchanges. The following 
patents are cited as showing the state of the art: 
1,502,168, John Wicks, July 22, 1924, 1,502,877, A. 
J. Ray, July 29, 1924, and 1,681,015, N. H. 
Saunders, Aug. 14, 1928. . . . . . 

It is an object of the invention to provide a 
repeater for the individual use of a rural line, 
Which automatically adjusts itself to the length 
of line included when a subscriber is calling, 
according to the remoteness of the calling Sub 
station. 
A further object of the invention is to provide 

an individual-line repeater which permits of all 
the services normally provided for in a standard 
community exchange. A Special problem arose 
in handling reverting calls while permitting sat 
isfactory switch-hook recalling of a called op 
erator, which problem was solved by circuit ar 
rangements including a polarized cut-off relay, 
as will be brought out in detail hereinafter. 

Referring now to the accompanying dra Wings 
comprising FigS. i and 2, they show by means 
of the usual circuit diagrams a Sufficient amount 
of the apparatus involved in a telephone system 
embodying the invention to enable the inventio 
to be understood. 

Fig. 1 shows the rural-line repeater RLR, in 
dividual to the multi-station rural line RL, be 
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ing inserted between the called terminals of the 
rural line and the individual line circuit LC, Fig. 
2, both of which are located in the exchange. 
The rural line RL is also associated with calling 
terminals comprising the terminals indicated at. 
the left-hand portion of Fig. 2. Three substa 
tions (A, A2, and AN) are shown connected 
to the line RL. There are assumed to be several 

Oce. 
Fig. 2, in addition to the individual line circuit 

LC, shows one finder-connector link composed of 
the finder F and the associated connector C, 
which is one link of a number provided to handle 
the traffic in the community automatic exchange. 
For a full disclosure of the finder-connector link 
partially shown in Fig. 2, reference may be had 
to my prior Patent 1999,788, granted April 30, 
1935. - 
As pointed out in my prior patent, each of 

the lines is provided with a line circuit such as 
LC, Fig. 2. Except for a few of the longest lines, 
or lines in a poorly maintained condition, each 
line terminates directly in the line conductors of 
its individual line circuit, as disclosed in my 
prior patent above referred to. The rural line 
RL, however, is assumed to be one of the lines 
which presents unusually severe impulsing con 

30 

35 

40 

45 

55 

  

  



O 

5 

20 

25 

30 

40 

45. 

50 

55 

60 

65 

70 

75 

2 

vidual repeater R.L.R. This repeater, as is shown 
in the drawings, is inserted between the asso 
ciated line RT, and the line circuit LC, being 
connected therewith by means of the talking 
conductors 4 and 42 and the third or con 
trol conductor 43. 
In order to control the connection of the re 

peater RLR to the call terminals there is asso 
ciated With these call terminals SWitching means 
in the form of a cut-off relay OO which operates. 
to disconnect the line from the repeater when a 
subscriber on the line RL is called, thereby to 
avoid interference during the ringing operation. 

Detailed description 
The disclosure having been described general 

ly, a detailed description of the operation of the 
apparatus disclosed will now be given. - 

Calling the rural line RL, 
The operations involved when the rural line 

RL is called will first be described. It may be as 
Sumed that the finder F has found a calling line 
and that the connector C has been operated in 
the usual manner in accordance With the number 
assigned to the rural line RL and has been con 
ditioned to supply ringing current to signal a 
desired station on the rural line. It is to be 
noted that the C conductor of the rural line RL, 
is normally connected by way of the contacts 
of auxiliary release relay 03 of the rural-line 
repeater RLR to the line circuit LC. Negative 
potential is normally impressed on the C conduc 
tor of the line RL by way of the cut-off relay 
202 of the line circuit LC and also by way of the 
upper winding of cut-off relay 00 of the repeat 
er RTR. This negative potential marks the 
rural line RL as idle in the bank of the connec 
tor C and the other similar connectors to which the line is multipled. 
Now, when the rural line RL is seized by the 

connector C, by way of wipers 82, 85, and 83, 
ground potential is placed on the C conductor 
of the line RL, through the C wiper 83 of the 
connector. When this occurs, cut-off relay 202 
of the line circuit LC is operated, but without 
any particular function at this time. In addi 
tion, the cut-off relay 60 of the repeater RLR 
is operated through the resistor and contacts 
of relay O2 to disconnect the talking conductors 
of the line RL from the repeater RLR. These 
two cut-off relays remain operated over the C 
conductor of the called line as long as the con 
nection remains established, and cut-off relay 
to maintains the line RL cleared from the re 
peater R.L.R. - 

when the connection is broken down upon the 
restoration of the connector C, Fig. 2, the re 
moval of ground potential from the C conductor 
of the called line results in the restoration of 
the cut-off relays 00 and 202, thereby return 
ing the circuits associated with the called line 
to normal condition. . . . - 
At this point it may be mentioned that the cut 

off relay foe is of the well-known three-pole con 
: struction exemplified in Patent 1,673,884, grant 
ed. June 19, 1928, to Harold C. Pye. The lower 
winding of relay 60 is the one nearest the "heel' 
end of the relay, while the upper winding of the 
relay is the one nearest the armature of the relay. 

Originating 0. call on the rural line RL 
The operations involved in setting up a con 

cuit in series with line relay 0. 

' 2,103,801 
ditions and is therefore provided with the indi- nection from the rural line RL to a desired other 

line will now be described. For this purpose it 
may be aSSumed that the Subscriber at SubSta 
tion A2 on the rural line RL removes his receiv 
er, thereby closing a bridge across the conductors 
of the line. In the exchange, the line RL extends 
by way of contacts of the normally restored cut 
off relay 00 to the left-hand windings of the 
repeating coil fit of the repeater R.L.R. . The 
lower left-hand winding of the repeating coil 
RL, extends to ground by way of the balancing 
retard coil 08, while the upper left-hand wind 
ing of the repeating coil if extends to the nega 
tive, ungrounded pole of the exchange battery 
by way of line relay fol, through contacts of cut 
in relay. 107 and the marginal test relay 05. 
The purpose of the marginal test relay 05 will 
be discussed Subsequently. 

Line relay energizes over the calling line 
when the receiver is removed at substation A2. 
Upon energizing, it closes a circuit for release 
relay f O2 at its inner armature, while at its 
lower armature it closes a circuit for repeating 
relay through contacts of timer relay 09. 
Repeating relay operates and closes a locking 
circuit for itself at its lower contacts by Way of 
resistor 3, while at its inner upper armature 
it closes the circuit of timer relay 09. Timer 
relay 9 opens the initial circuit of repeating 
relay O at its lower armature, leaving repeat 
ing relay operated through resistor 3 and 
the lower contacts of the relay. Timer relay fos 
also closes a local circuit for its upper winding 
to render the relay slow releasing, and it closes 
a multiple circuit for release relay fo2. 
When release relay iO2 operates, it prepares a 

priming circuit by Way of resistor f2 for the line 
relay. Release relay 02 also places a second 
shunt around the lower winding of cut-off relay 
f00 and disconnects the upper winding of relay 
00 to prevent operation of relay 00 when ground 

potential is retained on the C lead by the line cir 
cuit LC. Auxiliary release relay fo3 now operates 
through contacts of release relay '02 and prepares 
a circuit for series relay O4 at its inner contacts, 
while at its upper contacts it removes the nor 
mally existing shunt from around the lower wind 
ing of cut-off relay 8 for a purpose to be later 
brought out, but at this time a new shunt has 
been closed around its lower winding at contacts 
of release relay fo2. 
Testing the resistance of the subscriber loop 
One of the features of the repeater RLR is that 

it tests the calling loop to determine whether the 5 
resistance thereof is above or below a predeter 
mined value, as indicated by the current flow over 
the loop and makes a compensation when the 
loop impedance is different from the predeter 
mined value in one sense, i.e., higher or lower, 
and in Ore particularly when the resistance there 
of is below a minimum value, thereby equalizing 
the loop resistance somewhat, which arrangement 
narrows the range of impulsing conditions under 
Willich the repeater is required to operate. The 
current-flow or resistance test is made by the 
marginal test relay 05, which is normally in cir 

When the call 
ing substation is one located relatively near the 
exchange, (A for example) the current flow is 
sufficient to operate test relay O5, but when the 
calling Substation is near the end of the line, (AN 
for example) and the resistance is great as a 
result, the current flow is reduced sufficiently that 
test relay 95 does not operate. When test relay 75 
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2,103,801. 
05 does operate, it closes a circuit for cut-in re 
lay 0, from ground at the inner contacts of 
release relay G2. Cut-in relay 97 thereupon 
operates and locks itself independent of the con 
tacts of test relay 95. Cut-in relay O. trans 
fers the circuit of line relay so that it includes 
the resistor 5 instead of the low resistance test 
relay 5, thereby increasing the loop resistance 
to compensate for the low loop resistance afforded 
by a substation relatively near the exchange. 

Talcing an idle link for use 

As a further result of the energization of re 
peating relay O (responsive to the operation of 
line relay G2), the right-hand windings of re 
peating coil are bridged across the conductors 
4 and 42, leading to the line circuit LC. When 

this occurs, line relay 2 operates over conduc 
tors 4 and 42 and through resistor f {6, as the 
upper winding of line relay 2 is connected be-, 
tWeen the negative pole of the exchange battery 
and conductor by Way of the upper contacts 
of cut-off relay 202, and the lower winding of the 
line relay is connected between the positive con 
ductor 42 and ground, by way of the lower con 
tacts of the cut-off relay. Upon energizing, line 
relay 20 disconnects the C conductor f43 from 
cut-off relay 29 and connects it to ground, there 
by extending a guarding potential through the 
middle contacts of the operated release relay 92 
to the C conductor associated with rural line R. 
and extending to the connector banks. The line 
RL is thereby guarded against Seizure by the con 
nectorS. 
As a further result of this Operation, the line 

relay 2 connects the Winding of cut-Off relay 
292 at its upper contacts through contacts of lock 
out relay 293 to the C lead extending to the banks 
of the finder F and the other finders which have 
access to the line circuit LC, thereby marking the 
line circuit LC as calling in the finder banks. 
The line relay 2 also extends ground potential 
by way of contacts of lockout relay 23 to start 
conductor 25, thereby causing a finder to be 
started in the LSUal nanner. 

It may be assumed that the finder F is the one 
which responds to the grounding of start Con 
ductor 25, in which case the wipers 5-53 are 
rotated in search of the calling line. When these 
wipers arrive on the contacts assigned to the line 
circuit LC, the rotation is stopped by the closure 
of a test circuit from ground through the C Wiper 
53 in series with cut-off relay 202, through the up 
per contacts of relay 20. Cut-off relay 202 locks 
itself to the aSSOciated C lead extending to the 
finder bank, at the same time disconnecting line 
relay 20 from in bridge of the talking conductors 
and closing a circuit for lockout relay 23. Lock 
out relay 23 now operates and remains operated 
as long as cut-off relay 22 is held operated. Line 
relay 20 now restores and extends the incoming 
C conductor AS through contacts of the operated 
cut-off relay 22 to the now grounded C lead ex 
tending to the finder bank. Start conductor 25 
becomes ungrounded upon the operation of lock 
out relay 23 and the restoration of start re 
lay 20. 
The connector C is now prepared in the usual 

manner to respond to the digits of the desired 
number, the operating circuit for the line relay 
(not shown) of the connector being Over conduc 
tors 4 and 42 and through the upper contacts 
of repeater relay . --- 

Repeating the digit impulses 
When the calling subscriber turns his calling 

device in accordance with the first digit in the 
desired number, the calling loop is interrupted 
one or more times upon the return of the calling 
device to normal position. Each tine the calling 
loop is interrupted, the resulting cessation of 
current flow results in the momentary restora 
tion of the line relay Ali, and line relay to con 
trols repeating relay to cause the interrup 
tions to be repeated at the upper contacts of the 
repeating relay into the loop extending to the 
connector shown in Fig. 2, thereby securing the 
operation of the connector. Each reoperation of 
line relay G8 is assisted and hastened by the 
primary circuit, closed through resistor 2. 

3. 

5 

10 

- The first time it is restored, the repeating relay 
closes a circuit at its inner upper armature 

through contacts of the operated auxiliary relay 
03 for the winding of slow-releasing series relay 
04. Series relay, 5 places ground potential on 

the lower talking conductor to remove the lower 
winding of the repeating coil and the retard coil 

8 from circuit in order to lower the impedance 
of the line during dialling. Series relay 85 also 
closes a circuit from ground at the inner contacts 
of release relay 62 for by-pass relay 96. By 
pass relay 96 thereupon operates and closes a 
locking circuit for itself to snaintain it operated 
after the Series relay has restored, and at its upper 
contacts it by-passes the marginal test relay 05 
so as to remove this irclay from circuit after the 
dialling has begun, Whether the aSSociated cut 
in relay it has been operated or not. 

Also, when relay restores, it further dis 
connects itself from circuit, as timer relay. 09 
is in an operated condition and the repeating 
relay has been maintained operated after the 
operation of relay 89 only through the resistor 
3 and the lower contacts of the repeating relay. 

The circuit of the lower winding of timer relay 99 
is opened each time repeating relay restores, 
permitting relay 9 to restore at the end of the 
interval for which it is adjusted. Tiner relay: 9 
is adjusted to insure at east a minimum circuit 
opening at the upper contacts of repeating relay 

0. 
When it finally restores, timer relay. 09 again 

prepares a circuit for repeating relay. at its 
lower armature, thereby again placing relay 
under the control of line relay it. It is to be 
particularly noted that repeating relay can 
not reoperate before timer relay (9 restores, 
even though the line relay reoperates almost, 
immediately after it restores, as the repeating re 
lay if 0 disconnects itself as above pointed out 
When it restOreS. ... 8 

With timer relay 99 restored, when line relay 
Of reoperates (whichever occurs last), a circuit 

is closed through the lower contacts of relays 
and 9 for reoperating repeating relay (). Re 
peating relay again locks itself through re 
sistor 3; again closes the loop circuit extending 
to the connector C and it again opens the circuit 
of Series relay is and recloses the circuit of 
timer relay (9. Tinner relay 9 has the circuit 
of its upper Winding normally open so as to avoid 
a retardation of the operating time of the relay, 
with the result that the relay reoperates very 
quickly. Upon the reoperation of timer relay 9, 
the initial circuit of repeating relay is again 
opened at the lower contacts of the timer relay. 
The resistor 3 limits the current flow through 
relay to a low value so that the relay re 
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lower contacts of relay Of. 
By the foregoing arrangement, a minimum line 

Opening is repeated to the connector upon each 
restoration of line relay fol, however, momentary, 
responsive to a break in the Calling line at the 
calling device, which minimum opening is Sufi 
cient to secure satisfactory operation of an oper 
ating magnet. It is to be noted that timer relay 
09 assists line relay if in maintaining slow act 

ing release relay f (2 operated throughout im 
pulsing. 
At the end of the series of impulses, line relay 

f01, repeating relay 8, and timer relay f C9 all 
come to rest in an energized condition. Series 
relay C4 now restores as its circuit is maintained 
open at the contacts of repeating relay 0. 
Series relay 04 disconnects ground potential 
from the incoming positive conductor at its upper 
contacts so as to restore the normal balanced 
condition to the line, while at itS inner ContactS 
it opens the initial circuit of by-pass relay 66, 
but this relay remains operated at its locking 
circuit, closed through its inner contacts. 

Relays of, it (, G9, and iO4 reoperate as de 
scribed in the repeating of each subsequently 
dialled series of impulses. 
When the connection has been set up by Way 

of the finder F and the connector C to the de 
sired called line, and the called Subscriber has 
responded, conversation may take place in the 
usual manner. 
When the calling subscriber replaces his re 

ceiver at the end of the conversation, relays to , 
o, and 109 restore, and repeating relay 

opens the circuit extending to the inpulsing ap 
paratus of the connector C. With relays fol and 

9 restored, the holding circuit of release relay 
O2 is opened and release and auxiliary-release 

relays 62 and 3 restore successively. Series 
relay 04, which is operated incidentally through 
contacts of the restored repeating relay O and 
contacts of auxiliary relay 3, restores TeSpon 
sive to the restoration of relay 3. By-pass and 
cut-in relays 66 and its are unlocked at, the in 
ner contacts of release relay 2 when the ci 
cuit of auxiliary release relay 03 is opened. vs. 

Responsive to the opening of the control cir 
cuit at the upper contacts of repeating relay. f 6, 
the connector C and the finder F are permitted 
to clear out and ground potential is removed from 
the C lead of the line circuit LC, wherein cut 
off relay 282 has been held operated over the C 
lead, and lock-Out relay 23 has been maintained 
operated through contacts of cut-off relay 22. 
Cut-off relay 202 now restoes and permits the 
slow acting lock-out relay 23 to restore a no 
ment, later, returning the line circuit T.C. to nor 
mal condition. The rural line RL is now marked 
idle in the connector bank upon the disconnec 
tion of ground potential from the C lead there 
of and the reapplication of the negative potential 
to the C lead through the winding of cut-off relay 
22 and the upper winding of cut-off relay , 
which is now reconnected to the C lead through 
contacts of the restored release relay 2. It may 
be pointed out that cut-off relay a normally 
does not operate When a connection is cleared out, , 
as the ground potential is usually removed from 
the C lead at the finder connector link by the time 
release relay 02 restores and reconnects the up 

I5 per Winding of relay 0 to the C lead. 

2,103,301 
relay is next opened by line relay. Resistor f4, 
of a relatively high value, reduces sparking at the 

A reverting call 

in before referred to, when the subscriber on a 
rural line desires to converse. With another sub 
Scriber on the same line he calls the directory 
number of the desired subscriber, with the result 
that the connector in use attempts to make con 
nection. With the calling line but finds it busy and 
impresses a busy tone signal on the calling line 
in the usual manner. Upon hearing this signal, 
the calling Subscriber replaces his receiver, 
Whereupon the connector (responsive to a circuit 
closed from the C wiper 83 of the connector, 
over the C lead of the called line, to the C wiper 
of the finder) signals the called subscriber by 
Sending out his ringing code, following which the 
two Subscribers remove their receivers and con 
verse, while the exchange apparatus is released 
and the rural line is held guarded from the line 
circuit. 
The Way in which the rural line repeater RLR, 

Fig. 1, participates in the making of a reverting 
Call as outlined above will now be pointed out 
more particularly. 
The action resulting from the removal of the 

receiver at the calling station and from the dial 
ling of the desired number are as described here 
inbefore. It will be recalled that relays of -03, 
tS, 33, and f are energized after the num 

ber has been called, while cut-in relay for has 
been energized or not depending upon the result of 
the resistance test made by the marginal test 
relay 5. 
off and lockout relays 202 and 203 are in ener 
gized condition in the line circuit LC, and that the 
Clead of the calling line is extended through the 

As explained in my prior Patent 1,999,788, here 

5. 
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It will be recalled also that the cut 
3 5 

line circuit to the finder-connector link which 
finder Coanector link may be assumed to be the 
One illustrated in part. Now, when the wipers 82, 
85, and 83 of the connector encounter the nega 

tive, positive, and C leads of the calling line, be 
cause of the grounded condition of the C lead, 
the C. Wiper 83 of the connector encounters 
ground potential and the connector therefore 
Sends back the usual busy-tone signal to the 
calling line. The calling subscriber now replaces 
his receiver, whereupon relays 0 , ? fo, 09, f02, 
and 63 restore in the order named, thereby clear 
ing out the repeater R.L.R. At this time the con 
nector C and the finder F do not restore respon 
Sive to the opening of the control circuit at the 
upper contacts of repeating relay fo; ground po 
tential is therefore maintained on the C lead. At 
the time release relay 02 restores it reconnects 
the upper Winding of the electro-polarized cut 
off relay 00 to the C lead, through resistor 7, 
and it inserts the lower winding of relay 00 in 
Series With the C lead, whereby current flows 
momentarily through the lower winding of the 
relay to enable the C conductor to be tested as 
to the direction of current-flow thereover. At 
this time, With ground potential applied to the 
C. Conductor by Wiper 83 of the connector cur 
rent flow over the C lead passes to the negative 
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65 
pole of the exchange battery through cut-off 
relay 22. The direction of current-flow 
through the lower winding of cut-off relay Oois. 
Such that the energization of the relay respon 
Sive to current flow in the upper winding is not 
interfered With, and the cut-off relay OO oper 
ates as before stated. 

Auxiliary release relay 03 (as before noted) 
restores a moment later responsive to the open 
ing of its circuit at contacts of release relay O2, 

70 
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and recloses the shunt around the lower winding 
of relay 00, terminating the polarity test. 
The negative and positive conductors of the 

called line are now cleared for the applica 
tion of ringing current. 
When the two subscribers remove their re 

ceivers after the ringing operation, they may Con 
verse with each other over the line RL. The 
finder-connector link is cleared out by the opera 
tion of cutting off the ringing current When the 
called subscriber replies, thereby removing ground 
potential from the C conductor of the line RT and 
the C conductor of the line circuit LC. When 
this occurs, cut-off relay 8 of the repeater 
RLR and cut off relay 202 of the line circuit LC 
both restore. The repeater R.L.R. is thereby again 
connected to the line RL, and the line relay 20 
is again bridged across the associated talking 
conductors of the line circuit, Relays 0, 0, 
and 09 reoperate in the repeater. R.L.R., and at 
the same time release and auxiliary relays O2 
and 03 operate responsive to the operation of 
line relay of. Cut-off relay 100 is disconnected 
upon the operation of release relay 02. 
In the line circuit LC, line relay 20 energizes 

responsive to the energization of repeating relay 
fo of the repeater. R.L.R. It grounds the C lead 

to mark the line busy to the connectors. At this 
time the slow-releasing lockout relay 293 is still in 
operated condition because it has been held op 
erated by the now restored cut-off relay 202. 
Under this condition, when line relay 20 op 
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erates it closes a locking circuit for lock-out relay 
203 to maintain it operated and thereby prevent 
the grounding of start conductor 295 at the same 
time. With lock-Out relay 23 Operated and cut 
off relay 202 restored, the associated C conductor 
which extends to the bank of the finder F and the 
other finders is maintained disconnected from the 
winding of cut-off relay 202; therefore the line 
circuit LC is not marked calling in the bank of the 
finder F, whereby the finding of the line circuit 
LC by a finder started from some other line is 
prevented. - 
When the subscribers on the line RI have 

finished their conversation and replaced their re 
ceivers, the repeater R.L.R. clears out as before 
pointed out, and line relay 20 in the line circuit 
LC restores when its circuit is opened at the con 
tacts of repeating relay 0. Lock-out relay. 203 
restores when its circuit is opened by line relay. 
20. The circuit equipment aSSociated. With the 
line RL is thereby returned to its normal con 
dition. 

Outgoing toll calls 
The way in which the rural-line repeater RLR, 

functions in an outgoing toll call to avoid an inad 
vertent operation of cut-off relay f OO will now 
be explained. 

It is a standard requirement in an automatic 
telephone system that, when connection is ex 
tended through the automatic switching appara 
tus to a toll switchboard, the connection estab 
lished through the automatic switching appara 
tus be held subject to disconnection on the part of 
the operator at the toll switchboard, which ar 
rangement permits the calling automatic Sub 
scriber to "flash' the operator at the toll switch 
board by moving his switchhook in the usual 
manner. It was eXplained in my prior patent be 
fore referred to that the finder connector link is 
held when a connection is extended to a manual 
Switchboard, and that the finder maintains 
ground potential on the C conductor of the calling 

S 
line in order to maintain the cut-off relay operated 
in the line circuit associated with the calling line. 
Assume now that the illustrated link has been Op 
erated to extend a connection from the rural line 
RL by Way of the connector C to a tollswitchboard 
by way of trunk equipment as illustrated in the 
prior patent, ground potential is maintained on the 
C lead of the line circuit LC by the finder Funder 
the control of a switchboard operator, and the 
connection is therefore not released in the event 
that the bridge is opened on the calling line. It 

O 

nay be assumed now... that the calling subscriber 
desires to recall the toll operator and that he de 
presses his switchhook one or more times for this 
purpose. When the switchhook is depressed, the 
relays is and G restore to secure the signalling 
of the operator, responsive to the opening of the 
upper contacts of repeating relay e. If the 
switchhookis depressed longer than momentarily, 
release relay 2 also restores, as in the case when 
a calling subscriber replaces his receiver at the 
end of conversation. When it restores, release 
relay 92 reconnects the upper winding of cut-off 
relay 0 to the associated C lead, as in a normal 
clearing out operation. At this time, relay 9 
must not be permitted to operate, for it would 
disconnect the line from the repeater and there 
by open the talking circuit if permitted to operate. 
The operation of relay fee is prevented at this 
time by the flow of current in an opposing direc 
tion in the lower winding of the relay. The two 
windings of relay 00 are in series, with relay 02: 
restored and with the slow releasing auxiliary re 
lease relay 93 still operated, for ground potential 
is applied by the finder F to the C lead by way 
of the line circuit LC. The current-flow through 
the lower winding of relay 0 is in reverse direc 
tion. With respect to the current that flows through 
this Winding when the receiver is replaced to per 
mit ringing in a reverting call, as at that time 
ground potential is supplied to the C lead of the 
line RT, at the left-hand C terminal of repeater 
RLR by the connector instead of by Way of the 
line circuit and a finder as it now is. The releas 
ing time of auxiliary release relay e3 is adjusted 
So that relay 103 does not restore following the 
restoration of relay 62 in normal recalling, as 
the switchhook is then depressed each time for 
Only an instant. 
When the hookswitch is again permitted to rise 

and the line circuit is again closed, relays is , , , 
and 09 reoperate, and relay 2 reoperates re 
sponsive to the operation of relay is , again re 
moving the lower winding of relay 00 from the 
circuit and disconnecting the upper winding of 
the relay. The flashing signal to the operator is 
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terminated at the upper contacts of the repeating 
relay . 
In the event that the calling subscriber holds the 

hook switch down too long or replaces his receiver 
during a call to the toll switchboard, the restora 
tion of auxiliary release relay 3 recloses the 
shunt around the lower winding of electro polarized relay 00, permitting relay 99 to op 
erate responsive to current flow in its up 
per winding. 

It may be here pointed out that release relay 
102 is adjusted to restore in about the same time 
required for the release relay of a finder-connector 

60 

65 

70 
link to restore so as to reconnect cut-off relay 
in a reverting call and permit it to reoperate and 
clear the line by the time the ring-back operation 
has started responsive to the restoration of the re 
lease relay in the link. - - - - - - 5 
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6 2,103,301 
In the event that it is desired that cut-off 

relay f OO be not permitted to operate even though 
the calling subscriber replaces his receiver in a 
call to the toll switchboard, the free terminal of 
the winding of auxiliary release relay fo3 may 
be disconnected from the armature of release 
relay O2 and connected to the associated C 
lead, in which case auxiliary release relay O3 
does not fall back responsive to the restoration 
of release relay 02, but remains operated as long 
as ground potential is maintained on the C lead, 
thereby maintaining the lower winding of re 
lay 00 in circuit to prevent operation of the cut 
off relay. With this arrangement, a subscriber 
who has called the toll operator Will not be 
come disconnected during flashing in the event 
that he inadvertently holds the switchhook down 
longer than is normally intended. 
What is claimed is: 
1. In an automatic telephone system, a Sub 

scriber line, calling terminals individual to said 
line, an impulse repeater inserted between said 
line and said calling terminals, automatic Switch 
ing apparatus for extending connections from 
subscriber lines, switching means for connect 
ing said automatic switching apparatus with the 
said line by way of the calling terminals there 
of, called terminals individual to said line and 
connected thereto between the line and the re 
peater, said automatic SWitching apparatus be 
ing operative to extend connection to said line 
by way of said called terminals, a cut-off relay 
associated with the called terminals and means 
for operating it to disconnect the line from the 
said repeater When it is called, means for guard 
ing the line from seizure by way of Said called 
terminals when a call is originated thereover, 
and means for preventing the operation of the 
Said cut-off relay When a call is originated over 
the line and the line is guarded from seizure 
through the called terminals thereof. 

2. In an automatic telephone system wherein 
the operation of the automatic switches in test 
ing lines is controlled over a third or control 
conductor according to potentials impressed 
thereon, a subscriber line having individual called 
terminals and individual calling terminals, the 
said called terminals being associated directly 
with the line, an impulse repeater inserted in 
the line between the called terminals and the 
calling terminals of the line, a control conductor 
included in the repeater, and means effective 
When a call is originated on said line for join 
ing the control terminal in the group of call 
ing terminals to the control terminal in the group. 
of called terminals by Way of said control con 
ductor. w 

3. In an automatic telephone System, a Sub 
Scriber line having individual called terminals and 
calling terminals, the said called terminals be 
ing directly associated with the line, line equip 
ment associated With the calling terminals, an 
impulse repeater inserted in the line between the 
called terminals and the calling terminals there 
of, means associated with said called terminals 
for disconnecting Said line from said repeater 
When said line is called, and a control conductor 
extending from the line circuit associated with 
the calling terminals through said repeater to 
the called terminals of the line to carry guard 
ing potential between the calling and called 
terminals of the line. 

4. In an automatic telephone system, a sub 
scriber line having called and calling terminals, 
an impulse repeater interposed between the called 

and calling terminals of the line to repeat Switch 
operating impulses, a cut-off relay controllable 
from the called terminals of the line to discon 
nect the impulse repeater when the line is called, 
means effective when a call is originated over 
the line for disconnecting the cut-off relay to 
avoid its operation when guarding potential is 
placed on the called terminals of the line, and 

5 

- means effective when a connection has been set 
up which is held from the called end thereof 10 
for preventing operation of the cut-off relay when 
it is reconnected during switchhook signalling 
periods. . ...: 

5. In an automatic telephone system, a Sub 
scriber line having called terminals connected 15 
thereto and calling terminals associated there 
with, an impulse repeater interposed in the said 
line between the called and calling terminals 
thereof to repeat switch operating impulses in , 
calls originating on the same line, a cut-off re-20 
lay operable over the usual control conductor 
associated with the said terminals of the line 
to disconnect the repeater when the line is called, 
circuit arrangements effective in one type of call 
which can be set up from said line for enabling 25 
the calling subscriber to signal over the estab 
lished connection by operating his switchhook, 
a second polarizing Winding included in said cut 
off relay to prevent operation thereof when ener 
gized, and means for inserting said polarizing 80 
winding in circuit during the switchhook signal 
ling operation to prevent operation of the Sai 
cut-off relay. - s: 

6. In an impulse repeater, a line relay, a re- . 
peating relay, and a timer relay, means for en- 8 
ergizing the repeating relay depending upon the 
energization of the line relay, means for energiz 
ing the timing relay dependent upon the ener 
gization of the repeating relay, said timing relay 
being slow releasing to insure the repeating of 40 
an impulse of minimum length, and circuit ar 
rangements controlled jointly by the timer relay 
and said repeating relay for preventing the re 
operation of the repeating relay following the 
restoration thereof until the timer relay has re- 45 
stored, and impulse repeating contacts on said 
repeating relay to repeat open-circuit impulses 
received by Said line relay. - 

7. In combination, an impulse repeater includ-: 
ing a line relay having contacts for repeating 50 
received impulses, means for energizing said line 
relay and for delivering impulses to it over cir 
cuits of various resistances, a marginal test relay 
in circuit with said line relay operable when the 55 
circuit of the line relay is closed over a circuit . 
of relatively low resistance, and means associated 
with said marginal test relay effective when the . 
test relay operates to insert a resistance. element. 
in the circuit of the line relay to compensate for 60 
the relatively low resistance of the circuit over 
which it is taken for use. 

8. In combination, an impulse repeater includ 
ing a line relay having contacts, for repeating 
received impulses, means for energizing said line 65 
relay and for delivering impulses to it over cir 
cuits of various resistances, a marginal test relay 
in circuit with said line relay operable when the 
circuit. Of the line relay is closed over a circuit . 
of relatively low resistance, and means associated 70 
With Said marginal test relay effective when the 
test Irelay operates to adapt the repeater to re 
peat inpulses received over the low resistance 
circuit. - - - - - - - 

9. In combination, an impulse repeater includ 
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ing a line relay comprising means for repeating 
received impulses, circuits of various impedances 
adapted to deliver control impulses to said line 
relay, a marginal test relay operable when the 
impedance of the circuit to said line relay is 
different, in One sense, from a predetermined 
value, and means associated With said marginal 

test relay and effective when the test relay op 
erates for adapting the repeater to repeat im 
pulses received over circuits. having impedances 
different, in said one sense, from said predeter 
mined Value. NORMAN H. SAUNDERS. 
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