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2,709,722 
SERVICE OBSERVING ON TOLL CORDS 

AND TRUNKS 

Victor E. Rosene, Queens Village, N. Y., assignor to 
Beil Telephone Laboratories, Incorporated, New York, 
N. Y., a corporation of New York 
Application October 2, 1952, Serial No. 312,689 

16 Claims. (CI. 179-1752). 

This invention relates to telephone systems - and has 
for its object to facilitate the observation of telephone 
service. 

Service observing has long been used for determining 
the quality of service received by individual telephone 
subscribers. As the telephone service itself has progressed 
from exclusively manual to largely dial, the methods of 
observing have changed from those requiring observing 
operators at the local office to those for automatically 
extending limes to be observed to positions at some cen 
tralized point. 

Similarly, since toll service has until recently been 
largely on a manual basis, service observing on toll opera 
tors has been likewise performed manually. With the 
increase in the size of toll offices and the use of auto 
matic switching equipment in such offices, manual ser 
vice observing has become increasingly difficult. 

in accordance with the present invention, means is 
provided for observing on toll operator cord circuits, on 
trunks incoming to recording completing toll operator 
positions and on toll trunks incoming to dial switching 
systems with means whereby the observing positions lo 
cated at a centralized office may observe on a large num 
ber of circuits located at a large number of offices. 
Means is accordingly provided for observing on a plu 

rality of classes of toll equipment. Service observing cir 
cuits and service observing trunks of classes correspond 
ing to each such class of equipment are provided at the 
individual offices with service observing circuits capable 
of observing on all classes located at a central point. Dis 
tributing means is provided for automatically connecting 
any one service observing trunk with any one service ob 
serving position, with means under the control of the 
connecting means to modify the circuits at the service 
observing position in accordance with the class of service 
observing trunk to which it has been connected. 

This distributing means is so arranged that only one 
position is prepared to observe on a particular class of 
call at a time and each position is able to restrict the 
number of classes of call on which it may observe. 

Each service observing trunk includes at least two pairs 
of conductors, one of which is used for signaling between 
the observed and observing offices and the other of which 
is connected with the circuit being observed and is used 
both for signaling and for permitting the observing opera 
tor to listen to voice currents on the circuit being ob 
served. The signaling circuit is normally closed, indica 
tions being trailsmitted thereover from the service ob 
Serving position as to whether or not a position is avail 
able to observe on the corresponding class of circuit. If 
no operator is available, the service observing circuits. 
attached to trunks of the corresponding class are disabled. 
If an operator is available, when a call reaches one of 
the circuits to be observed, a seizure signal is transmitted 
to the service observing office to cause the connection of 
the trunk with an operator's position. When such a con 
nection has been made, the observing trunk conductors. 
used for both signaling and listening which are normally 
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opened, are completed at the service observing position 
to transmit a call-accepted signal to the office being ob 
served and to lock the circuit being observed to the ob 
serving position. The call-accepted signal is returned on 
only one observing trunk and all other observing trunks 
over which observations were attempted are disconnected 
from the distributing means and prepared for observation 
by another service observing position. 

Each service observing trunk circuit is associated with 
a large number of individual service observing connector 
circuits which are connected to the circuits to be observed 
by means of patching cords and jacks. This arrangement 
permits the connector circuits to be patched to a selected 
group of circuits for observation. 
Under certain circumstances during periods of heavy 

traffic, it may be desirable to limit the number of circuits 
on which observations may be made and means is pro 
vided under the control of the service observing desk by 
means of signals transmitted over the observing trunk 
circuit to selectively disable predetermined groups of serv 
ice observing connector circuits. 
These and other features of the invention will be more 

clearly understood from a consideration of the following 
description in connection with the drawings in which: 

Fig. 1 is a block diagram showing the manner in which 
Figs. 2 to 39 are to be arranged; 

Figs. 2 and 3 show a converter circuit for converting 
digits from a direct-current pulsing code to a multi-fre 
quency pulsing code; 

Fig. 4 shows certain control relays for an operator's 
key-set; 

Fig. 5 shows an operator's key-set and associated puls 
ing relays; 

Figs. 6, 7, 8 and 9 show the outgoing end of the cord 
circuit service observing trunk; 

Fig. 10 shows a toll operator's cord circuit; 
Fig. 11 shows a service observing circuit for connec 

tion with the cord circuit of Fig. 10; 
Fig. 12 shows a recording completing toll trunk cir 

cuit; 
Fig. 13 shows a service observing circuit for connection 

with the recording completing trunk of Fig. 12; 
Figs. 14 and 15 show a service observing trunk for 

use. with the service observing circuit of Fig. 13; 
Fig. 16 shows an incoming intertoll trunk circuit; 
Fig. 17 shows a portion of the service observing trunk 

and the lock-out circuit associated with the service ob 
serving circuit of Fig. 19; 

Fig. 18 shows a circuit for registering the identity of 
the circuit being observed; 

Fig. 19 shows the service observing circuit for con 
nection with the incoming intertoll trunk circuit of 
Fig. 16; 

Fig. 20 shows the remainder of the service observing 
trunk of Fig. 17; 

Fig. 21 shows pulse generating relays and steering re 
lays for transmitting the identity of the circuit under 
observation to the service observing position; 

Fig. 22 shows the distributing circuit for the service ob 
serving trunk of Figs. 6 to 9; 

Fig. 23, shows. the distributing circuit for the service. 
observing trunk of Figs. 14 and 15; 

Fig. 24 shows the distributing circuit for the service 
observing trunk of Figs. 17 and 20; 

Figs. 25 to 30 and 32 show the equipment at an inter 
mediate position of a service observing desk; 

Fig. 25 showing the incoming repeating coils at one 
service observing position; 

Fig. 26 showing control relays for registering a line 
designation; 

Fig. 27 showing one of the interoffice signaling circuits 
and certain control relays; 
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Fig. 23 sieving other interoffice signaling circuits; 
Fig. 29 showing the steering relays for recording a line 

designation, 
Fig. 30 showing the registers for registering a line 

designation; 
Fig. 31 shows in schematic forin the equipment at 

the first position of the service observing desk; 
Fig. 32 silowing the means for indicating the class of 

circuit being observed; 
Fig. 33 shows in schematic form the equipment at 

the iast position of the service observing desk; 
Fig. 34 shows in schematic form the position control 

circuit for the first position; 
Fig. 35 shows the details of the position control cir 

cuit of an intermediate position; 
Fig. 36 shows in scheinatic form the position control 

circuit of the last position; 
Fig. 37 shows the operator's telephone circuit; 
Fig. 38 shows the pulse receiving circuit for recording 

the identity of the circuit under observation; and 
Fig. 39 shows the registers for recording the identity 

of the circuit under observation. 
in general the relays of the disclosure have been given 

functional letter designations, such designations being 
followed by the ninnber of the figure in which the relay 
appears, Set off by parentheses. Other pieces of equip 
ment, with a few exceptions, are given numerical desig 
nations. 

Briefly the service observation desk is arranged to 
make complete observations ora toli operators” cordi cir 
cuits and on incoming intertoil trunks and to observe the 
speed of answer on recording completing trunks located 
at a nimber of offices. The circuits to be observed are 
coninected by ineans of a plug, jack and cord arrangement 
to individual Service observing conjector circuits ar 
ranged in preference chains so that only one service 
observing connector circuit may be made effective at 
one time to seize a service observing trunk, if two cir 
cuits attempt to operate their service observing con 
nector circuits at the same time, one will be preferred 
and the other locked out. Separate service observing 
trunks are provided for each class of cbservation. These 
trunks ray include two or three pairs of conductors, one 
of which is only used for signaling between the trunk 
circuit and the operator's position, while the other one 
(or EWO) is used for observing on the connected circuit. 
At the Service observing desk the service observing trunks 
are distributed to the available operators' positions in 
dicating to the position the class of trunk which has been 
connected therewith. This class indication arranges the 
signal receiving circuits and the indicating circuits to 
make them respoilsive to tie signals generated by the 
equipment under observation. Each position is provided 
witi, keys by which observation may be inited to cer 
tain clas of circuits. Each service observing trunk 
is also provided with keys by which the number of cir 
cuits to which it may be connected is reduced. 

For the purpose of describing the invention a typical 
cord circuit, incoming intertoll trunk and recording conn 
pieting trunk have been shown but it is to be understood 
that other circuits differing in details from those shown 
may also be observed. The cord circuit shown in Fig. 
iO is similar to one disclosed in Patent 2,276,515 to L. F. 
Porter, Jaguary S, 1944. The incoming interto trunk 
shown in Fig. 16 is similar to one disclosed in Patent 
2,564,441 to McKim-Strickler, August 14, 1951. The re 
cording completing trunk circuit shown in Fig. 12 is 
similar to one disclosed in the application of R. B. 
Buchanan, Serial No. 67,868, filed December 29, 1948, 
which issued as Patent No. 2,636,944 on April 28, i953. 
Reference may be made to the above-identified patents 
for an inderstanding of the operation of the circuits in 
complete systems. 

In describing the service observing operation, the ob 
servation of a call handled by a cord circuit will first be 
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described in detail, and then the observation of a call 
on an incoming intertoll trunk and the observation of a 
call on a recording completing trunk will be described 
with an indication of the changes in operation of the 
Service observing position to correspond with such ealis. 

Preparing the service observing position for operation 
When an operator occupies the intermediate service 

observing position, she inserts the plugs 37) and 3.7i. 
of her headset in the jacks 37.92 and 37.3 of the position, 
thereby closing the auxiliary jack contacts to ground con 
ductor 3704, and operate position occupied relay 
OPR(35). With relay OPR(35) operated, a circuit is 
closed from ground over contact 2 of relay OFR(35) 
to battery through the winding of relay BC(35), op 
erating the latter relay. Relay BC(35) at its contacts 2 
connects ground to conductor 2808 completing a circuit 
over contact 4 of relay CA(28) to battery through the 
Winding of relay CA: (28), operating the latter relay. 
When the position is busy, position busy relay PB(35) 
is operated as will be described hereinafter. 
When none of the positions is occupied, a vacant posi 

tion circuit is closed which extends from ground over 
the back contact 6 of relay PB(35) and coitact 4 of 
relay BC(35) and over back contacts of similar relays 
in all other positions to conductor 36:3, operating relay 
VP (24) to indicate to the distributing circuits of Figs. 22, 
23 and 24 that no operator is availabie. Relay WP (24) 
operates the out-of-service relay such as relay CS(24) 
for each of the service observing trunks and these relays 
open the signaling circuits leading to the distributing 
circuits. If necessary, a plurality of relays such as relay 
VP (24) may be operated in cascade to provide suf 
ficient contacts for operating all of the cut-of-service 
relays. If any position is available none of the relays 
OS(24), etc. will be operated. 

In addition, there is a group busy conductor for each 
class of circuit to be observed, which is controllied by 
the observing positions. At each position there is an 
incoming group busy conductor and an outgoing grop 
busy conductor for each class of circuit to be observed, 
the outgoing conductor for one position becoming the 
incoming conductor for the next position. The tivo con 
ductors for each class of circuit may be connected to 
gether if the position busy relay is operated, if the posi 
tion occupied relay is released or if the class exclusion 
key is operated. At the first position, the incoming 
group busy conductors are connected io ground and at 
the last position the outgoing group busy conductors 
are connected to conductors 36A, 3532 asci 3523, over 
which the group busy relays GB (22), GE (23) and 
GB (24) of the trunk distribution circuit are operated. 
To illustrate the operation of these group busy circuits 
assume that the first position (Fig. 34) is not occupied, 
the Second position (Fig. 35) is busy and the third 
position (Fig. 36) is occupied but idle and has operated 
class eXclusion key 364. Therefore a circuit will be 
closed from ground on the incoming group busy con 
ductor 349 of the first position, ovær the closed back 
contact of the position occupied relay OPR(34 to the 
outgoing group busy conductor 34;. Cofiductor 34: 
which is the incoming group busy conductor for the 
position of Fig. 35 is connected over contact i of the 
position busy relay PB (35) to the outgoing group busy 
conductor 350. Conductor 353 which is the incom 
ing group busy conductor of the position of Fig. 36 
is connected over the left closed contact of the class 
exclusion key 3504 to conductor 3631 operating group 
busy relay GB (24). Similar circuits are provided for 
the other classes. While only three positions have been 
shown, it will, of course, be understood that the nuinbei 
of positions to be provided will be governed by the 
number of offices to be observed and the traffic at such 
offices. Each position will have the same three means 
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of Fig, 11 has been connected with the cord circuit of 
Fig. 10 by means of patching cord i869, the insertion of 
plug is in jack 102 closes a circuit from battery, over 
contacts 1 and 2 of the plug and jack to conductor i3 
to supply grid and cathode potentials to tube PU(1,1). 
A plurality of service observing connector circuits as 

shown in Fig. 11 are connected in multiple to a cord cir 
cuit service observing trunk and these service observing 
connector circuits are inoperative unless there is a service 
observing operator available to observe on this class of 
call. 
With a group busy relay GB (22) and the out-of-service 

relay OS(22) normal, the signaling circuit of the cord 
circuit Service observing trunk may be traced from bat 
tery over contact 3 of relay GB (22) through resistance 
2201, contacts of relays LOS (22), LOSB (22), 
LOA(22) and the similar contacts of the intermediate 
position relays, upper winding of relay L(22), contact 5 
of relay OS(22), conductor 224, upper winding of posi 
tion busy relay PB(6), lower and upper windings of start 
relay ST(6), resistances 699 and 681, lgwer winding of 
relay PB (6), conductor 2295, contact 4 of relay CS(22), 
lower winding of relay (22), contacts 3 of relays 
LOA (22), ?LGB (22), LCC (22) and the correspond 
ing contacts of the similar intermediate relays, resistance 
2202 to ground over contact of relay GB (22). Relay 
ST(6) operates in this circuit but the direction of current 
flow is such that polarized relay PB (6) does not operate 
and the intensity of the current flow is insufficient to 
operate relay L(22). 

Relay ST(6), in operating, closes an obvious circuit for 
operating relay STI (6). Relay ST (6) at its contact 4 
connects resistance 62 in parallel with its winding to 
render it slow to release. At its contact 5, relay STA(6) 
connects ground over conductor 663 to battery through 
the winding of relay ST2(7). At its contact 2, relay 
ST(6) closes an obvious circuit for operating relay 
HC(6). At its contact , relay STA(6) connects ground 
to conductor 64 which extends over the normal contact 
of relay PB (6) and back contacts of relay TC (6) to 
the windings of the relays CO(6), CO2(6), etc. associ 
ated with the service observing connector circuits con 
nected with this trunk circuit. Ground on conductor 694 
also extends over contact 2 of relay TC(6) and conductor 
605 to battery through the winding of relay TM (7). In 
addition, ground on conductor 604 extends over contact 
3 of relay TC(6) to battery through the winding of relay 
CT(6). Relay HC(6) connects ground over its contact 
a to conductor 66 to provide the proper potential to be 
Supplied to the cathodes and secondary grids of tubes 
G3(9) and G5(9). At its contact 4, relay HC(6) con 
nects ground to conductor 627 to complete heater circuits 
for the tubes of the trunk circuit and for the tubes of the 
pulse converter circuit of Figs. 2 and 3. At a plurality 
of contacts indicated by contacts 2 and 3, relay HC(6) 
connects ground to conductor 693 and a plurality of 
other conductors leading to the individual service observ 
ing connector circuits, the circuit over conductor 683 ex 
tending to the heater of tube PU(11). Relay TM (7) 
closes an obvious circuit for operating relay TM2(7). 
With relays CO(6), CO2(6), etc. operated, circuits 

are closed for operating a plurality of relays such as 
relays GC (6), GC2(6), etc. With circuit reduction 
relays AG (7) and BG (7) normal, ground is connected 
over cross-connecting rack 709 to a plurality of conduc 
tors such as conductors 70 and 702 which extend over 
contacts of the operated connector relays CO1(6), 
CO2(6), etc. to the windings of relays GC1(6), GC2(6), 
etc. These relays connect ground to the individual 
service observing connector circuits to prepare them for 
receiving an indication that the cord circuit with which 
they are associated has been requested by an idle posi 
tion circuit to bid for a call. For example, relay GC2(6) 
connects ground over conductor 613 and the normally 
closed contact 2 of relay PU(11) to battery through the 
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8 
winding of relay B(11). Relay B(11) operates and 
locks over its contact 1 to ground on conductor 63 and 
prepares a circuit for operating relay A1(11). The 
service observing connector circuit is now ready for 
operation. 
Assume now that a call comes in on a jack at the posi 

tion at which the cord circuit of Fig. 10 is located, for 
example, jack 600, and the operator uses the cord circuit 
under observation to answer the cali. When plug 1991 
is inserted in jack 1000, ground through a resistance, 
connected to the sleeve of jack i000, is connected over 
the sleeve of plug 1001 to conductor 1002 in parallel with 
battery through resistance 1016 and through the patching 
cord 10G to conductor 104. 
The plug-up detector of Fig. 11 comprises a twin 

triode PU(11) arranged in a Wheatstone bridge, in 
which two of the arms comprise the resistances A65 and 
i:06, which are connected together through potention 
eter 1107, the slider of which is connected to --130 volt 
battery. The other two arms include resistances 108 
and 1109 and the two sides of the twin triode PU(11). 
These arms are connected through resistance 11:9 to 
-24 volt battery on conductor 1103. Relay PU(11) is 
connected across the diagonal of the bridge. The poten 
tiometer 107 permits adjusting the balance of the 
bridge, and normally the bridge is slightly unbalanced in 
a direction to cause relay PU(1,1) to hold its contact 2 
closed. When ground is connected to conductor 194 as 
above described, the grid of the right side of the twin 
triode PU(11) becomes less negative and an increased 
current flow occurs in the right half of the tube while the 
current flow through the left half remains relatively un 
changed. This increased current flow through the right 
half of tube PU(11) increases the potential drop through 
resistance 105 resulting in a current flow through the 
Winding of relay PU(11) of sufficient magnitude and in 
a proper direction to cause the relay to close its contact 
i. Relay PU(11) remains operated as long as plug 
i00 remains in jack 1000. Since relay B (11) has been 
operated as above described, the closure of its contact 
by relay PU(11) completes a circuit from battery 
through the lower winding of relay A1 (11), contact 2 
of relay B(11), contact 1 of relay PU(11) to ground on 
conductor 63. Relay A (11) operates and, since it is 
shown as the first relay in a chain circuit, locks over its 
contact 5, conductor to ground at contact 3 of relay 
TM2(7). Relay A1(11) prepares a circuit for operating 
the connector relay C (11). 

It may be noted that if, at the time that the service 
observing desk is put into service resulting in the opera 
tion of relay GC2(6), the cord circuit of Fig. 10 were 
already in use in connection with a call, relay PU(11) 
would be held operated and relay B(11) could not oper 
ate. Therefore relay Ai(11) cannot be operated by a 
"stale call,” that is, one already in existence. The relays 
Ai (11), A2(11), etc. of the various service observing 
connector circuits connected with one service observing 
trunk have their contacts arranged in a chain so that only 
one Such relay can lock and can operate the associated 
connector relays C1 (11), C2 (11), etc. 
As soon as relay Ai (11) operates as above described, 

it connects ground over its contact to conductor 12, 
winding of relay TC(6) and battery. Relay TC(6) 
closes an obvious circuit for relay TC106) which operates 
and releases all of the relays CO1(6), CO2(6), etc. which 
in turn release relays GC (6), GC2(6), etc. The re 
lease of relays GC1(6), GC2(6), etc. opens both the 
operating circuit and the locking circuit for relay B(11), 
as well as all of the similar circuits in other service ob 
serving connector circuits. With relay B(11) released, 
the operating circuit for relay AE(11) is opened as is 
the operating circuit for the similar relays in each of the 
other Service observing connector circuits, causing any 
operated ones of such relays to release and preventing 
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the subsequent operation of any such relays. With relay 
TC(6) operated and relay GC2(6) released, the circuit 
of relay CT (6) is opened and that relay releases. Relay 
CT(6) is only slightly slow to release to allow a sufficient 
time for all of the relays A2(11), etc. which have not 
been locked to release. When relay CT(6) closes its 
back contact a circuit is closed from battery through re 
sistance 609, back contact of relay CT (6), conductor 610, 
winding of relay C1 (11), contact 3 of relay A1 (11), 
conductor 11: to ground at contact 1 of relay TM2(7). 

Relay Ci(11) operates in this circuit and connects the 
observing conductors of the cord circuit and the key-set 
through to the service observing trunk. At its contact 1, 
relay C (11) connects -24 volt battery from conductor 
203 to conductor 120 to maintain the desired potential 
on the grid and cathode terminals of tubes G1 (9) and 
G8 (9). This potential was previously supplied over the 
contact S of relay TC(6). 
Relay TC(6) also opens the circuit of slow-to-release 

relay TM (7) to initiate “stale call' timing, which will 
be described hereinafter, and closes a circuit from ground 
at contact 2 of relay TM1(7), back contact of relay 
INT(7), conductor 703, contact 4 of relay TC(6) to 
battery through the winding of relay LB (6). Relay 
LB(6) operates and connects the lower winding of relay 
ST(6) to the lower winding of relay PB(6) thereby shunt 
ing the upper winding of relay ST(6) and resistances 680 
afid 60A. 
The resistance of the signaling circuit is thereby de 

creased and permits marginal relay L(22) to operate as 
a seizure signal. Relay L(22) closes a circuit fron 
ground over its contact, contact 5 of relay LO1A(22), 
contact 5 of relay LOB(22), contact 5 of Telay 
LOC(22) and other similar contacts of the intermediate 
relays to conductor 2203 which extends in parallel to the 
normal contacts and windings of the lock-out relays 
LOA(22), LOB (22), LOC(22) and similar intermediate 
relays. Since allotter relay S1B (22) has been operated as 
previously described, the circuit over conductor 2203 
through the winding of relay LOB (22) extends over con 
tact 9 of relay LO1B (22), contact of relay SB (22), con 
ductor 2215, contact 1 of relay PN(35) to battery at the 
contact of key 3594. 

Relay LOB (22) operates in this circuit and locks over 
its contact 6 and conductor 2206 to ground at contact 8 
of relay R1(35). At its contact 4, relay LOB (22) ex 
tends battery to the winding of relay LOB (22) operat 
ing relay LOB (22) which locks over its contact 6, con 
ductor 3597 to battery at contact 7 of relay R1 (35). 
With relay LOB (22) operated, the operating circuit of 
relay LOB (22) is opened but that relay is held operated 
in a circuit from ground on conductor 2206, contact 6, 
winding and contact 4 of relay LOB (22), contact 6 of 
relay LOAB (22) to battery on conductor 3507. 

Relays LOB(22) and LO1B(22) in operating, close 
three circuits over the six wires of the interoffice trunk 
between the cord service observing trunk circuit at the 
originating office and the service observing desk, compris 
ing a signaling circuit over conductors 2204 and 2205, a 
rear observing circuit over conductors 2212 and 2213 and 
a front observing circuit over conductors 2210 and 221. 
The signaling circuit previously traced to conductors 

2204 and 2205 is now disconnected from the battery and 
ground supplied by relay GB (22) and is extended over 
contacts 2 and 4 of relay LOB (22), conductors 2207 
and 2208, contacts 4 and 2 of relay SH1(38), conductors 
3820 and 3801, windings of polarized relay KA(27), 
windings of marginal relay HB(27), conductors 2704 and 
2705 to battery and ground over contacts 3 and 1 of relay 
R(35). Relay HB(27) operates in this circuit connecting 
ground over its contact and conductor 2715 to battery 
through the winding of relay INT(35). Relay INT(35) 
operates, in turn operating relay TD(35) to close a hold 
ing circuit for relay TD2035). As soon as relay 
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LOEB (22) operates, it opens the circuit of relay PN(35) 
and relay PN(35) releases, opening the circuits of relays 
SB (22), SB (23) and SB (24) so that this position can no 
longer bid for a call. With relay PN(35) released, relay 
TD (27) releases slowly, connecting battery to lamps 
RSV (27) and RPU(27) and opening the operating cir 
cuit of relay TD2035). With relay PN(35) released and 
relay LOB (22) operated, a circuit is closed from ground 
through resistance 3510, contact 7 of relay PN(35), con 
ductor 351, contact 8 of relay LOB (22), conductor 
2269 cross-connected by way of conductor 2219 to con 
ductor 2500 and battery through the winding of relay 
MCD (27) to establish a class marking in the position 
circuit indicating that the call to be observed is of the 
cord circuit class. 

Relay MCD (27) operates to close a circuit from 
ground over its contact. 3, conductor 2701 to battery 
through the winding of relay PB(35). Relay PB(35) 
operates and closes a circuit from ground over contact 3 
of relay LOB (22) through lamp 2216, conductor 2217, 
contact of relay PB(35), contact 3 of relay BC(35), 
contact of relay INT(35) to battery through resistance 
3520. Lamp 2216 lights to identify the service observing 
trunk connected to the position. 

Relay MCD (27) closes a circuit for operating call 
accepted relay CA(28) which may be traced from battery 
through the winding of relay CA(28), conductor 2800, 
contact 2 of relay TD2(35), conductor 3513 to ground 
at contact 4 of relay MCD (27). 
With relay CA(28) operated, a call-accepted signal is 

transmitted to the originating office by connecting battery 
and ground to the two observing circuits connecting the 
service observing position with the service observing trunk 
circuit at the originating office. One of these circuits, 
which has been called the front observing circuit, may be 
traced from battery through resistance 2801, contact 5 of 
relay CA(28), contact 7 of relay CA1(28), conductor 
2802, contact 3 of relay SD(32), conductor 3201, lower 
winding of differential relay FR(28), conductor 2803, 
upper right winding of repeating coil 2501, conductor 
2S62, contact 2 of relay LOB(22), contact 1 of relay 
OS(22) to conductor 2210 of the interoffice trunk. 
Ground is connected over contact 6 of relay CA(28), 
contact 5 of relay CA1(28), conductor 2804, contact 
of relay SD(32), conductor 3202, upper winding of relay 
FR(28), conductor 2805, lower right winding of repeat 
ing coil 2501, conductor 2503, contact 1 of relay LOB(22) 
to conductor 2211 of the interoffice trunk. This circuit 
is incomplete in the service observing trunk circuit at 
this time. 

Battery is also connected to the second observing cir 
cuit, which has been called the rear observing circuit, 
through resistance 2806, contact 2 of relay CA(28), 
contact 3 of relay CA1(28), lower winding of differen 
tial relay RR(28), conductor 2807, upper right winding 
of repeating coil 2504, conductor 2505, contact 8 of relay 
LOB(22), contact 8 of relay OS(22), conductor 222 
of the interoffice trunk, upper right winding of repeating 
coi Ti (8), resistance 802, conductor 803, contact 40 
of relay ST2C7), contact 5 of relay CA(7), conductor 
705, windings of relay RCA (8), resistance 884, upper 
left winding of repeating coil T1 (8), interoffice trunk 
conductor 2213, contact 7 of relay LOB(22), conductor 
2214, lower right winding of repeating coil 2504, con 
ductor 2506, upper winding of relay RR(28), contact 2 
of relay CA; (28), contact 1 of relay CA(28) to ground. 
Relay RCA(8) operates in this circuit but relay RR(28) 
cannot operate at this time. Relay RCA (8) closes a 
circuit from ground over its contact and conductor 805, 
contact 2 of relay ST2C7), conductor 717, contact 6 of 
relay TC(6), conductor 614 to battery through the wind 
ing of relay CA(7). Relay CA(7) operates as a call 
accepted signal and closes a locking circuit for itself over 
its contact. 6, under the control of relay TC(6). Relay 
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CA(7) at its contact 1, connects a Supplementary ground 
to the circuit of relay LB (6) to hold that relay operated 
after relay TM (7) releases. In addition, it closes a 
locking circuit for relay TM2(7) which may be traced 
from battery through the winding of relay TA2(7), 
contact 2 of relay TM2(7), contact 3 of relay CA(7), 
contact of relay PB (6) to ground on conductor 694. 
With relay TM2(7) held operated, relay CE (11) is held 
operated and observation may proceed. 

With relay Ci(11) operated, the tip and ring contacts 
of the rear plug are connected for signaling purposes to 
tube G10 (9). The tip of plug 1001 is connected over 
conductor 003 and the plug and jack connection to 
contact 9 of relay C(11) and thence over conductor 
i:3 to the left grid of tube G6 (9) through resistance 
990, while the ring contact of plug it is connected 
over conductor 1904, the plug and jack connection, con 
tact 10 of relay C3 (11) and conductor 4 to battery 
through resistance 962. Conductors 333 and 14 are 
connected together through resistance 983. Coil ductors 
313 and 14 are also connected through condensers 
RTC8) and RR(8) to the grids of cathode-follower tube 
RCF (8), the output circuit of which is connected through 
amplifier 86 and repeating coil Ti (8) to conductors 
222 and 2213 for transmitting voice frequency currents 
to the service observing position. The lower winding of 
repeating coil Ti (8) is normally shunted over conductors 
398 and 869 and contact 3 of relay RP (9). "The ampli 
fier 806 may be omitted for those offices where the trans 
mission of voice frequency current is adequate without 
being amplified. 

Similarly the tip and ring conductors of the front plug 
1995 are connected to tube G7 (9) for signaling purposes 
and to cathode-follower tube FCF (8) for the transmission 
of voice frequency currents to the service observing 
position. 
The circuits of tubes G7 (9), G (9), G3 (9), G10 (9), 

G8 (9) and G5 (9) are similar to those described for tube 
PU(1), that is, the two halves of each tube are included 
in the two legs of a Wheatstone bridge arrangement with 
a relay connected across the diagonals. Tubes G7 (9), 
G(9) and G3 (9) are substantial duplicates of tubes 
GE0 (9), G8 (9) and G5 (9) except that they are asso 
ciated with the front plug 6285 of the cord circuit instead 
of with the rear plug. 
The cathodes of tube GS (9) are connected to -24 

volt battery through equal resistances. The right grid of 
tube G6 (9) is connected directly to -24 vot battery, 
while the left grid is connected to battery through resist 
ances 900 and 901. Relay RR(9) is connected across the 
piates of tube G10 (9). The cathodes of tube G8 (9) are 
connected through individual resistances and a coinion 
resistance to -24 volt battery supplied over coiductor 
126). The jeft grid of tube G8 (9) is connected directly 

to battery on conductor 28, while the right grid is : 
connected to conductor 26 through resistances 34 
and 903. Relay RP (9) is connected between the plates 
of tube G3(9). The cathodes of tube G5(9) are con 
nected through individual resistances to the mid-point 
of a potentiometer made up of resistances 952 and 91.3 
which are connected between -24 volt battery and 
ground supplied over contact of relay HC(6) and 
conductor 606. The right grid of tube G5 (9) is also 
connected to the mid-point of this potentionineter, while 
the left grid is connected through resistances 925 and 
$83 to -24 volt battery on conductor 220. Relay 
RSV (9) is connected between the plates of tube G5 (9). 
With relay Ci (11) operated, the sleeve conductor E32 is 
extended over contact 11 of relay Ci(1!) and conditictor 
i? 5 to a point between resistance 93 and resistances 
904 and 925. The value of the potential applied to con 
ductor 5 due to the insertion of plug is in jack 
1000 is such that the potentiai on the right grid of tube 
G8(9) becomes less negative while the potential cin the 
left grid of tube G8 (9) remains substantially unchanged. 
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Therefore the current flow through the two halves of 
tube G8 (9) is unbalanced, resulting in the operation of 
relay RP(9). Relay RP(9) in turn operates relay 
RPI (9). Relay RP (9) removes the shunt across the 
lower winding of repeating coil Ti (8). The wiring and 
circuit elements of tube G5 (9) are such that it does not 
respond to the potential applied to conductor E5 at 
this time. 
At the service observing position the rear observing 

circuit, including conductors 222 and 22:3, is connected 
as previously traced to the right windings of repeating 
coil 2595. The left windings of repeating coi 250, 
are connected over contacts 8 and 9 of relay MK2(25) 
through annplifier 2526, over contacts 3 and 2 of relay 
MK4 (25), conductors 2597 and 2568 to the left windings 
of repeating coil 3705. 
When relay CA(28) operates, as above described, it 

OPSAs the circuit of relay CA1(28) and the latter relay 
releases slowly. When relay CA1(28) has closed its 
back contacts, a circuit is closed from ground over con 
fact 2 of relay DD (35), conductor 3518, contact 3 of 
relay CA (28), contact 4 of relay CAE (28), conductor 
2837 to battery through the winding of relay SP (37). 
Relay SP (37) operates in this circuit and connects the 
right windings of repeating coil 3705 to jacks 3782 and 
373 and thereby to the operator's headset. With the 
Voice frequency circuit extended as above traced to the 
left winding of repeating coil 3705, the service observing 
operator may now listen to the instructions given to the 
cord circuit operator. 
When relay CA1(28) releases, the rear observing 

circuit above traced through the windings of relay 
Ri (28) now extends from the upper winding of re 
lay RR(28) through the upper winding of marginal re 
lay RM (28) and the two windings of relay RC(28) 
in Series to ground at contact 1 of relay CA(28) and 
from the lower winding of relay RR(28) through the 
lower winding of relay RM (28) to resistance 286 and 
battery over contact 2 of relay CA(28). The front 
observing circuit previously traced through the wind 
ings of relay FR(28) now extends from the upper 
winding of relay FR(28) over conductor 3282, con 
tact of relay SD(32), conductor 2804, upper wind 
ing of marginal relay FM (28) through the two wind 

is ings of relay FC(28) in series to ground at contact 6 
of relay CA(28) and from the lower winding of re 
lay FR(28) over conductor 3201, contact 3 of relay 
SD(32), conductor 2802, lower winding of relay 
FM (28) through resistance 2881 to battery over con 

} tact S of relay CA(28). 
Relay MCD (27), when operated as above described, 

closes at its contact 12 an obvious circuit for operating 
relay MF(27). At its contacts 5 to 10 it prepares cir 
cuits for the signal lamps FPU(27), RR(27), FR(27), 
RSV (27), FSV(27) and RPU (27). Relay MF(27) at 
its contact 2 connects battery to conductor 272 and 
relay MCD (27) at its contact connects ground to 
conductor 2703 leading to the multifrequency receiv 
ing circuit 2809 to place that circuit in condition to re 
ceive multifrequency code pulses. 

Relay MCD (27) also closes a circuit from ground 
over its contact 2, contact i of relay KD(27), con 
ductor 2706, contact 8 of relay KC(25), conductor 
2569 to battery through the winding of relay HG (26). 
Relay HG (26) operates and prepares the digit regis 

75 

ter circuit for operation and Supplies ground to 
conductors 2600 to 2607 for various purposes which 
will appear hereinafter. Ground on conductor 2602 
completes a circuit over contacts of relays A7(30), 
A4(30), A2(20), A(30) and A8(30) of the first digit 
register, conductor 308 to battery through the wind 
ing of steering relay ASC29). Relay AS(29) oper 
ates and locks over its contact 4 and contact it of re 
lay BSC29) to ground on conductor 2699. Relay 
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AS(29) closes a circuit from ground on conductor 2605, 
contact of relay AS(29), conductor 2900 to battery 
through the winding of relay OD (26), operating the 
latter relay to prepare for storing the digits on the prop 
er register. Relay OD(26) extends its operating ground 
over its contacts 4 and 3 to the winding of relay 
OD1 (26). Relay OD1 (26) operates and disconnects 
the output conductors 2820 and 2827 of receiving cir 
cuit 2309 from conductors 2630 to 2637 leading to 
the even steering relays and leaving them connected to 
conductors 2620 to 2627 over back contacts of relay 
EV (26) to the contacts of the odd steering relays. 
In addition, ground on conductor 2607 completes a cir 
cuit over contact 4 of relay KP1(27) to battery through 
the winding of relay KP(27) operating the latter relay. 

In the service observing trunk circuit the operation 
of relay CA(7) closes a circuit from conductor 863 
over contact 10 of relay ST2(7), contact 4 of relay 
CA(7), conductor 706, contact 2 of relay RP1 (9), 
resistances 923 and 924, conductor 905, contact 8 of 
relay ST2C7), conductor 707 to the lower winding of 
relay RCA(8). The circuit through the high resist 
ance upper winding of relay RCA (8) is open at con 
tact 5 of relay CA(7). The resistance now included 
in the rear observing circuit causes the operation of re 
lay RC(28). Relay RC(28) in turn operates relay 
RPU(28) and the latter relay connects ground over 
its contact 2, conductor 2810, contact 10 of relay 
MCD (27) through lamp RPU(27) to battery at con 
tact 2 of relay TD (27) to light lamp RPU(27) as an 
indication that the rear cord has been plugged up. 
The operator using the cord circuit of Fig. 10 hav 

ing operated talk key 1009 to connect the cord with 
her position equipment has received the designation 
of the called subscriber, and now will insert the front 
plug 1685 of her cord circuit in the jack of an outgo 
ing trunk such as jack 1006. The sleeve terminal of 
plug 1095 is connected over conductor i007, through 
the plug, jack and cord arrangement to conductor 1116, 
contact 6 of relay C1 (11), conductor 1117 to a point 
between resistance 914 which is connected to battery 
on conductor 1120 and resistances 915 and 916 con 
nected to the grids of tubes G1 (9) and G3 (9). Be 
fore plug 1005 is inserted in jack 1006 with the talk 
ing key 009 operated, resulting in the operation of 
relay TK(10), the sleeve of plug 1005 is connected to 
battery through the winding of a relay in the position 
circuit and the current through the two sides of tube 
g1(9) is approximately balanced, being slightly over 
balanced in a direction to cause relay FP(9) to hold 
its contact open. When plug 1005 is inserted in jack 
1006, ground on the sleeve of the trunk jack causes 
the potential on the right grid of tube G1 (9) to be 
come less negative unbalancing the tube in a direc 
tion to cause relay FP(9) to close its contact. Relay 
FP(9), in operating, operates relay FP1 (9). Relay 
FP1 (9) opens the shunt around the lower windings of 
repeating coil T(8) so that transmission may now take 
place over the front observing circuit. Relay FP1 (9) 
closes a circuit for measuring a time interval during 
which the key-set of Fig. 5 should be attached to the 
cord circuit of Fig. 10. This circuit comprises a charg 
ing circuit for condenser 708 and may be traced from 
--130 volt battery through resistance 710, condenser 
798, conductor 711, contact 6 of relay FP1(9), con 
ductor 906, contact 2 and winding of relay KT(7), 
conductor 752 to ground at contact 3 of relay FP (9). 
Condenser 708 is connected between the control anode 
and the cathode of gas-filled tube 713, the --130 volt 
battery being connected to the main anode of tube 
73. When condenser 708 has received a sufficient 
charge it causes the control gap of tube 713 to break 
down followed by the main gap, completing the cir 
cuit for relay KT (7) which operates and locks over its 
contact 3 to the --130 volt battery through resistance 
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709. Relay KT(7) at its contact 2 opens the main 
discharge circuit of tube 713 thereby quenching the 
tube. It may be noted that relay FP1 (9) at its con 
tact 7 opens a shunt around condenser 708 extending 
over conductor 711, contact 7 of relay FP1 (9), con 
ductor 907 and resistance 714. 
The purpose of this timing arrangement is to permit 

the various indications from the position key-set to be 
come effective only if the key-set is attached within 
a predetermined interval after the front cord is plugged 
up, and thereby to prevent subsequent use of the key 
set with another cord at the position from affecting an 
observation already in progress. Resistance 710 is ad 
justable to permit varying the time to be measured. If 
relay KT(7) operates it prevents the operation of re 
tay KA(6) in response to a key-set-attached indication. 

In addition, relay FP1 (9) closes a circuit for con 
ductor 2219 of the front observing circuit through the 
upper right winding of repeating coil T(8), resistance: 
800, conductor 891, contact 6 of relay ST2 (7), con 
ductor 704, contact 5 of relay FP1 (9) through resist 
ances 909 and 90, conductor 951, contact 4 of re 
lay ST2(7), conductor 716, winding of relay FCA (8), 
resistance 897, upper left winding of repeating coil T(8) 
to conductor 224 of the front observing circuit. This 
circuit extends as previously traced through the wind 
ings of relays FR(28), FM (28) and FC (28) to bat 
tery and ground at contacts 5 and 6 of relay CA(28). 
The closure of this circuit in the service observing 
trunk circuit causes the operation of relay FC(28) which 
closes an obvious circuit for relay FPU(28). Relay 
FPU(28) closes a circuit from ground over conductor 
2686, contact 1 of relay PK (27), conductor 2707, con 
tact 4 of reiay KD (27), conductor 27898, contact 8 of 
relay ST(26), conductor 2650, contact 6 of relay 
FPU(28), conductor 28ii to battery through the wind 
ing of relay PC(25). At its contact relay FPU (28). 
connects ground to conductor 2589 to hold relay HG (26) 
operated. At its contact 2 relay FPU(28) closes a cir 
cuit from ground over contact 5 of relay MK(32), con 
ductor 3204, contact 2 of relay FPU(28), conductor 
2812, contact 5 of relay MCD (27) to battery through 
lamp FPU(27) which lights to indicate that the front 
cord has been plugged up. 
The key-set circuit shown in Figs. 4 and 5 is ar 

ranged to provide either direct-current code pulses or 
multifrequency code pulses as required. In trunk cir 
cuits leading to offices requiring direct-current code 
pulses, ground is normally connected to the ring con 
ductor but is removed before the sender is ready to 
receive pulses. When the sender is ready to receive 
pulses, -24 volt battery is connected to both tip and 
ring conductors. In trunks leading to offices requiring 
multifrequency code pulses ground is not disconnected 
from the ring conductor. The operation of talking key 
1809 causes certain relays in the position circuit to 
operate and connect ground to conductors 400 and 401. 
Ground is also connected to conductor 404, closing a 
circuit over contact 2 of relay D(5) to battery through 
the winding of relay Di (5) causing relay D1(5) to 
operate so that its core may become saturated before 
its operating circuit is opened, while testing for ground 
on the ring conductor. The operator wishing to pulse 
out over the front cord will operate the front KP key 
462, completing a circuit from ground on conductor 
401 over contacts 2 and 3 of key 402, contact 3 of 
relay R(4), winding of relay F(4) to battery through 
resistance 403. Relay F(4) operates and closes a cir 
cuit from ground over contact 6 of relay R(4), con 
tact 6 of relay F(4) to battery through lamp KF(4) 
which lights to indicate that the key-set is associated 
with the front plug. With relay F(4) operated, a test 
is made for ground on the ring conductor of the out 
going trunk. This circuit may be traced from -24 
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volt battery over contact 2 of relay F(4), conductor 
405, winding of relay D(5), contact 13 of relay SA1(5), 
conductor 500, contact 7 of relay MF(4), contact 9 
of relay F(4), conductor 4G6, contact 2 of relay 
TK(10), conductor 2010 to the ring contacts of plug 
1005 and jack 085 and the ring conductor of the out 
going trunk. Relay D(5) will operate in this circuit 
and open the circuit of relay Di (5) but, assuming 
that direct-current code pulses are required, ground will 
be removed from the ring conductor before relay Dg(5), 
which is slow to release, has time to close its back con 
tact. As soon as ground is removed from the ring con 
ductor, relay D(5) releases and recloses the holding 
circuit for relay D(5). An auxiliary holding circuit 
for relay DA(5) is provided by ground connected to 
conductor 404 over contact of relay F(4). 
When a sender has been attached at the distant office 

and is ready to receive pulses, -24 volt battery is con 
nected to both the tip and ring conductors. The Sub 
stitution of battery for ground on the ring conductor 
causes relay D(5) to remain released and keep the hold 
ing circuit for relay D3 (5) closed as above described. 
Battery on the tip conductor completes a circuit over 
conductor 6, contact 2 of relay TK(10), conductor 
1812, contact 7 of relay F(4), contact 4 of relay MF(4), 
conductor 407, contact 2 and winding of relay SA(5) 
to ground. Relay SA(5) operates in this circuit and 
locks over its contact 3 through resistance 56 and con 
ductor 405 to battery on contact 2 of relay F(4). Re 
lay SA(5) closes a circuit from battery through the 
winding of relay SAS (5), conductor 53, contact of 
SA(5), contact of relay KD(5), conductor 502 to 
ground at contact 11 of relay F(4) operating relay 
SA (5). With relay SA (5) operated, the tip con 
ductor, which has been previously traced to conductor 
407, is connected over contact 8 of relay SAE (5) and 
contact of relay MFS (5) to the key-set 519. in 
addition, the ring conductor, which has been previously 
traced to conductor 509, is disconnected from the wind 
ing of relay D(5) and connected over contact 12 of 
relay SA (5) and contact 33 of relay MFi(5) to key 
set 510. When the operator operates the front key 402, 
operating relay F(4), the ground which lighted laimp 
KF(4) is extended over conductor 493, contacts 3 and 
45 of plug 56 and jack 182, contact 2 of relay CS (11), 
conductor 118, contact of relay FP1 (9), conductor 988, 
contact 1 of relay KT (7), conductor 7 i3, contact 3 and 
winding of relay KA (6) to battery. Relay KA (6) op 
erates and closes a locking circuit for itself through 
resistance 6:1, contact 2 of relay FXA(6) to ground on 
conductor 963. Relay KA(6) transmits a key-set 
attached signal to the service observing position and 
prepares a plurality of circuits connecting the key-set 
circuit of Fig. 5 with the pulse converter circuit of Figs. 
2 and 3. 
The key-set-attached signal is produced by connecting 

--130 votbattery through resistance larmp 632, over con 
tact 1 of relay KA (6), through resistance 68 to the 
lower winding of relay PB (6) and over contact 2 of reiay 
LB(6) and through the lower winding of relay ST (6), 
to the upper winding of relay PS (6) aid thence over the 
signaling circuit as previously traced to the windings of 
relays KA (27) and H3(27). "he key-set-attached signa 
is in the correct direction to cause the operation of relay 
KA (27) which closes a circuit from ground over its con 
tact 2, contact of relay MCD(27), conductor 2769, con 
tact 9 of relay HG (26), condictor 2698, contact 3 and 
winding of relay KC(25) to battery. Relay KC (25) oper 
ates in this circuit and locks over its contact 4 through 
resistance 250 to ground on conductor 2686. Reiay 
KA(27) also connects ground over contact 2 of relay 
KD (27) to battery through resistance 2716 in shunt with 
the winding of relay KD (27) to prevent the latter relay 
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from operating when its circuit to ground is closed by 
the operation of relay KC(25) at its contact 5. 

Relay KC(25) closes a circuit from ground through 
lamp KON (25), conductor 251, contact of relay 
MK(32), conductor 3203, contact 6 of relay KC(25), re 
sistance 2552, conductor 2513, contact 3 of relay Kid (27), 
conductor 27, to battery over contact i. of relay MF(27). 
Lamp KON (25) lights to indicate to the observing oper 
ator that the key-set has been attached. Relay KC (25) 
also disconnects resistance 25:4 from across the left 
winding of repeating coil 250; and connects that wind 
ing over contacts 8 and 10 of relay MKi (25), contacts 
2 and 3 of relay PC(25) and contact 2 of relay KC (25), 
conductors 255 and 256 to the multifrequency receiv 
ing circuit 2809. 
The cord circuit operator now proceeds to write up 

the designation of the wanted subscriber on her position 
key-set. The number of digits keyed will differ in accord 
ance with the destination of the cali but may have a 
maximum of fourteen digits. If less than fourteen digits 
are keyed the start key should be operated following the 
last digit to indicate that the designation has been con 
pleted. To illustrate the operation of the converter cir 
cut it will be assumed that the designation code has 
a first digit 9 and contains less than fourteen digits so 
that the start key will be operated. 
When conductor 435 was grounded, as previously de 

scribed, a circuit was closed from battery through the 
winding of relay KP(5), conductor 503, contact 9 of relay 
MF(4), contact 2 of the front key 492 to ground on con 
ductor 40. Relay KP(5) operates and locks in a cir 
cuit extending from battery through the winding of relay 
KP(5) and over its contact 2, contact 4 of relay KP (5), 
conductor 502 to ground at contact få of reiay F(4). 
When relay F(4) operates, it closes a circuit from - 48 
volt battery through resistance 409, contact 5 of relay 
F(4), conductor 450, lower winding of relay P(5) to 
-24 volt battery to bias relay P(5) in a direction to hold 
its contact 2 closed. 

Relay SA1(5) when operated, as above described, con 
nects -24 volt battery over its contact i to the upper and 
middie windings of relay P(5). The upper winding of 
relay P(5) is connected over contact 3 of relay KD(5), 
contact 9 of relay SA1 (5), contact ºf of relay MFA (5) 
to tip contacts of key-set 5:9 and over contacts 9 and 19 
of relay SA1(5), conductor 497, contact 4 of relay 
MF(4), contact 7 of relay F(4) to conductor 1612 and 
thence as previously traced to the tip conductor of the 
outgoing trunk. The middle winding of relay P(5) is 
connected over contact 3 of relay MSE (4) to the ring 
contacts of the key-set 518 and over contact 2 of relay 
SA (5), conductor 509, contact 7 of relay MF(4), con 
tact 9 of relay F(4) to conductor 466 and thence as pre 
viously traced to the ring conductor of the outgoing trunk. 
At its contact 5, relay SAi(5) closes an obvious circuit 
for lighting lamp 566 to indicate that the sender has been 
attached. At its contact 8, relay SAi(5) connects -48 
volt battery through resistance lamp 597 to conductor 538. 
Conductor 598 is connected over contact 5 of relay 
MF2(5) to the bottom contact of key 9 and over contact 
3 of relay MF1 (5) to the top contacts of keys 8 and 3 
to supply heavy (low resistance) negative battery to these 
keys. Conductor 568 is also connected through resist 
ance 535 and over contact 5 of reiay Miff (5) to the top 
contacts of keys 7 and 2 and to the bottorn contact of 
key 4 to supply light (high resistance) battery to these 
keys. Ground is supplied over contact 3 of relay KP (5) 
to conductor 52 which is connected over contact 2 of 
relay MF2(5) to the lower contacts of keys 7 and 8, over 
contact 9 of relay MF2(5) to the lower contact of key 6, 
over contact is of relay Mi2 (5) to the lower contact of 
key 5, over contact 7 of relay MFS (5) to the upper con 
tact of key 6 and over contact it of relay MF; (5) to the 
upper contact of key thereby preparing for the trans 

  



mission of heavy ground pulses (positive pulses). Con 
ductor 512 is also connected over contact 7 of relay 
MF; (5) and through resistance 569 to the upper con 
tacts of keys 0, 4 and 5 and over contact 9 of relay 
MF2(5) through resistance 5 to the upper contact of 
key 9 and the lower contacts of keys 2 and 3 to prepare 
for the transmission of light ground pulses. When the 
key-set is to be used for direct-current code pulsing with 
relays MFi (5) and MF2(5) normal, the lower contacts 
of keys 0 and are attached to neither battery nor ground. 
The tip and ring conductors 1941 and á of the 

front plug 1995 are normally connected through the 
patching cord, contacts 4 and 5 of relay C (11), con 
ductors ii.21 and ii.22, contacts 6 and 8 of relay SA(3), 
contacts 4 and 6 of relay PK(3), conductors 390 and 30 
to tube G7 (9) and through condensers FT(8) and FR(8) 
to tube FCF(8). At the same time that reiay SA (S) 
was operated, a circuit was closed from ground at con 
tact of relay F(4), conductor 502, contact E of relay 
KD (5), contact f of relay SA(5), conductor 5a3, con 
tacts 10 and ii of jack 1192 and plug 116i, contact 7 
of relay C (11), conductor i:23, contact 5 of relay 
KA(6), conductor 625, contact 2 of relay MF (3) to 
battery through the winding of relay SA(3) operating 
relay SA(3). With relay SA(3) operated, conductor 
i22 is connected over contact 7 of relay SA(3) and 

conductor 398 to the grids of tubes V6(3), V7(3) and 
V8(3), while conductor 12 is connected over contact 
5 of relay SA(3) and conductor 363 to the grids of tubes 
V(2), V2(2), V3(2), V4 (2) and V5(3). 
369 and 30 are connected over contacts 9 and 6 of 
relay SA(3) to the left windings of repeating coil 362. 
The right windings of repeating coil 392 are connected 
over contacts 2 and 3 of reiay SA (3) to the top arma 
tures of relay TM (3) and thence, as will be described 
hereinafter, under the control of the code relays to the 
multifrequency source 209. 

Each of the vacuum tubes V(2) to V8(3) is a double 
diode used in a differential type of direct-current ampli 
fier circuit. As previously stated, the tip conductor of 
the cord plug 805 is connected over conductor 393 to 
the left-hand control grids of tubes V (2) to V5(3), the 
connection of tubes V1(2) to V4 (3) being through a re 
sistance of approximately .4 megohm, while the connec 
tion to tube V5(3) is through a resistance of approxi 
mately 1 megohm. Conductor 303 is also connected 
through a resistance of 24,000 ohms to — 24 volt battery. 
The right-hand grids of tubes V (2), V2(2) and V3 (2) 
are connected directly to — 24 volt battery. Ti The corre 
sponding grid of tube V4(3) is connected to a potential 
derived from a voltage divider connecting -24 volt bat 
tery and ground and tube V5(3) is connected to a poten 
tial derived from a voltage divider connecting -24 volt 
battery and -48 volt battery. Similarly conductor 308, 
which is connected to the ring conductor of plug 1995, is 
connected to the left-hand grids of tubes V6(3) and 
V7(3) through a resistance of approximately 4 megohm 
and to the left-hand grid of tube V8(3) through a re 
sistance of approximately i megohm and to -24 volt 
battery through a resistance of 24,000 ohms. The right 
hand grid of tube V6 (3) is connected directly to -24 
volt battery. The right-hand grid of tube V7(3) is con 
nected to a potential derived from a voltage divider con 
necting -24 volt battery and ground and the right-hand 
grid of tube. V8(3) is connected to a potential derived 
from a voltage divider connecting –24 voit battery and 
-48 volt battery. in each case the two cathodes of the 
tubes are connected in parallel through suitable individu 
al resistances to the two parts of a potentiometer the 
slider of which is connected to the same potential as the 
right-hand grid of the associated tube. The plates of the 
tubes are connected through balanced resistances to 
--130 volt battery. A relay is connected between the 
two plates of each tube. 
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5 relay RH— (3) to release. 

?? 
With the potentiometers properly adjusted, the current 

flow in the various plate circuits is such that relays 
TL--(2), TL-(2), TL-2(2) and RL- (3) normally 
hold their arrnatures in the left position so that the coin 
tacts of relays TL-j- (2) and Ti - (2) hold their single 
contacts open whiie relays TL-2(2) and RL- (3) close 
their contacts i Rei??S TH+ (2), TH- (2), RH+ (3) 
and RH- (3) on the other hand hold their arrnatures in 
the right-hand position so that all of these relays hold 
their contacts open. 
When a direct-current puise appears on the left-hand 

grid of any tube the two plate and cathode impedances 
are changed causing a change in a current flow through 
the associated relay which, if it is of the required mag 
nitude and polarity, will cause the relay to operate or re 
lease. When a pulse causes the left-hand grid to be made 
positive reiative to the normal –24 voit battery the in 
teinai impedance of the left-hand side of the tube is re 
duced causing an increase in plate current through that 
side of the tube lowering the plate potential and causing 
current to flow from the right-hand plate to the left-hand 
plate through the relay winding. Conversely if the in 
conting pulse causes the left-hand grid to be made nega 
tive with respect to –24 voit battery, current flows in 
the opposite direction through the relay. 
Tubes Vi(2) and V2 (2) are similarly adjusted but 

polarized relay TL-- (2) associated with tube V(2) is so 
connected as to respond to the changes induced by any 
positive pulse while the polarized relay TL-1(2) is so 
connected as to respond to the changes induced by any 
negative pulse. The function of relays TL-- (2) and 
T-3(2) is to indicate the presence of any digit, all digits 
having a pulse of some sort on the tip conductor. Tube 
V3(2) and relay TL-2(2) are duplicates of tube V2(2) 
and relay TL-(2) and serve to control the register re 
lays. Tubes V6(3), V7(3) and V8(3) and the associ 
ated relays perform the same functions with respect to 
the ring conductor that tubes V2(2), V4(2) and V5(3) 
perform with respect to the tip conductor. Tubes V4(2), 
V5(3), V7(3) and V8(3) respond to heavy pulses. 
Tubes V4(2) and Vi (3) respond to positive pulses, while 
tubes V5(3) and V8(3) respond to negative pulses. For 
each of tubes V4(2), W5(3), V7(3) and V8(3) the as 
sociated relay is normally operated, that is, holds its left 
hand contact open. When a pulse is received the unbal 
ance of the tube circuit causes the associated relay to re 
lease. 
When relay HC(6) operated, as previously described, 

connecting ground to conductor 607 to complete the 
heater circuits for the tubes V1(2) to V8(3), a circuit 
was closed from ground on conductor 607 over contact 
of relay SA(3) to battery through the winding of relay 

KP(3). Relay KP(3) operates to close a shunt around 
its winding to make it slow to release, opening the cir 
cuit of relay SD(3). When relay SA(3) operates, as 
previously described, it opens the circuit of relay KP (3) 
and during the release time of that relay the right wind 
ing of repeating coil 392 is connected over contacts 2 and 
3 of relay SA (3), contacts and 3 of relay TM (3), con 
tacts 3 and 4 of relay KP(3) to conductors 212 and 220 
to transmit a preliminary or KP signal to the service ob 
serving position. As soon as relay KP(3) releases, the 
KP signal is terminated and a circuit is closed from 
ground on conductor 667 in parallel over the normally 
closed contacts of relays TL-2(2) and RL-(3) to con 
ductor 28, contact of relay KP(3) to battery through 
the winding of relay SD(3), operating the latter relay. 
Therefore when the operator operates key 9 for the 

first digit of the designation to be sent out, heavy battery 
is connected to the lower contact of key 9 and over that 
contact as above traced to the ring contact of the cord and 
to conductor 308. Tubes V6(3) and V8(3) respond to 
this pulse, in turn operating relay RL-(3) and causing 

At the same time, ground 



9 
through resistance 5 is connected as previously traced 
over the upper contact of key 9 to the tip contact of the 
cord and to conductor 303. Tube V1(2) responds to this 
pulse, in turn operating relay TL-- (2). Relay TL-- (2) 
closes its contact, and connects ground over conductor 
200, contact 6 of relay SD(3) to battery through the 
winding of relay TM(3) and over conductor 203 and 
contact 6 of relay P3(2) to battery through the winding 
of relay Pá2(2) which operates. Relay RL- (3) at its 
contact A, opens the circuit of relay SD(3) but that relay 
is held operated over contact of relay TL-2(2). When 
relay Pi2(2) operates, relay RL-(3) closes a circuit 
from ground on conductor 687, over contact 2 of relay 
RL.- (3), contact 3 of relay SD (3), conductor 306, con 
tact 3 of relay P2(2) to battery through the winding of 
relay 224 which operates. Relay RH-(3) in releasing 
closes its contact, connecting ground to conductor 309 and 
over contact 4 of relay SD(3), conductor 397, contact 4 
of relay P12(2), windings of relays 225 and 226 to bat 
tery operating relays 225 and 226. 

Relay PS2(2) at its contact 1 closes an obvious cir 
cuit for relay P3(2). Relay P3(2) operates and locks 
over its contact 5, conductor 203, contact 6 of relay 
SD(3), conductor 230 to ground at the contact of relay 
TL-- (2). At its contact 6, relay P3 (2) opens the operat 
ing circuit of relay P2(2) and at its contact 7 connects 
ground to conductor 204 completing an operating circuit 
for relay SD1(3). At its contacts 1 to 4, relay P3 (2) 
closes substitute circuits for relays 221 to 226 under the 
control of the pulse receiving relays so that relays 224, 
225 and 226 remain operated after relay Pi2(2) releases. 
As soon as relay P12(2) releases, relays 224, 225 and 
226 lock under the control of relay TM (3), the locking 
circuit for relay 224 extending from battery through its 
winding and over its contact 4, contact 6 of relay P12(2), 
conductor 205 to ground on contact 6 of relay TM(3), 
while the locking circuit for relays 225 and 226 extends 
from battery through the windings of relays 226 and 225, 
contact 5 of relay 225, contact 5 of relay P12(2), con 
ductor 206 to ground at contact 5 of relay TM(3). 
When the operator releases key 9, the direct-current 

pulse ends and tubes V (2), V6(3) and V8(3) return to 
their normal conditions. Relays TL—+ (2) and RL——(3) 
release and relay RH- (3) reoperates. The release of 
relay TL-- (2) opens the circuit of relay TM(3) and the 
locking circuit for relay P3(2). Relay P3 (2) releases 
immediately but relay TM (3) is slow to release. During 
the release time of relay TM(3) the register relays 224, 
225 and 226 are held operated and two circuits are closed 
for transmitting the multifrequency code for the digit 9 
to the Service observing position. These circuits may be 
traced from the 1500-cycle source connected to conductor 
217, contact 7 of relay 226, contact 6 of relay 224, con 
tact 9 of relay 222, contact 5 of relay 22, contact 19 of 
relay P12(2), contact 9 of relay P3(2), conductor 207, 
contact 4 of relay TM(3), contact 2 of relay SA(3) to the 
right winding of repeating coil 392 and from the 1100 
cycle source connected to conductor 242, contact 2 of re 
lay 226, contact 2 of relay 224, contact 1 of relay 222, 
contact 1 of relay 221, contact 9 of relay P12(12), con 
tact 8 of relay P3(2), conductor 208, contact 2 of relay 
TM(3), contact 3 of relay SA(3) to the right winding of 
repeating coil 302. If the interdigital time is sufficient, 
the length of the multifrequency pulse is measured by the 
release time of relay TM(3). If, however, the next key 
is operated before relay TM (3) releases, the operation 
of relay Pi2(3), in response to the next digit, opens the 
above-traced circuits terminating the multifrequency 
pulses. - 

Following is a table showing the relationship between 
the digits, the D. C. code pulses, the response of the tubes 
and associated relays, the register relays operated and the 
multifrequency code pulses sent out to the service observ 
ing desk: 
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D. C. Receiving MF Sending 
Circuit Circuit 

C MF r « OE- ... }. WO- '''Orles Digit d'Eor " " Regiving ie. on Con Sender Relays to Register ductors 
Acutated Vacuum Relays 300 and 

Off- Tubes Operated 301 
Normal C.F.'s 

0. { 1121 | Light-----| TILu-— (2) --- | V1(2) - --|----------- 1,300 
- - - - - i 1122 None------ Nome-------------------------- 1,500 

? 1121 Heavy---- TL--(2), V1 (2), 221 700 
1----- : TH--(2). || V4(2) 

122 None.----- NOTue 900 ? ? ? ? ? ? ? ? ? ??? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 
1121 : Light---- TL-1(2), V2(2), 222 70) 

2- - - - - TL-2(2). V3(2) 
1122 Light----- None-------------------------- 1,100 
1121 Heavy--- TL-1(2), V2(2), 221, 222 900 

3 TL-2(2), V3(2) 
- - - - - : TH-(3). || V5(3) 

it 1122 Light-h--- None.-------------------------- 1,100 
4..............j{ {{?! |-?-?????----- TL--(2)-- W1(2)--- 224 700 

- - - - - 1122 || Light-----| IRL- (3) ----| V6(3).---|---------- 1,300 
5 | 1121 light----- TL.--(2). Wi(2)------------- 900 

- - - - - |l 1122 | Heavy-+---| RH-+-(3)--| W7(3)----| 225, 226 1,300 
| 112 do... T?L--(2), V1(2), 221 1, 100 

6----- TH--(2). V4(2) 
| 1122...do.....-- RH--(3) -- W7(3). 225,226 1,300 
i? 1121 : Light---- TL-1(2), V202), 222 1,500 

7- - - - - TL-2(2). V3(2 
1122 || Heavy-+----| REI--(3) -- V7(3)-.-.- || 225, 226 .00 
1121 Heavy--- TL-1(2), ?2?2) , 221, 222 1,500 

8 TL-2(2), W3(2) 
)3(TEI-(3). V5 - ? it 1122 Heavy---. Rii-(35. Vici). 225, 226 900 

1121 Light-H---- TL--(2)--- V1(2)-------------- 1,100 
9----- 1122 | Heavy — --| RIL— (3), | V6(3), 224, 225, 1,500 

RH-(3). V8(3). 226. 
| 1121 || EHeavy-+---- TIL --(2), V1(2), 221. 1,500 

ST... TH-(2). || V4(2) 
1122 Light---- RL-(3)-. W6(3).---. 224 1,700 

In the key-set circuit, the operation of the numerical 
keys also connects the combinations of light and heavy 

5 battery and ground pulses indicated in the above table to 
the windings of relay P(5) but the combinations are 
such that relay P(5) does not operate in response thereto. 
After completing the keying of the numerical designa 
tion the operator operates the start key of Fig. 5 closing 
an obvious circuit for operating relay ST(5). With relay 
ST(5) operated, the tip of plug 1005 is connected as above 
traced to conductor 407 and thence over contact 10 of 
relay SA (5), contact 4 of relay ST(5), contacts 2 and 
2 of relay MF2(5) to ground at contact 3 of relay KP(5). 
The ring of plug 1005 is connected as previously traced 
to conductor 500 and thence over contact 12 of relay 
SAi(5), contact 2 of relay ST(5), resistance 505, contact 
8 of relay SA (5) to -48 volt battery through resistance 
lamp 507, thereby transmitting a start signal to the dis 
tant sender as an indication that no more digits will be 
keyed. When the sender receiving the direct-current pulses 
recognizes the start pulse, it connects - 48 volt battery 
to both the tip and ring conductors of the trunk. This 
-48 volt battery is extended to the pulse conversion cir 
cuit in the same manner as the pulses from the key-set, 
resulting in the operation of relays TL-2(2) and RL-(3). 
With both of these relays operated, ground is removed 
from conductor 201 opening the circuit of relay SD (3) 
which immediately releases, disconnecting the register re 
lays from the code relays and thereby preventing a false 
registration in response to the sender disconnect signal. 

Each time that relay P3(2) operates in response to the 
registration of a digit it operates relay SD(3) as pre 
viously described. With relay SD(3) held operated, re 
lay SD1(3) is ineffective but as soon as relay SD(3) is 
released, in response to the sender disconnect signal, 
ground is connected over the contact of relay S.D. (3), 
contact 5 of relay SD(3) to battery in shunt of the wind 
ing of relay SD (3). Relay SD (3) is held operated until 
relay P3(2) is released in response to the release of relay 
TM(3) so that the last pulse transmitted to the service 
observing circuit is of full length. Relay SD (3) is slow 
to release and therefore measures an additional interval 
before removing the shunt from relay Sid (3) and permit 
ting that relay to be reoperated. 
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When, as above described, the sender, in response to 
the start signal, connects -48 volt battery to both the 
tip and ring conductors of the trunk, this battery is also 
extended to the windings of relay P(5). Relay P(5) op 
erates in response to this signal and closes at its contact 1 
an obvious circuit for operating relay KD(5). Relay 
KD(5) closes a locking circuit for itself which may be 
traced from battery through the winding of relay KD(5), 
contact 2 of relay SA1(5), contact 2 of relay KD(5) to 
ground on conductor 502. At its contact 7, relay KD(5) 
connects battery in shunt with the biasing winding of relay 
P(5) so that the relay will now remain operated with 
only one winding energized. At its contact 3, relay KD(5) 
disconnects the upper winding of relay P(5) from the 
tip of plug 1905 and at its contact 4 connects the tip of 
plug 1005 over conductor 514 to ground at contact 2 of 
relay MF(4). The sender responds to the connection of 
ground to the tip conductor by removing the -48 volt 
battery from the tip and ring conductors whereupon relay 
P(5) releases, closing a circuit from ground over con 
tact 2 of relay P (5), contact 6 of relay KD (5), contact 
6 of relay SA (5), conductor 55 to battery through re 
sistance 403, in shunt with the winding of relay F(4) 
causing relay F(4) to release, disconnect the key-set from 
the cord circuit and extinguish lamp KF(4). 
The left winding of repeating coil 302 is connected as 

previously traced to the multifrequency receiving cir 
cuit 2809 at the service observing position. In this cir 
cuit the reception of the various frequencies causes the 
grounding of certain output conductors as indicated by 
the following table: 

Digit Frequencies (cycles) Conductors Grounded 

1,300 2824 
1,500 2827 
700 2820 
900 2821 
700 2320 

1, 100 2822 
900 282 

1, 100 2822 
700 2820 

1,300 2824 
900 282 

1,300 2824. 
1, 100 2322 
1,300 2824 
700 2820 

1,500 2827 
900 2S21 

1,500 2827 
l, 100 2822 
1,500 2827 
i, 100 2822 
1,700 2830 
1,500 2827 
1,700 2830 

In addition, as each pulse is received, ground is con 
nected to conductor 2831 and, if the pulse is made up of 
two frequencies, ground is connected to conductor 2832. 
As above described the first pulse transmitted is a KP 

signal. As shown in the above table this signal causes 
the grounding of conductors 2822 and 2830. Ground on 
conductor 283 completes a circuit over contact 4 of re 
lay FKP(26) to battery through the winding of relay 
SYNC26). Relay SYN(26) operates and connects ground 
to conductors 2650, 2609, 2619 and 2611 providing hold 
ing circuits for relays OD (26), OD (26), KP(7) and 
PC(25). Ground on conductor 2832 normally completes 
a circuit over contact 3 of relay 2A(26) to battery 
through the winding of relay RA (26). However, ground 
on conductor 2830 operates relay TEN (26) which in 
turn operates relay 10A(26) so that the circuit of relay 
RA(26) is opened before that relay can operate. With 
relay 10A(26) operated, ground on conductor 2822 com 
pletes a circuit over contact 4 of relay (A(26), con 
ductor 2612, contact 2 of relay KP (27), contact 2 and 
winding of relay KP (27) to battery. Relay, KP (27) 
operates in this circuit and locks over its contact 3 to 
ground on conductor 2607. Ground on conductor 2822 
also completes a circuit over contact 4 of relay EV1(26), 
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conductor 2622, contact 7 of relay AS(29), conductor 
2922 to battery through the winding of relay A2(30) 
but, as soon as the KP signal is removed, this relay 
releases as wel as relays TEN (26), 16A(26) and 
SYN (26). 

With relay KP (27) operated, the operating circuit 
of relay KP(27) is opened and, when relay SYNC26) 
releases, the holding circuit of relay KP(27) and is also 
opened and that relay releases. 
With relay KP1(27) operated and relay KP(27) re 

leased, a circuit is closed from battery over contact 1 of 
relay MF(27), conductor 27i, contact 3 of relay 
KD (27), resistance 2717, contact 5 of relay KP (27), 
contact 7 of relay KP1(27), contact 7 of relay PK(27), 
conductor 274, contact 3 of relay MK(32), conductor 
326 to ground through lamp SR (25), lighting that lamp 
to indicate that a sender has been attached. 
The multifrequency pulse representing the first digit of 

the keyed designation comprises currents of 1100 cycles 
and 1500 cycles as above described. These frequencies 
are received by the multifrequency receiving circuit 2809 
which responds thereto to connect ground to conductors 
2822 and 2827. Conductor 2822 extends over contact 4 
of relay EV1(26), conductor 2622, contact 7 of relay 
AS(29), conductor 2922, winding of relay A2(30) to 
battery. Conductor 2827 extends over contact 2 of relay 
EV (26), conductor 2.627, contact 5 of relay AS(29), 
conductor 2927 to battery through the winding of relay 
A7(30). Relays A2 (30) and A7(30) operate in this 
circuit. With relays A2(30) and A7(30) operated, a 
circuit is closed from battery through resistance 3002, 
contact 2 of relay A7(30), contact 4 of relay A2(30), 
conductor 3019 through lamp 3029 to ground lighting 
lamp 3029 to indicate to the service observing operator 
that the first digit keyed was the digit 9. At the same 
time relays RA(26) and SYN(26) are operated as above 
described. With relay RA (26) operated, a circuit is 
closed from battery through the winding of relay BS (29), 
contact 2 of relay AS(29), conductor 290, contact of 
relay EV (26), contact of relay RA (26) to ground at 
contact of relay TEN (26). Relay BS (29) operates in 
this circuit and locks over its contact 4 and contact i0 
of relay CS(29) to ground on conductor 2600. With 
relay BS (29) operated a locking circuit is closed for re 
lays A2(30) and A7(30) over conductor 3001, resistance 
3085, conductor 3086, contact 1 of relay BS (29) to 
ground on conductor 2600. Relay BS (29) opens one 
locking circuit for relay AS(29) but that relay is held 
operated at this time over its contact 3, conductor 2902, 
contact 2 of relay EV (26) to ground on conductor 2603. 
As soon as relay BS (29) operates, a circuit is closed 

from battery through the winding of relay EV (26), con 
ductor 2513, contact of relay BS(29) to ground on con 
ductor 2685. Relay EV (26) extends its operating ground 
over its contacts 4 and 3 to the winding of relay EV (26) 
operating the latter relay. The operation of relay 
EV (26) opens the holding circuit for relay AS (29) and 
that relay releases. The release of relay AS(29) opens 
the operating circuit for relays OD (26) and OD1 (26) 
but these relays are held operated under the control of 
relay SYN (26). With both relays OD1 (26) and 
BV (26) operated, the output conductors of the multi 
frequency receiving circuit 2889 are disconnected from 
the register relays of Fig. 30. The release of relay 
AS(26) closes a supplementary connection between con 
ductors 3836 and 2688 to hold the register relays A2(30) 
and A7(30) operated. 
When the digit pulse ends, relays SYN(26) and 

RA (26) release, in turn releasing relays OD (26) arid 
??1(26) . ?? 

In response to the next digit pulse, the grounded code 
conductors are extended over contacts of relay OD1 (26) 
and contacts of relay BS(29) to relays B0(30) to 
B7(30). As described for the first digit, relays SYNC26) 
and RA (26) operate, relay RA (26) closing a circuit from 
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battery through the winding of relay CS(29), contact 
2 of relay BS(29), conductor 2904, contact 1 of relay 
ODA (26) contact of relay RA (26) to ground at the 
contact 1 of relay TEN(26). With relay CS(29) op 
erated, two operated register relays B0030) to B7(30) 
are locked and light the corresponding lamp. With relay 
CS(29) operated, relay OD (26) is operated followed by 
relay OD1(26). With relays OD (26) and CS(29) op 
erated relay BS (29) is released, followed by the release 
of relays EV (26) and EV (26) when relay SYN (26) 
releases. The circuit is now ready to receive the third 
digit pulse and the remaining digits are received and 
registered and the associated lamps lighted in a similar 
alc. 
When the start key at the cord operator's position is 

operated as previously described a pulse made up of the 
frequencies 1700 cycles and 1500 cycles is received. As 
described for the KP pulse the reception of the 1700-cycle 
frequency causes the operation of relay TEN (26) fol 
lowed by relay 10A(26) which prevents the operation 
of relay RA(26) and thereby prevents the operation of 
any additional steering relays. The 1500-cycle frequency 
causes the connection of ground to conductor 2827 to 
complete a circuit over contact of relay 0A (26) to 
battery through the winding of relay STC26). Relay 
ST(26) operates in this circuit and locks over its contact 
5 to ground on conductor 2564. With relay ST(26) 
operated, ground is connected over contacts 5 to 8 of 
relay PC(25), conductors 257 to 2520, contacts to 4 
of relay. ST(26) to the locking circuits of the steering 
relays and of relays OD (26) and EV (26) so that the 
operated steering relays and the operated one of the re 
lays OD(26) and EV (26) are held operated. Relay 
ST(26) closes a circuit from battery over contact i. of 
relay MF(27), conductor 2711, resistance 2651, con 
tact 9 of relay ST(26), conductor 2624 to ground through 
lamp ST(25) lighting that lamp as an indication that the 
designation has been completed by the transmission of 
the start signal. Relay ST(26) also opens the operating 
circuit of relay PC(25) causing that relay to release. 
Relay PC(25) restores the register control relays to nor 
mal, connects resistance 2554 across the left winding of 
repeating coil 2591 and disconnects that winding from 
the multifrequency receiving circuit 2809. 
When relay F(4) releases as above described the 

circuit of relay KA(6) is opened and that relay releases, 
disconnecting --130 volt battery from the signaling cir 
cuit and thereby releasing relay KA(27). The release 
of relay KA(27) removes the shunt from the winding of 
relay KD (27) and the latter relay operates. 
KD (27), in operating, opens the circuit of lamp 
KON (25) to indicate that the key-set has been discon 
nected. 

Having observed the response of the cord operator 
and checked that the correct designation has been keyed, 
the service observing operator will now usually release 
her position to make it available to serve other calls. 
For this purpose she will operate key RLS (35). The 
operation of key RLS(35) closes a circuit from ground 
at contact 4 of relay PB(35), contact of key RLSC35) 
to battery through the winding of relay R(35). Relay 
R(35) operates and locks over its contact 2 to ground at 
contact 4 of relay PB (35). Relay R(35) will also be 
operated if the operator vacates her position without 
operating key RLS (35). In the latter case the removal 
of the headset releases relay OPR(35) which closes a 
circuit from ground over its contact i, contact 3 of relay 
PB(35) to battery through the winding of relay R2(35). 
When relay BC(35) operated, as previously described, a 
circuit was closed from ground over contact S of relay 
BC(35), contact of relay R2(35) to battery through 
the winding of relay R3 (35) operating the latter relay. 
Therefore, when relay R2(35) operates, it closes a circuit 
from ground over its contact 2 and the contact of relay 
R3(35) to battery through the winding of relay R(35). 

Relay 
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Relay R(35), when operated, closes a circuit from 

battery through the winding of relay. R(35), conductor 
3516, contact 7 of relay SH (32), conductor 3205, con 
tact 1 of relay R(35), conductor 3517 to ground at 
contact of relay TMR (32). Relay R2(35) also opens 
the circuit of relay R3 (35) causing that relay to release 
slowly and open the operating circuit for relay R(35). 

Relay R1(35) disconnects battery and ground from 
conductors 3507 and 2206 thereby permitting relay 
LOB (22) to release. Battery is maintained on conductor 
3567 over contact 3 of relay TD2(35) so that relay 
LO1B (22) is held operated. The release of relay 
LOB (22) opens the rear and front observing circuits but 
the signaling circuit is maintained by relay LOB (22). 
Relay R1 (35) also reverses the connection of battery and 
ground to the signaling circuit. 
The opening of the front and rear observing circuits 

permits relays RC(28), FC(28), RPU(28) and FPU(28) 
to release, extinguishing lamps RPU(27) and FPU(27). 
The release of relay FPU(28) opens the circuit of relay 
HG (26) and that relay releases, in turn releasing relays 
KC(25), KD (27), KP (27) and ST(26) as well as the 
digit register relays, the latter relays extinguishing their 
associated lamps. 
The reversal of the connection of battery and ground 

to the signaling circuit causes the operation of polarized 
relay PB(6). Relay ST(6) releases momentarily but 
immediately reoperates and relay STI (6) is slow to re 
lease so that it will remain operated. With relay PB(6) 
operated the locking circuit for relay TM2(7) is opened 
and that relay releases after an interval determined by its 
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slow-to-release character. The release of relay TM2(7) 
disconnects ground from conductor 41 causing relay 
A (11) to release, in turn releasing relay C (11) and 
disconnecting the service observing circuit and trunk 
from the cord circuit. The disconnection of the cord cir 
cuit causes relays RP(9) and FP(9) to release, in turn 
releasing relays RP1 (9) and FPi(9). The release of 
relay A1 (11) releases relay TC(6) which in turn re 
leases relays CA(7), LB (6) and TC1(6). With relay 
TC(6) released, the operating circuits of relays TM1(7) 
and CT (6) are reciosed and these relays reoperate. With 
relay LB (6) released, the resistances 601 and 600 and 
the high resistance upper winding of relay ST(6) are 
again included in the signaling circuit thereby causing 
relay HB (27) to release. 

Relay HB (27) in releasing releases relay INT(35) 
which in turn releases relays TED(35) and TD2(35). 
With relay TD2(35) released, relay LO1B (22) releases 
extinguishing lamp 2246 and releases relay MCD (27) to 
remove the class mark. The position circuit is now 
ready to bid for another call. Relay LOSB (22) discon 
nects the signaling circuit from relays HB(27) and 
KA (27) and reconnects with battery and ground in the 
original direction at contacts of the group busy relay 
GB (22). The restoration of the battery and ground 
connection permits relay PB(6) to release and, when 
relay TCC6) is released, to reoperate relays CO1(6) 
and CO2(6) to prepare the service observing circuit for 
a new call. 
At the Service observing position for a normal call 

using direct-current code pulses, trunk lamp 2216 is 
lighted to indicate an incoming call followed by rear 
plug-up lamp RU(27). The service observing operator 
may then hear the wanted number passed to the toll op 
erator after which front plug-up lamp FPU(27) lights 
followed by lamps KON (27), SDR (27) and the digit 
lamps of Fig. 30. Assuming a start signal is sent, lanp 
ST(27) lights after which lamps KON(27) and SDR(27) 
are extinguished. Lamps FSV (27), RSy(27), FR(27) 
and RR(27) may or may not be lighted. For a normal 
call using multifrequency code pulses lamp FSV (27) 
should light before any digit lamps light. The digit lamps 
and lamp ST(27), if lighted, remain lighted until the op 
erator releases, 
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Multifrequency trunk 
In the foregoing description it was assumed that the 

outgoing trunk was one requiring direct-current code 
pulses. If the designation received by the cord operator 
is one of an office requiring multifrequency code pulses 
and the operator plugs into the jack of a trunk leading to 
Such office, that trunk holds ground connected to the ring 
conductor as previously mentioned so that relay D(5) 
remains operated. Therefore, when relay g (5) finally 
releases, a circuit is closed from ground at contact of 
relay F(4), conductor 494, contact of relay D(5) can 
tact of relay Di(5), conductor 516 to battery through the 
winding of relay MF(4). Relay MF(4) operates and 
locks over its contact 3 to ground at contact 43 of relay 
F(4). With relay MF(4) operated, the tip of plug 2005 
is connected over conductor 1952, contact 3 of relay 
TK(10), conductor 1912, contact 7 of relay F(4), cor 
tact 5 of relay MF(4), conductor 4ii to the left winding 
of repeating coil 5, 7, while the ring of plug (365 is con 
nected over conductor 6: G, contact 2 of relay TK(10), 
conductor 406, contact 9 of relay F(4), contact ?5 of relay 
MF(4), conductor 412 to the other side of the left wind 
ing of repeating coil 57. Relay MF(4) at contact 7 
also opens the circuit of relay D(5) causing that relay to 
release. 
When the sender is attached at the distant office, the 

resistance connected to the sleeve of the trunk jack is 
reduced and certain relays in the position circuit operate, 
connecting ground to conductor 413 completing a circuit 
over contact 2 of relay F(4), contact 8 of relay MF(4), 
conductor 414, contact 4 of relay KP(5) to battery 
through the winding of relay KPA (5) which operates. 
With relay KP (5) cperated the right winding of coil 
517 is connected over contacts 2 and 5 of relay KP (5) 
to conductors 536 and 522 which are connected to sources 
of 1700-cycle and 1100-cycle current, respectively, in the 
multifrequency supply circuit Si3 vhich maybe the saime 
circuit as source 289. These currents constitute the 
preliminary or KP signal to the distant sender. 
With relay MF(4) operated, relay SA(5) cannot op 

erate and therefore relays SAi(5) and SA(3) are not 
operated at this time. The front service observing circuit 
therefore extends as previously traced to conductors A2; 
and 1122 which are connected over contacts 6 and 3 of 
relay SA(3) and contacts 4 and 6 cf relay PK (3) to con 
ductors 300 and 30 and thence to the service observing 
position. Relay KPi(5) opens the locking circuit of 
relay KP(5) and that relay releases slowly and, in turn, 
releases relay KP (5) to terminate the KP signal. With 
relays KP(5) and KP; (5) released, a circuit is closed 
from ground at contact 2 of relay F(4), conductor 502, 
contact of relay KD(5), conductor 529, contact of 
relay MF(4), conductor 45, contact 3 of relay KP(5), 
contact 3 of relay KP1(5), conductor 532 to battery 
through the windings of relays MF5(5) and MF2(5) in 
parallel and froan conductor 532 over contacts, 2 and 3 
of jack ií82 and plug 110A, contact 8 of relay C3 (11), 
conductor 24, contact 6 of relay KA(6), conductor 66 
to battery through the winding of relay MF (3). Relays 
MF1(5), MF2(5) and relay MF (3) operate in this cir 
cuit. Relay MF (3) disconnects the windings of relays 
SA(3) and PK(3) from the key-set circuit to prevent their 
operation during multifrequency pulsing. With relays 
MF1(5) and MF2(5) operated and relay KIPi (5) re 
leased the right winding of repeating coil 57 is con 
nected over contacts i and 6 of relay KP1 (5) and con 
tacts E2 and i4 of relay MF; (5) to one side of each con 
tact of key-set 56. The other sides of these contacts 
are connected, according to the multifrequency code, over 
contacts of relays MFi (5) and MF2(5) to the various 
frequencies as supplied by source 58. Therefore as each 
key is operated the proper frequencies are transimitted, 
both to the trunk and to the service observing position. 
Relay ST(5), which may be operated to indicate the 
termination of the designation as previously described, 
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connects the right winding of repeating coil 57 over its 
contacts 1 and 5 to conductors 539 and 527 thereby caus 
ing the transmission of a pulse of 1700-cycle and 1500 
cycle current. - 
With relay MF2(5) operated, a circuit is closed from 

battery through the winding of relay SA1(5), conductor 
53, contact of relay MF2(5), conductor 519, contact 

of relay KD(5), conductor 592 to ground at contact 
of relay F(4) operating relay SAi(5). It will be noted 
that at the time relay SAA (5) is operated, relay MF (3) 
has already been operated so that relay SA(3) cannot op 
erate in response to the operation of relay SA (5). 
Relay SAS (5) connects battery to the windings of relay 
P(5) as before. When relay ST (5) operates it closes a 
circuit from battery through resistance lamp 507, contact 
8 of relay SA (5) to resistance 585 and thence over con 
tact 13 of relay MF2 (5), contact 4 of relay ST(5), con 
tact 9 of relay SA; (5), contact 3 of relay KD(5) to the 
upper winding of relay P(5). A second circuit extends 
as above traced from battery to resistance 505 and thence 
over contact 2 of relay ST(5) to the middle winding of 
relay P(5). Relay SA (5) is connected in parallel with 
the upper winding of relay P(5) and therefore relay P(5) 
does not receive sufficient current to operate until relay 
SA(5) has operated and opened the paralel connection. 
When relay P(5) operates, it closes an obvious circuit for 
relay KED(5) which operates and locks. When key ST(5) 
is released, relay Si (5) releases, terminating the start 
signal and opening the circuits of relay P(5). Relay P(5) 
releases and shunts down relay F(4) to disconnect the 
key-set from the cord as previously described. 

Supervisory signals 

As was previously described, the sleeve of plug 1001 
was connected to the left grid of tube G5 (9) while the 
sleeve of plug 685 was connected to the left grid of tube 
G3(9). These tubes constitute high impedance monitor 
ing devices for detecting Supervisory signals on the front 
cord and rear cord sieeve circuits. Referring first to tube 
GS (9), the potential applied to the right grid of this tube 
is such that when plug 635 is not plugged in or if it is 
plugged into a trunk circuit jack having a high resistance, 
indicating an off-hook condition, the voltage appearing 
on ühe left grid of tube G3 (9) umbalances the tube in a 
direction to cause relay FSV (9) to hoid its contact open. 
When the resistance in the sleeve circuit of the trunk is 
reduced to give an on-hook indication, as for example, 
when the Sender was attached in the case of the multi 
frequency trunk as previously described, the tube circuit 
is unbalanced in the opposite direction and relay FSV (9) 
closes its contact. With relay FSV (9) operated, a shunt 
is closed around resistances 969 and 9 ié) which are in 
cluded in the front Supervisory circuit thereby increasing 
the current flow in this circuit and causing marginal relay 
FM (28) to operate. Reiay FM (28) connects ground 
over conductor 233 and contact 9 of relay MCD (27) to 
battery through lamp FSV (27) causing that lamp to light 
as a front Supervisory signal. if the service observing 
position and service observing trunk are not previously 
disconnected from the cord circuit, the reply by the called 
subscriber causes a return of the trunk circuit to the off 
hook condition thereby releasing relays FSV (9) and 
FM (28) and extinguishing amp FSV (27). 

Since the incoming trunk is normally in the off-hook 
condition at the time that the cord circuit is collected 
therewith relay RSV (9) usually operates only in response 
to the abandonment of a call. If relay RSV (9) does 
operate, it closes a shunt around resistances 923 and 924 
which are included in the rear supervisory circuit caus 
ing marginal relay. RM (28) to operate and ground con 
ductor 2814 to light lamp RSV(27). 
Whenever the toil operator operates a ringing key, for 

example, key RING FO10), to signal the called subscriber, 
relay R(10) is operated, to extend the tip and ring coil 
ductors of the cord circuit to the position circuit, where 
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certain relays are operated to connect - 48 volt battery 
to conductor 1915 and over contact 4 of relay R(10) to 
conductor 10ii and the tip of plug 1005. Conductor 
101 is extended as previously traced to resistance 918 
and the grid of tube G7 (9). The negative potential on 
conductor 01 unbalances tube G7 (9) so that relay 
FR(9) operates, in turn operating relay FR1 (9). Relay 
FR1 (9) at its contact connects -- 130 volt battery to the 
front observing circuit at a point between resistances 909 
and 910 and thence in simplex to the service observing 
position where differential relay FR(28) is operated. Re 
lay FR(28) closes a circuit from ground over contact 6 
of relay CA(28), contact 6 of relay CA1 (28), contact 
of relay FR(28), conductor 2315, contact 7 of relay 
MCD (27) to battery through lamp FR(27) which lights. 
When the ringing key is released tube G7 (9) restores, 
and relays FRS (9) and FR(28) release, extinguishing 
lamp FR(27). - 
Tube G10 (9) and relays RR(9), RR1 (9) and RR(28) 

function in a similar manner to light lamp RR(27) if the 
operator, for any reason, rings-out over the rear plug. 

In certain offices the switchboard positions may be 
arranged in two separate lines and for such offices the 
service observing circuits associated with one line will be 
like that shown in detail in Fig. 11. For the second line 
of switchboards the A relay is provided with an additional 
armature which is connected to conductor 125 and its 
contact to an interrupter circuit as shown by relay A2(11). 
Conductor i25 extends over contact 2 of relay CA(7) 
to the winding of relay INT (7). Therefore when relay 
CA(7) operates, relay INT(7) is operated intermittently, 
in turn opening and closing the circuit of relay LB (6). 
Relay LB (6) therefore intermittently opens and closes 
the shunt around the upper winding of relay ST(6) and 
resistances 600 and 69 causing relays HB (27) and 
BNT(35) to operate and release and lamp 226 to flash. 
When relay NT(35) operates it closes an obvious circuit 
for relay TD (35) which operates and holds relay 
TD2(35) operated to place the circuit of lamp 226 under 
the control of relay INT (35). 

Irregularities 
There are a number of irregularities which may occur 

during the setting up of a designation. Due to circuit 
difficulties a false second KP signal may be sent out or a 
pulse of more than two frequencies may be sent out. The 
operator may also make an error in keying a number or 
may receive a reorder signal requiring that the front cord 
be retinoved from a jack; she may start to operate her 
key-set before receiving an indication that a sender has 
been attached; she may key more than a maximum com 
plement of digits. In case a false second KP signal is 
received, ground will be connected by the multifrequency 
receiving circuit 28:39 to conductors 2831, 2832, 2822 
and 2830 as for the original KP signal thereby operating 
relays SYN(26), TEN (26) and 10A(26) as previously 
described. Relay (A(26) prevents the operation of 
relay RA (26) So that no steering relay can be operated. 
Since the first KP signal caused the operation of relay 
KPi (27) and the release of relay KP (27), ground on 
conductor 2.322 completes a circuit over contact 4 of relay 
16A (26), conductor 2612, contact 1 of relay KP (27), 
conductor 272 to battery through the winding of relay 
FKP (26). Relay FKP (26) operates in this circuit and 
locks over its contact 2 to ground on conductor 2683. 
At its contact 4 relay FKP (26) opens the operating cir 
cuit of relay SYN (26) preventing the operation of that 
relay. At its contact relay FKP (26) opens a circuit 
which disables the multifrequency receiving circuit caus 
ing it to reiease and release relays TEN (26) and 10A (26) 
and preventing its operation in response to additional 
digits. Relay FKP (26) also closes a circuit from battery 
at contact of relay MF(27), conductor 2711 through 
resistance 2615, contact 3 of relay FKP(26), conductor 
26i6 through lamp FKIP(25) to ground. Lamp FKP (25) 
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lights to indicate to the service observing operator that a 
false KP signal has been received. 

If one of the pulses received by the multifrequency re 
ceiving circuit 2809 contains three or more frequencies, 
three of the output conductors 2828 to 2827 will be 
grounded, three relays of the corresponding register will 
be operated and the steering circuit will advance in the 
regular way. For example, assume that relays A0(30), 
A2(30) and A7(30) are operated. Under this condition 
a circuit will be closed from battery through resistance 
3892, contact 2 of relay A7(30), contact 4 of relay A2(30), 
conductor 309 to ground through lamp 3029. A second 
circuit will be closed from battery through resistance 3003, 
contact 2 of relay A2(30), contact 4 of relay A0(30), 
conductor 3012 to ground through the No. 2 lamp. A 
third circuit will be closed from battery through resistance 
3034, contact 2 of relay A8(30), contact 4 of relay 
A7(30), conducter 3017 to ground through the No. 7 
iamp. With these three lanp circuits closed in parallel 
in this fashion, the current is insufficient to light any one 
of the lamps. In addition, the multifrequency receiver 
2889 is designed to connect ground to conductor 2835, 
whenever a pulse comprising more than two frequencies 
is received. Ground on conductor 2325 operates relay 
FF (26) which locks over its contact 2 to ground on con 
ductor 263 and connects battery from conductor 2711. 
through resistance 267 to conductor 26.8 and through 
lamp FF (25) to ground. Lamp FF (25) lights to inform 
the service observing operator that a false frequency has 
been received. 

If the operator makes an error in keying a number or 
she receives a reorder signal she may remove the front 
plug from the trunk jack before or immediately after she 
has completed setting up the designation. The withdrawal 
of plug 1965 will cause the immediate release of relay 
F(4) and relay F(4) in releasing restores the key-set cir 
cuit to normal. The withdrawal of plug i905 from jack 
1966 also causes relays FP(9), FPi (9) and FSV (9) to re 
lease, in turn releasing relay KA(25) and relay FC (28) 
at the service observing position. With relay KA(27) re 
leased the shunt is removed from the winding of relay 
KD(27) and that relay operates opening the circuit for 
lamp KON (25). Relay FC (28) opens the circuit of 
relay FPU(28) and the latter relay releases slowly, in 
turn releasing relay HG (26) which removes ground from 
the locking circuit of relay KC(25) and various other 
relays. Relay KC(25) releases, in turn releasing relay 
KD (27) whereupon the circuit is in condition to receive a 
new front plug-up signal. 

If the operator should depress any of the numerical 
keys before the distant sender is ready to receive pulses 
as indicated by the operation of relay SAi(5) and the 
lighting of lamp 566, the depression of any key will close 
a circuit for relay KD(5) over contact of relay SA (5). 
Relay KD(5) operates and locks in a circuit from battery 
through its winding, conductor 531, normal contacts of 
the front and rear keys of Fig. 4, conductor 416, con 
tact 2 of relay KD(5), conductor 592 to ground at con 
tact 11 of relay F(5). Relay KD(5) closes a circuit from 
interrupted ground on conductor 533 over its contact 5 
and contact 4 of relay SA(5) to battery through lamp 
506 causing that lamp to flash. With relay KD(5) op 
erated the circuit for relay SA1(5) is opened and that 
relay cannot operate to prepare the key-set circuit for puls 
ing. To restore the circuit to puising condition either the 
front or rear key of Fig. 4 may be operated momentarily 
to open the locking circuit of relay KD(5). With relay 
KD(5) released, lamp 506 is extinguished and the operat 
ing circuit of relay SA (5) is restored so that the latter 
relay may operate if the sender is now ready for pulsing. 
At the service observing position the receipt of the digit 

will cause the multifrequency receiving circuit 2889 to 
operate and ground the corresponding conductors, in addi 
tion grounding conductors 2832 and 2831 to operate relays 
RA(26) and SYN (26). Relay RA (26) will operata 
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relay BS(29) in the usual manner. However with relay 
KP(27) operated and relay KPi(27) normal, since no 
KP signal has been received, a circuit is closed from 
ground over contact 4 of relay RA (26), conductor 2642, 
contact 3 of relay PKL (27), contact of relay KP1(27) 
to battery through the winding of relay PK(27). Relay 
PK(27) operates the locks over its contact 2 to ground on 
conductor 2666. At its contact 5 relay PK (27) con 
nects interrupted ground to the windirig of relay Fil (27). 
Relay FL(27) therefore operates intermittently to close a 
circuit from battery over contact of relay MF(27), con 
ductor 27 through resistance 265, condiuictor 27 i3, 
contact of relay FL (27), contacts 5 and 3 of relay 
PK(27), conductor 3286 to ground through lamp 
SDR(25) causing that lamp to flash. Relay PK(27) also 
opens one of the holding circuits for relay PC(25) and 
when the digit signal is over, the release of relay SYN (26) 
opens the remaining holding circuit for relay PC(25). 
Therefore relay PC (25) releases, disconnecting the multi 
frequency receiving circuit 2309 from the front observing 
circuit thus preventing the registration of any more digits. 
Relay PC(25) also opens a circuit to disable the multi 
frequency receiving circuit. 

This preliminary keying feature is canceled if the cord 
operator has not inserted the rear plug 1985 in a jack prior 
to plugging the front cord i865 in a jack. Under this 
condition when relay FPU(28) operates a circuit is closed 
from ground at contact 5 of relay MK(32), conductor 
3204, contact 2 of relay FPU(28), contact of relay 
RPU(28), conductor 2856 to battery through the winding 
of relay PKL(27). Relay PKL(27) operates and locks 
over its contact to conductor 282 independent of the 
contact of relay RPU(28). At its contact 3 relay 
PKL(27) opens the operating circuit of relay PK(27) and 
closes a circuit for operating relay KP (27) over contact 2 
of relay PKL(27), conductor 2642 to ground at contact 
4 of relay RA (26) so that relay KPI (27) operates in re 
sponse to the first signal whether it is the KP signal or a 
digit signal. 

If the operator keys a full set of digits relay RX(29) 
is operated during the reception of the last digit in a 
manner similar to the operation of the other steering 
relays, in turn operating relay OE) (26). If, under this 
condition, the operator falsely keys an additional digit, 
relays SYN (26) and RA (26) are operated as previously 
described. With any one of the conductors 2826, 2821, 
2822 or 2824 grounded by the multifrequency receiving 
circuit, for example conductor 2320, a circuit will be 
closed from ground on conductor 2828, contact 6 of relay 
EV1(26), conductor 2629, contact 7 of relay RX(29), 
conductor 2963, contact 2 of relay RA (26) to battery 
through the winding of relay OE (26). Relay OE (26) 
operates and locks over its contact 1 to ground on con 
ductor 2603 and connects battery on conductor 271 
through resistance 269, contact 2 of relay OE (26), con 
ductor 2640 to ground through lamp RX(25) which lights 
to indicate that the operator had keyed an extra digit. 

Concentration of observations 
The cord circuit observing trunk is normally connected 

with about fifty service observing circuits and their asso 
ciated cord circuits. In order to permit observations to 
become concentrated on less than the full number of 
cord circuits, means is provided for rendering only a por 
tion of the service observing circuits effective to seize the 
service observing trunk circuit. This is accomplished 
by arranging for the Selective operation of relays GC1(6), 
GC2(6), etc. If the service observing trunk is associated 
with fifty service observing circuits there will be two CO 
relays as shown, each CO relay controlling the operating 
circuits for five GC relays and each GC relay controlling 
the operating circuits for five relays like relay A (11). 
Therefore the service observing circuits to be rendered 
effective will be handled in groups of five. The selection 
of the groups is determined by cross-connections at rack 
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700. It will be observed that terminal i on rack 709 is 
grounded over a back contact of relay AG (7); terminal 2 
is grounded over back contacts of relays BG (7) and 
AG (7) in series; terminal 3 is grounded over a back con 
tact of relay BG (7); terminal 4 is grounded directly. 
The operating circuits for the GC relays are extended to 
the left terminals of rack 766 and are cross-connected to 
terminals 1, 2, 3 and 4 as desired. Either relay AG (7) 
or relay BG (7) can be operated from the service observ 
ing position as will be described hereinafter but they can 
not be operated simultaneously. The service observing 
circuits may be regarded as arranged in four groups A, 
B, C and D. Group D will include circuits controlled 
by those GC relays cross-connected to terminal 4 and 
will always be effective. Group B will include circuits 
controlled by those GC relays cross-connected to terminal 
3 and will be rendered ineffective if relay BG (7) is oper 
ated. Group C will include circuits controlled by those 
GC relays cross-connected to terminal 2 and will be in 
effective if either relay AG (7) or BG (7) is operated. 
Group A wili include circuits controlled by those GC 
relays cross-connected to terminal and will be ineffective 
if relay AG (7) is operated. 
To control the operation of relays AG (7) and BG (7), 

when the cord service observing trunk circuit is idle the 
out-of-service key CSK(22) will be operated, closing an 
obvious circuit for the out-of-service relay OS (22). With 
relay OS (22) operated the signaling circuit is opened at 
contacts 4 and 5 of relay OS (22). The front observing 
circuit conductors 22:5) and 22 and the rear observing 
circuit conductors 2212 and 223 are extended to con 
tacts of key SW (22). 

With the signaling circuit opened, relay ST(6) is re 
leased as well as relays ST (6) and ST2(7). With relay 
ST2(7) released conductor 22; ) is extended as previously 
traced to conductor 8; and over contact 7 of relay 
ST2(7) to battery through resistance 73; conductor 2211 
extends through the winding of relay FCA (8), conductor 
75, contact 5 of relay ST2(7) to ground; conductor 
2252 extends to conductor 893 and over contact 1 of 
relay ST2(7) to battery through resistance 718; conduc 
tor 22.13 extends through the lower winding of relay 
RCA (8), conductor 797, contact 9 of relay ST2(7) to 
ground. Key SW (22) is a three-position key being nor 
mally in its central position where both contacts are 
opened. If key SW (22) is moved to the left, conductors 
2258 and 221 are connected together completing an 
operating circuit for relay FCA (8). Relay FCA (8) 
operates and connects ground over its contact, conductor 
856, contact 3 of relay ST2(7) to battery through the 
winding of relay AG (7). Relay AG (7) operates in this 
circuit. Having operated key SW (22) the out-of-service 
key OSK(22) is restored, releasing relay OS (22) and 
reclosing the signaling circuit. Relay ST(6) operates 
as previously described, in turn operating relays ST1(6) 
and ST2(7). Relay AG (7) is slow to release and re 
mains operated until relay ST(6) completes a locking 
circuit for relay AG (7) which extends over contact 3 of 
relay AG (7), contact 2 of relay BG (7), conductor 719 
to ground at contact 3 of relay STA(6). 

If key SW (22) is operated to the right, conductors 
22:2 and 2213 are connected together completing a circuit 
for relay RCA (8) which operates, closing a circuit from 
ground over its contact, conductor 865, contact of relay 
ST2(7) to battery through the winding of relay BG (7). 
Relay BG (7) locks over a back contact of relay AG (7) 
to ground on conductor 719 when relay ST1(7) reoper 
ateS. 

All positions busy 

Whenever all occupied positions at the service observing 
desk are simultaneously busy and are therefore unable to 
accept any additional calls for observation, group busy 
relay GB (22) is operated as previously described, revers 
ing the connection of battery and ground to the signaling 
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circuit. This reversed battery causes the operation of 
relay PB(6) disconnecting ground from the operating cir 
cuits of relays CO1(6) and CO2(6) and from the locking 
circuit of relay TM2(7). Vith relays CO1(6) and 
CO2(6) released, relays GC (6), GC2C6), etc. cannot 
operate, none of the relays like relay B (11) can operate 
and none of the relays like relay A1 (11) can operate. 
Release and recycle of service observing trunk circuit 
Relay PB(6) when operated as previously described 

in response to release by the service observing opera 
tor, opens the locking circuit of relay TM2(7) which 
releases after an interval. Relay TM2(7) opens the 
locking circuit of relay A1(11) causing that relay to 
release, in turn releasing relay Ci(11). 
disconnects the cord and key-set circuit from the observ 
ing trunk, causing the tubes G7 (9), G1(9), G3 (9), 
G10 (9), G8(9) and G5 (9) to return to their normal 
condition, thereby releasing any of the relays FR(9), 
FR1(9), FP(9), FP1(9), FSV (9), RR(9), RR (9), 
RP(9), RP 1 (9) and RSV (9) which may have been 
operated. 
The release of relay A (11) releases relay TC(6) 

which in turn releases relays CA(7), LB (6) and TC(6) 
and reoperates relays TMi(7) and CT (6). 
CA (8) removes the shunt from the upper winding of 
relay RCA (8) restoring the rear observing circuit to 
its high resistance condition. The release of relay 
LB(6) removes the shunt around the high resistance 
winding of relay ST(6) restoring the signaling circuit 
to its normal high resistance condition. Relay TC (6), 
which releases slowly, prepares the circuits for relays 
CO(6) and CO2(6). 
When the service observing position has completed 

its release functions, battery and ground are restored 
to normal on the signaling circuit releasing relay PBC6), 
completing the operating circuits for relays CO(6) and 
CO2(6) which reoperate. It may be noted that relay 
ST(6) remains operated, in turn holding relays ST1(6), 
ST2(7) and HC(6) operated. If either relay, GB (7) or 
AG (7) is operated it is also held operated. 

Stale call timing 
it will be remembered that when the cord service 

observing trunk is in condition to receive a call, the 
relay, such as relay B(1i), is operated in each service 
observing circuit on which no call is in progress so 
that, when relay PU(11) operates, the associated relay 
A1(1) operates, in turn operating relay TC(6) which 
operates relay LB (6) to transmit a seizure signal to 
the service observing desk. Relay TC(6) also opens 
the circuit of relay TM1(7) to initiate the sequential 
release of relays TM (7) and TM2(7), both of which 
release slowly to measure a time interval. Normally 
the call will be accepted at the service observing posi 
tion and relay CA(7) operated within this time interval 
thereby closing a locking circuit for relay TM2(2) to 
prevent its release. However, if there is a sufficient 
delay in returning the call-accepted signal, relay TM1(6) 
in releasing opens the circuit of relay LB (6) to remove 
the seizure signal from the signaling circuit. If the 
call is not accepted before relay TM2(7) completely 
releases, the locking circuit for relay A1(11) is opened 
at contact of relay TM2(7) releasing relay A1(11) 
which in turn releases relay C1 (11), relay TC(6) and 
relay TC(6). When relay TC(6) is released, relays 
CT(6), TMI (7) and TM2(7) are reoperated. When 
relay TC (6) is released, relays CO1(6) and CO2(6) 
reoperate followed by relays GC1(6), GC2(6), etc. 
which close circuits for operating the relays like relay 
B(11) in all idle service observing circuits. Since relay 
PU(11) is held operated from the call which attempted 
to seize the service observing trunk, relay B(11) can 
not be operated mor can relay A1(11) be reoperated 
until the call in progress is terminated or abandoned. 
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Key-set-attached timing 

It will be remembered that following the plug-up of 
the front plug i005 a timing operation was initiated 
measured by the charging of condenser 708 and the 
operation of tube 73 and relay KT (7). If relay 
KT (7) operates before the cord operator operates her 
front key 402, the circuit of relay KA(6) is opened at 
contact í of relay KT(7) and no key-set-attached sig 
nal can be transmitted to the service observing position 
to prepare that circuit for receiving the designations. 
it may be noted however that under this condition and 
also if the operator key-pulses over the rear plug the 
signals sent out are audible to the service observing 
operator as tones or clicks. 

Speed of answer observing 
Recording completing trunks appear at a toll opera 

tor's position who completes toll calls, the details of 
which have already been received by some other opera 
tor. Therefore the chief point of interest from a service 
observing standpoint is the speed with which the toll 
operator responds to an incoming call on such a trunk. 
A typical recording completing trunk is shown in 

Fig. 12. When this trunk is seized at the distant office, 
battery and ground are connected to conductors 1200 
and 1282, completing a circuit over conductor 200 to 
the upper eft winding of repeating coil 1202, contact 

of relay O(12), upper and lower windings of relay 
L(12), lower left winding of repeating coil 1202 to 
conductor 1202. Relay L(12) operates in this circuit 
and closes its contact , completing an obvious circuit 
for relay RS (12). Relay RS (12) operates and connects 
battery over its contact, contact 4 of relay SC(12), con 
ductor 203 to ground through lamp LP (12). 
When the toll operator inserts a plug 207 in jack 

1263 of this trunk circuit, resistance battery on the 
sleeve of plug 207 completes a circuit over the sleeve 
of jack 268 through the upper winding of relay S(12) 
to ground. Relay S(12) operates and closes a circuit 
for relay SC(12) which also operates. Relay SC(12) 
closes a shunt around the lower winding of relay L(12) 
over contact 4 of relay Q(12) and contact of relay 
SC(12). It also connects condenser A(12) between 
the right windings of repeating coil 1202 to provide a 
talking circuit and at its contact 4 opens the circuit of 
lamp LP (12). The operator may then receive the 
details of the call and complete it to the wanted sub 
Scriber. 

If the calling subscriber flashes the switchhook, relay 
L(12) releases and reoperates intermittently connecting 
ground over its contact 2 to the lower winding of relay 
S(12) to reduce the resistance in the sleeve circuit and 
cause the cord supervisory lamp (not shown) to flash. 

For service observing purposes, the tip of jack 1208, 
the ring of jack 1208, the sleeve of jack 1293 and the 
lamp circuit are connected over conductors 204, 1205, 
i206 and 283 to a terminal rack 360 where they may 
be connected by means of a patching cord 1301 to jacks 
such as jacks 362 and 1303 associated with one of the 
service observing circuits of Fig. 13. These service ob 
Serving circuits are connected in multiple to the speed 
of answer observing trunk circuit shown in Figs. 14 and 
15. 
The speed of answer observing trunk circuit is con 

nected with the service observing position over two pairs 
of conductors, constituting two circuits, over one of 
which signals are transmitted between the Service trunk 
circuit and the service observing position, which may be 
called the signating circuit, and over the other of which 
the circuit under observation is connected to the posi 
tion, which may be called the observing circuit. At the 
service observing office the speed of answer service ob 
serving trunk appears in a series of distributing relays 
LOA (23), LOB (23), LCC(23) and the associated re 
lays LOAA(23), LOB (23) and LOC(23) in a man 



2,709,722 
33 

ner similar to the cord observing trunk previously de 
seribed. 

If one or more positions are available to observe on 
this type of circuit, relay G8 (23) will be released and 
a circuit will be closed from battery over contact 3 of 
relay GB(23), conductor 236A, resistance 2302, contacts 
1 of relays LOAC(23), LCAB (23) and LO1A(23) and 
of the intermediate relays, upper winding of relay L(23), 
contact 5 of relay OS(23), conductor 2383, upper Wind 
ing of relay PB (14), upper and lower windings of relay : 
ST(14), lower winding of relay PB (14), conductor 2364, 
contact 4 of relay OS(23), lower winding of relay (23), 
contacts 3 of relays LOil A(23), LOES(23), LOC(23) 
and of the intermediate relays, resistance 2305, conductor 
2306 to ground at contact 1 of relay GB(23). Relay 
ST(14) operates in this circuit, closing an obvious oper 
ating circuit for relay STi(14). The direction of cur 
rent flow in this circuit is such that polarized relay 
PB (14) cannot operate at this time. 

Relay ST (14) closes a circuit from ground over its 
contact 7, conductor i403, contact of relay TC(14) 
to battery through the winding of relay ABE (14). Relay 
AB3(4) makes a continuity test of one chain circuit 
extending through the service observing circuits of Fig. 13. 
Each of the individual service observing circuits has a 
seizing relay such as relays A8(13), A4 (13) and A99(13) 
the contacts of which are connected by a plurality of 
chain circuits. These chain circuits are given a con 
tinuity test each tine that the service observing trunk 
circuit is placed in Service. 

With relay ABE (14) operated, a circuit is closed from 
battery through resistance 46, contact 4 of relay 
AB (14), cordictor 449, contacts 9 of relays AG (13), 
A4(13), A99(13) and the intermediate relays, conductor 
;334, contact 3 of relay ABA (14), resistance i402 to 
ground through the winding of relay AB(14). If this 
chain circuit is continuous, relay AB (14) operates, clos 
ing a locking circuit for relay ABA (14) which may be 
traced from battery through the winding of relay 
AB (14), contact S of reiay ABi (14), contact , of relay 
AB (14), conductor i43 to ground at contact 7 of relay 
ST (14). 

Relay AB i4) closes a circuit which tests two other 
chain circuits. This circuit may be traced from battery 
through resistance lamp 365, contacts 4 of relays 
AC)(13) to A99 (13), conductor 396, contact of relay 
ST (14), contact 3 of relay ST3 (15), lower winding of 
relay ST2015), conductor 598, contacts 7 of relays 
A0 (13) to A939(13), conductor i438, contact 4 of relay 
AB(14) to ground. If these two chain circuits are con 
tinuous, relay ST2 (13) operates, locking in a circuit from 
battery through its upper winding and over its contact 4, 
conductor 433 to ground at contact 7 of relay ST (14). 
When relay STS (14) operates, it also closes a circuit 

from ground over contact of key 501, conductor 
1582, contact 2 of relay ST (14), conductor 1494, con 
tact 6 of relay Si3 (15) to battery through the heater coil 
of thermal relay P(15). If any one of the above-traced 
chain circuits is open, relay ST2(15) cannot operate 
and, after a time interval, relay P(15) closes its contact 
completing a circuit from ground on conductor 404 
over the contact of relay P(15) to battery through the 
winding of relay ST3 (15). Relay ST3 (15) operates 
and locks over its contact 5 to ground on conductor 
1494. With relay ST3 (15) operated, the operating cir 
cuit of rejay ST2(15) is opened and that relay cannot 
operate. With relay ST2015) non-operated, relay 
ST3 (15) connects ground over contacts 3 and 2 of key 
50, contacts 7 and 8 of relay ST3 (15) and contacts 
5 and 6 of relay ST2015) to an alarm circuit. Relay 
ST3(15) also closes a circuit from ground over its con 
tact 2 and contact 3 of relay ST2C15) to battery through 
lamp NC(15) which lights. Key 50, may be operated 
to silence the alarm and release relay ST3 (15), but lamp 
NC(15) remains lighted over contact 4 of key 1501. 
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Relay ST3(15) in operating opens the circuit of thernal 
relay P(15) permitting that relay to cool and release. 
Although relay ST3(15) is released by the operation of 
key 1563, relay P(15) does not reoperate since its cir 
cuit is opened at contact of key 5532. Keiays ST(4) 
and Si (14) remain operated and, if relay AB(14) 
is operated, relay AB1 (14) holds operated to ground 
or contact 7 of S (14). 

if relay S2 (15) operates to indicate that the various 
chain circuits are continuous, it connects ground over its 
contact f to conductor 1593 to close the heater circuits 
fer vacuum tubes TR(14) and S(15). At its contact 2. 
relay ST2(15) connects –48 voit battery through resist 
ance 1564 over conductor i535 to ground through resist 
ance 1506 establishing a voltage divider to provide the 
proper voltage on the cathodes and right grid of tube 
S(15). At its contact relay ST2015) connects ground 
over conductor 597, contact 2 of relay TC(14), con 
ductor 405 to battery through the winding of relay 
Tí (15} catasing the atter reay to operate. Relay 
TV (15) closes an obvious circuit for operating relay 
TM2(15). In addition, relay ST2015) closes circuits 
from ground over contacts 6 and 7 of relay TC(14), 
conductors 436 and 4.7, contacts 8 and 9 of relay 
S2(15), conductors 503 and 559, contacts 5 and 1 of 
relay CC(14), conductors i48 and 469 to battery 
through the windings of relays BT2(13) and BTi(13). 
Relays BTi(13) and BT2(13) operate and connect the 
sleeve of the lower jack of each service observing circuit 
to the upper winding of the associated B relay preparing 
the service observing circuits for operation. 

Relay TMi (15), when operated as above described, 
coinects ground over its contact 4 and conductor 150 
to the upper windings of relays A8(3) to A99(13). 
Relay TM2(15) at its contact 3 also connects ground 
to conductor i5:6). The sleeve of the lower jack of a 
service observing circuit is connected over the patching 
cord to the lamp of the associated trunk. For example, 
the sleeve of jack i383 is connected over cord 1391 and 
conductor E293 to lamp LP (12). Therefore, with relay 
BTi(13) operated, if the trunk is idle, ground is con 
nected through lamp LP (12) over conductor 1203, cord 
A38i, sleeve of jack 383, contact of relay BT (13) to 
ground through the upper winding of relay B6 (13). Simi 
lar circuits are closed for the other service observing 
trunks. 

If the trunk circuit of Fig. 12 had been busy when 
relay BT (13) was operated, battery connected over con 
ductor 283 to lamp LP (12) as previously described 
would be extended over the above-traced circuit to ground 
through the upper winding of relay B3(13) causing that 
relay to operate and lock through its two windings and 
contact 1 to battery on the sleeve of jack E303 when 
relay BTA (13) releases. At its contact 2 relay B0 (13) 
opens the circuit of relay A. (13) to prevent it from op 
erating. As long as relays BT (13) and BT2(13) re 
main operated the arrival of a call on one of the trunk 
circuits will cause the associated B relay to operate and 
lock until the call has been answered. 
Whether or not relay ST2(15) operates, thermal relay 

P(12) will carry out its timing function to operate relay 
ST3(15). However, if relay ST2(15) has been operated 
at the time that relay ST3 (15) operates no alarm is 
sounded but a circuit is closed from ground over the nor 
mally closed contact of relay PB (14), conductor 1410, 
contact of relay ST3 (15), contact of relay TC (15), 
conductor 5i, contacts of relays BT (13) and BT2(13), 
conductor 138 to battery through the winding of relay 
CC(14). Relay CC(14) operates and locks over its 
contact 3 and conductor 5 to ground as above traced. 
Relay CC(14) at its contacts 2 and 5 disconnects ground 
on conductors 1568 and 509 from relays BT (13) and 
BT2(13) causing these relays to release and extends 
ground on conductor 1568 over its contact 4 to conduc 
tor 143, windings of relays C1(13) and C2(13), con 
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tacts 4 of relays A99(13) to AG (13) to battery through 
lamp 1385. Relays CE, (13) and C2(13) operate, con 
necting ground to the lower windings of relays A0 (13) 
to A99(13). The lower windings of relays AC (13) to 
A99(13) are normally connected over a back contact of 
the associated ones of relays B3(13) to B99(13) to the 
sleeves of the corresponding service observing jacks. 
With a B relay operated the connection between the asso 
ciated A relay and the jack sleeve is opened. 
The speed of answer service observing trunk circuit is 

also equipped with means for reducing the number of 
circuits on which observations may be made. Relays 
AG (14) and BG (14) are operable from the position 
circuit as will be described hereinafter to control the con 
nection of ground to terminals 1454 to 47. Relays 
like relays Ci(13) and C2(13) are connected to termi 
nals 144 to 4f7 in accordance with the prearranged 
plan for reducing the number of circuits to be observed. 
With relays AG (14) and BG (14) normal, when relay 
CC(14) operates, ground on conductor 1569 is connected 
over contact 2 of relay CC(14), contact of relay 
AG (14) to terminal 417 and over contact 1 of relay 
AG (14) and contact 3 of relay BG (14) to terminal 
1416. Ground con conductor 1568 is conected over con 
tact 4 of relay CC(14) directly to terminal 414 and 
over contact 1 of relay BG (14) to terminal 415 so that 
all of the relays such as relays Ci(13) and C2 (13) will 
be operated. With relay AG (14) operated ground is 
removed from terminals 46 and 147 while with relay 
BG (14) operated ground is removed from terminals 415 & 
and 1416 preventing the operation of the C relays con 
nected to those terminals. 
Assume now that the trunk of Fig. 12 is seized 

at the distant end as previously described, relays L(12) 
and RS(12) operate, relay RS(12) connecting battery 
to conductor 1263 to light lamp LP(12). Battery on 
conductor 263 also extends over the cord 301 to the 
sleeve of jack 1303, contact 2 of relay B0 (13) through 
the lower winding of relay AC (13) to ground at a con 
tact of relay Ci (13). Relay AC (13) operates in this 
circuit and closes a locking circuit for itself from bat 
tery through resistance lamp 1365, contact 5 and upper 
winding of relay A6(13), conductor 510 to ground at 
contact 4 of relay TMI (15) and contact 3 of relay 
TM2(15) and opens the locking circuits for higher num 
bered relays such as relays A4(13) and A99 (13) so 
that, if simultaneous calls on other trunks cause the op 
eration of higher numbered A relays, these relays can 
not lock to the service observing trunk circuit. . Relay 
AG (13) extends the tip conductor 234, ring conductor 
1205 and sleeve conductor 1206 of the trunk over its 
contacts 1, 2 and 3 to contacts of relay CT (14). 
Relay A6(13) also opens the battery supplied to relays 
CE (13), C2(3), etc., opening the operating circuits for 
the other A relays so that calls which arrive later cannot 
operate the associated A relays. In addition, relay 
At (13) closes a circuit from ground at its contact 0, 
conductor 399 to battery through the winding of relay 
TC(14). Furthermore relay AC (13) at its contact 8 ex 
tends the operating circuit for relay AB (14) to the sleeve 
of jack 1303 and conductor 203 so that relay AB(14) 
is now held operated under the control of the lamp cir 
cuit. 

Relay TC(14) operates in the above-traced circuit 
and closes a shunt around the upper winding of relay 
ST(14) which may be traced from the junction of the 
two windings of relay STO14), conductor 1434, contact 
1 of relay TM1 (15), conductor 1532, contact 4 of relay 
TC(14) over contact 2 of relay TC2 (14) or over con 
tact 1 of relay iNT (14) to the other side of the upper 
winding of relay ST (14). The closure of this shunt 
circuit reduces the resistance in the signaling circuit there 
by operating relay L(23) as a seizure signal. 

In a manner similar to that described for the cord 
observing operation, the operation of relay L(23) con 
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nects ground to the windings of relays LOA (23), 
LOB (23), LOC(23) and to the corresponding relays of 
other operator positions. Asstiming that the intermedi 
ate position is bidding for a call in this class at this time, 
the circuit of relay LOB (23) will be extended over con 
tact 9 of relay LO2B (23), contact of relay SAB(23), 
conductor 2307, contact 3 of relay PN(35) to battery 
at the normally closed right contact of key 3585. Re 
lay LOB (23) operates and locks over its contact 4 and 
conductor 2206 to ground at contact 8 of relay Ri(35). 
At its contact 2 relay LOB (23) extends battery to the 
winding of relay. LOB (23) operating the latter relay 
which locks over its contact 6, conductor 22:29, contacts 
7 of relay LOB (22) and the intermediate trunk relays, 
conductor 3507 to battery at contact 7 of relay R(35). 
Relay LOSB (23), in operating, opens the operating cir 
cuit of relay LOB (23) but that relay is held operated in 
a circuit from ground on conductor 2206, contact 4, 
winding and contact 2 of relay LOB (23), contact 6 of 
relay LOiB (23) to battery as above traced on conduc 
tOr 38597. 

With relays LOB (23) and LOiB (23) operated, the 
signaling circuit is disconnected from the contacts of 
group busy relay GB (23) and is extended over contacts 
2 and 4 of relay LOB(23), conductors 2267 and 2208 
and thence as traced for the previous observation to 
battery and ground through the windings of polarized 
relay KA(27) and marginal relay HB(27). Relay 
HB(27) operates in this circuit and closes a circuit from 
ground over conductor 275 to battery through the 
winding of relay i NT (35) operating the atter relay. 
Relay INT(35) operates relay Ti) (35) to hold relay 
TD2(35) operated after relays PN (35) and TD (27) 
release. 

Relay LO1B (23) releases relay PN(35) and when re 
lay PN(35) is released ground is connected to conductor 
3511 and over contact 8 of relay LOB (23) to conductor 
2312 which is cross-connected to conductor 2521 and 
over that conductor to battery through the winding of 
relay MSA (27) in the same manner that conductor 2265 
is cross-connected to conductor 2589 and to the winding 

Relay MSA (27) connects ground 
to conductors 2701 and 3343 to operate the position busy 
relay PB(35) and the call-accepted relay CA(28). With 
relays LOB (23), PB (35) and INT(35) operated a cir 
cuit is closed for lighting trunk lamp 23ii. - 
With relay. CA(28) operated, the observing circuit 

is completed extending from battery over contact 2 of 
relay CA(28), contact 3 of relay CAi (28), lower wind 
ing of relay Rig (28), conductor 2807, upper right wind 
ing of repeating coil 2504, conductor 2565, contact 6 of 
relay LOB(23), contact 8 of reiay OS(23), conductor 
23E), upper right winding of repeating coil 1435, con 
tact 0 of relay STi (14), windings of relay CA (14), 

5 upper left winding of repeating coil 1435, conductor 
2369, contact of relay OS (23), contact 5 of relay 
LOB (23), conductor 2254, lower right winding of re 
peating coil 2504, conductor 2586, upper winding of 
relay RR(28), contact 2 of relay CA1(28) to ground 
at contact 1 of relay CA(28). 

Relay CA (14) operates in this circuit and closes a 
circuit from ground over its contact, contact 4 of relay 
ST(14), conductor 1437, contact 3 of relay TC(14), 
conductor 1436 to battery through the winding of relay 

Relay CA (15) operates and connects 
ground over its contact 4 to conductor i437 to provide a 
locking circuit for itself. Relay CAi(15) closes a lock 
ing circuit for relay TM2(15) which may be traced from 
battery through the winding of relay TM2(15), contact 
2 of relay TM2(15), contact of relay CAi (15), con 
tact of relay ST3 (i.5), conductor 1418 to ground at the 
contact of relay PB (14). Relay CAA (15) also connects 
ground to conductor 566 completing a circuit over con 
tact 6 of relay A69(13) to the winding of relay CTO (14). 
Relay CTO (14) extends the tip and ring conductors of 
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the trunk to the grids of tube TR(4) and coinects the 
sleeve conductor of the trunk to the left grid of tube 
S(15). Relay CA (15) also connects conductor 3512 
to conductor i434 over its contact 2 to maintain the 
shunt around the upper winding of relay ST(14). At its 
contact 5 relay CA (15) connects interrupted ground 
on conductor 1513 over conductor 514 to battery 
through the winding of relay INT (14). 

Relay TC(14) at its contact 2 opens the circuit of 
relay TM (15) which releases slowly and opens the 
operating circuit of relay TM2(15) which is also sigw to 
release. The release time of these relays measures at 
interval during which a call-accepted signal must be re 
ceived from the service observing position if it is to be 
effective. if relay TMi(i5) releases before relay 
CA1(15) operates the shunt around the upper winding 
of relay ST(14) is opened to terminate the seizure sig 
nal but relay TM (15) connects ground over its contact 
2 and contact of relay TM2(15) to conductor £50i 
to operate relay CTO (14) to avoid delay if the call 
accepted signal is received following the release of relay 
TM3 (15) but before relay TM2 (15) releases. if relay 
TM2(15) releases before the call-accepted signal is re 
ceived, ground is removed from conductors 1560 and 
1550 releasing relay CTO (14) and relay A3 (13) to pre 
pare the circuit to receive another caii. 

Relay TC(14) at its contact 5 connects ground to 
conductor 1458 operating relay TC1 (15) which opens 
the circuit of relay CC(14). Relay CC(14) releases 
but relays BT (13) and BT2(13) cannot reoperate since 
ground has been removed from their operating circuits 
at contacts 6 and 7 of relay TC(14). The release of 
relay CC(14) opens the holding circuits for any B 
relays which have been operated in the service observing 
circuits of Fig. 13, permitting such relays to release. 
When relay CA(28) operates as above described it 

releases relay CAE (28) to include relays RM (28) and 
RC(28) in the observing circuit and to operate relay 
SP(37) as previously described. Relay RC(28) operates 
and in turn operates relay RPU(28) but relay RPU(28) 
is ineffective for this class of call. 
Tube TR(14) to which the tip and ring conductors of 

the recording completing trunk are connected serves as a 
one-way transmission path between the incoming trunk 
and the service observing position where the left wind 
ings of repeating coil 2504 are extended by the opera 
tion of relay SP (37) to the service observing operator's 
headset. 
Tube S(15) is arranged in a balanced bridge circuit 

similar to tube PU (11). 
the trunk under observation grounded through the wind 
ing of relay S(12), the bridge circuit will be slightly 
unbalanced in a direction to cause the current flow 
through the winding of relay PU(15) to be such that the 
relay holds its contact closed. 
When now the toll operator inserts the plug 1207 of a 

cord at her position in the trunk jack 1208, battery 
connected to the sleeve of the cord plug will cause the 
potential on the left grid of tube S(15) to become more 
negative, reducing or cutting off the current flow through 
the left half of tube S(15) and reversing the direction 
of current flow through relay PU(15) so that relay 
PU(15) closes its contact 2. 
As previously described, the insertion of plug 1207 

in jack 288 operates relays S(12) and SC(12) thereby 
disconnecting battery from conductor 1293. With bat 
tery disconnected from conductor 1293, relay AB (14) 
releases followed by relay AB (14). Both of these 
relays are slow to release. When relay AB (14) releases, 
it closes a shunt around the upper winding of relay 
CA(14) which may be traced from conductor 1425 
connected to the left terminal of the upper winding of 
relay CA(14), contact 8 of relay ST (14), conductor 
1423, contact 3 of relay AB(14), conductor 1422, con 
tact 5 of relay PU(15) which has not yet operated, 

With the sleeve conductor of 
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conductor 1516 to the right terminal of the upper wind 
ing of relay CA(14). The closure of this shunt permits 
marginal relay RM (28) to operate completing a circuit 
from ground over the contact of relay RM (28), con 
ductor 284, contact 3 of relay MSA (27) through lamp 
RPU(27) to battery at contact 2 of relay TD1(27). 
Lamp RPU(27) lights and since the observing circuit is 
connected through to the observing operator's headset 
she can hear the toll operator challenge. 
When relay ABS (28) releases a short time later it 

cpens its own holding path and closes a substitute shunt 
around the upper winding of relay CA(14) from con 
ductor 1425, contact 8 of reiay ST (14), conductor 
1423, contact 2 of relay INT(14), contact 1 of relay 
AB1 (14), conductor 422, contact 5 of relay PU1(15) 
to conductor 56. With relay AB1 (14) released and 
relay PU(15) operated, a circuit is closed from ground 
over contact 5 of relay AB (14), conductor 1420, wind 
ing of relay PU1 ( 15), contact 3 of relay PU1(15), 

G contact 2 of relay PU(15), contact 7 of relay PU1 (15), 
conductor 1515, contact 6 of relay AB (14), conductor 
142i, contact 3 of relay TC(14) to battery. Relay 
U(15) operates in this circuit closing a locking circuit 

for itself from battery on conductor 421, contact 2 and 
winding of relay PU1(15) to ground on conductor 1420. 
With relay PU1(15) operated, the shunt around the 

upper winding of relay CA(14) extends from conductor 
1425 over contact 8 of relay ST1(14), conductor 1423, 
contact îi of relay PU1 (15), contact 2 of relay PU(15), 
contact 6 of relay PU:(15) to conductor 1516 so that 
the shunt and thereby the plug-up signal at the service 
observing desk are now directly under the control of 
relay PU(15). Should the toll operator Subsequently 
enove plug 1287 from jack 208 the potential on the 
left grid of tube S(15) will return to ground and relay 
PU(15) will open its contact 2 and close its contact i. 
The opening of contact 2 of relay PU (15) opens the 
shunt around the upper winding of relay CA(14) where 
upGn relay IRMÁ (28) releases extinguishing lamp 
RPU(27). 
The Service observing circuits of Fig. 13 and the 

Service observing trunk of Figs. 14 and 15 are arranged 
to transmit a distinctive signal to the service observing 
operator in the event the call is abandoned before the 

5 toll operator plugs into the trunk of Fig. 12. The 
abandonment of the call results in the release of relay 
L(12) followed by the release of relay RS(12) and the 
removal of battery from conductor 1203 to extinguish 
lamp LP (12). As previously described, after the call 
has been accepted, relay AB(14) is held by battery on 
conductor 263 while relay AB (14) is held under the 
control of relay AB (14). Therefore the abandonment 
of the call opens the circuit of relay AB (14) which re 
leases slowly so that it will not release as a result of 
flashing over the incoming trunk. Relay AB (14) in 
releasing functions as above to close a shunt around the 
tipper winding of relay CA(14) and cause the lighting of 
lamp RPU(27) at the observing position. When relay 
AB (14) releases a short time later the shunt previously 
traced by way of the contact of relay INT (14) is closed. 
Since relays PU (15) and PU1(15) have not been oper 
ated, a circuit is closed from ground through the winding 
of relay AB (14), resistance 1402, contact 2 of relay 
AB1 (14), conductor i424, contact 4 of relay PU1(15), 
contact of relay PU(15), contact 7 of relay PUs (15), 
conductor 1515. contact 6 of relay AB (14), conductor 
42i to battery over contact 3 of relay TC(14). Relay 
AB(14) operates in this circuit and opens the original 
shunt around the upper winding of relay CA(14) leav 
ing the shunt controlled by relay INT(14) so that this 
shunt is intermittently opened and closed to cause lamp 
RPU(27) to flash. With relay AB(14) operated, relay 
AB (14) is locked under the control of relay. ST1(14) 
and the flashing signal is locked in so that it cannot be 
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affected either by subsequent reseizure of the trunk or by 
the toll operator plugging into the trunk jack. 
The service observing operator observes the lighting 

of trunk lamp. 2311 and the elapsed time before the 
lighting of lamp RPU(27), making allowance for the 
constant delay of approximately .5 second introduced by 
the release of relay AB (14). Having heard the toll 
operator challenge, the observing operator will ordinarily 
immediately operate her release key which causes the 
same operations at the observing position which were 
described for the cord observing operation including the 
release of relay LOB(23). 
The operation of the release key reverses the connec 

tion of battery and ground to the signaling circuit in the 
manner previously described causing relay PB (14) to 
operate. With relay PB (14) operated, ground is dis 
connected from the locking circuit of relay TM2 (15) 
permitting that relay to release. Relay TM2(15), when 
released, opens the locking circuit of relay A6 (13) and 
the latter relay releases, disconnecting the recording com 
pleting trunk from the service observing circuit and releas 
ing relay PU(15). Relay A9 (13) opens the circuits of 
relays CTO (14) and TC(i.4) causing these relays to 
release. 
The release of relay PU(14) opens the shunt around the 

upper winding of relay CA(14) causing relay RM (28) to 
release and extinguish lamp RPU(27). Relay TC(14), 
in releasing, opens the shunt around the upper winding 
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of relay Si (14) causing relay HB (27) to release and in 
turn release relay INT(35), relay TD (35) and relay 
TD2 (35). The release of relay TD2(35) releases relay 
LOB (23) which opens the signaling circuit and transfers 
it again to the contacts of relay GB (23), thereby releasing 
relay PB(14). With relay PB(14) released, the speed 
of-answer service observing trunk is ready to receive an- : 
other call. Relay LOAB(23) also releases relay MSA(27) 
to remove the speed-of-answer class mark and to restore 
the position for another observation. 
Means is provided whereby the speed-of-answer service 

observing circuits may be divided into two groups, and 
the group, to which the call under observation belongs, 
identified to the observing operator. Calls in one group 
Wiii proceed as above described with the shunt around 
the upper winding of relay ST (14) maintained steadily. 
For calls in the other group, the winding of relay TC2(14) 
Will be connected to the conductor corresponding to con 
ductor 1369 in place of the winding of relay TC(14), the 
latter relay being operated over contact 1 of relay 
TC2(14). With relay iC2 (14) operated, the branch of 
the previously traced shunt around the upper winding of 5 
relay ST (14) extending over contact 2 of relay TC2 (14) 
is opened, leaving the shunt dependent upon contact 1 of 
relay INT (14). When relay CA (15) connects inter 
rupted ground to the winding of relay NT (14), the latter 
relay operates and releases intermittently, opening and ; 
closing the shunt around the upper winding of relay 
ST(14), in turn operating and releasing relay HB (27) 
which results in the intermittent operation of relay 
NT(35) to cause trunk lamp 23 it to flash. 
In order to operate relay AG (14) or relay BG (14) to 

reduce the number of service observing circuits on which 
observation may be made, key OSK(23) is operated when 
the speed-of-answer observing trunk is idle, operating 
relay OS (23). Relay OS (23) disconnects conductors 
2309 and 2356 of the observing circuit from the contacts 
of relays LOA(23), LOB(23), etc. and disconnects con 
ductors 2303 and 2304 from the windings, of relay L(23). 
Relay OS (23) connects conductor 23:39 over its contacts 
2 and 3 to resistance 233 and contact 2 of key SW (23). 
Relay CS(23) also connects conductor 230 over its con 
tacts 7 and 6 to the inner side of contacts and 2 of 
key SW (23). Since the service observing trunk circuit is 
idle, conductor 2309 extends through the upper left wind 
ing of repeating coil 1415, lower winding of relay CA(14), 
conductor 425, contact 9 of relay STi (14) to ground 
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through the winding of relay CB (14). Conductor 2310 
extends through the upper right winding of repeating coil 
435, contact 11 of relay ST (14), resistance 1426 to 

battery. If key SW(23) is moved to the right, con 
ductors 2309 and 2310 are connected together and mar 
ginal relay CA(14) and relay CB (14) both operate. Re 
lay CA(14) at its contact closes a circuit over contact 6 
of relay ST (14) through the upper winding of relay 
AG (14) to battery. Relay AG (14) operates and pre 
pares a locking circuit for itself under the control of relay 
Si (14). Relay CB (14) attempts to close a circuit over 
its contact and contact 2 of relay AG (14) to the lower 
winding of relay BG (14) but relay AG (14) in operating 
opens this circuit and prevents the operation of relay 
BG (14) at this time. When key OSK(23) has been 
released relay ST (14) reoperates and closes the locking 
circuit of relay AG(14), which is suficiently slow to 
telease to remain operated until its locking circuit is 
closed. 

If key SW (23) is moved to the left, conductors 2309 
and 23;6 are connected together through resistance 2313. 
Jinder this condition marginal relay CA(14) does not 
operate, but relay CB (14) does operate completing the 
circuit above traced for relay BG (14) which is now effec 
tive, since relay AG (14) has not been operated. If relay 
ACG (14) had previously been operated the release of relay 
ST(t-4) by the operation of relay CS(23) opens the lock 
ing circuit of relay AG (14). Relay BG (14), when op 
erated, locks in a circuit from battery through its upper 
winding over contact 4 of relay AG (14) to ground at the 
contact of relay ST (14), relay BG (14) also being slow 
to release to hold over until relay ST (14) reoperates. 

Intertoll trunk observing 
A typical intertoll trunk circuit is shown in Fig. 16. 

For this type of trunk, signaling between the trunk circuit 
and the originating office is done by means of a composite 
signaling circuit. When the trunk is seized at the distant 
end, ground is connected to conductor 1600 and remains 
connected thereto throughout the call, except in the case 
of a rering signal. 

Ground on conductor 1600 completes a circuit over 
contact 8 of relay CO (16) and conductor 1625 to battery 
through the winding of relay LC(16) and over contact 10 
of relay CO (16) or over contact 6 of relay IN (16) to 
battery through the winding of relay SV (16). Relay 
SV (16) operates and connects battery through resistance 
lamp A (i.6) to conductor 601 as a stop-dial signal to 
the originating office to indicate that the equipment is not 
ready to receive pulses. Relay LC(16) also operates, 
closing a circuit from ground over its contact 4 to bat 
tery through the lower winding of relay IN (16), operat 
ing the latter relay which locks over its contact 4 directly 
to ground. At its contact 5 relay LC(16) connects 
ground to condenser TMC(16) to remove any residual 
charge from that condenser. 

Relay IN(16) closes a circuit from ground over its con 
tact 5, contact 7 of relay CO (16) to conductor 1602 to 
initiate the connection of an idle incoming sender with 
the trunk circuit. Relay N(6) at its contact 7 connects 
the winding of relay LC(16) to conductor 600 so that 
relay LC(16) remains operated under the control of the 
originating office after relay CO (16) operates. 
When a sender has been attached, ground is connected 

to conductor .693 operating relay CO (16) which locks 
over its contact 6 to ground at contact 5 of relay IN(16). 
At its contact 7 relay CO (16) opens the previously traced 
start circuit. At its contact 8, relay CO(16) disconnects 
the winding of relay SV (16) from conductor 600. Relay 
IN (16) at its contact 6 has already disconnected relay 
SV(16) from conductor 1600, but relay SV (16) is held 
operated under the control of the attached sender through 
retard coils 604 and 1605 and over conductors 1606 and 
1607 to ground in the sender. 

Relay CO (16) also connects ground over its contact 2 
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LO1B (24), LOiC(24) and the intermediate relays, re 
sistance 2499, conductor 2410 to ground at contact 
of relay GB (24). Current flow in this circuit is such 
that relay ST(21) operates but marginal relay L(24) and 
polarized relay PB (21) cannot operate. 

Relay ST(21) closes a circuit from ground over its 
contact, contact 1 of relay PB(21), conductor 216Í to 
battery through the winding of relay ST (20) which 
operates. Relay STi (20) at its contact 2 connects ground 
over conductor 2900 to battery through the winding of 
relay ST2020) operating the latter relay. Relay ST2(20) 
at its contact 2 connects ground to conductor 200 to 
energize the heaters of tubes V1 (17), V2(17) and 
V3(17). Relay ST2C20) also closes a circuit from 
ground over its contact 7, contact 5 of relay TC(20) to 
battery through the winding of relay TMi(20). Relay 
TM (20) operates and closes a circuit from ground over 
contact 4 of relay STi (20), contact 4 of relay TM1 (20) 
to battery through the winding of relay TM2(20). Relay 
TM2(20) also operates. 
Tube V (17) functions as two separate triodes and 

with battery connected to the right plate and ground con 
nected to the grid through resistances 736 and 78 cur 
rent flows through the right half of tube V (17) over 
conductor 1703 to the winding of relay M(20) which is 
connected to a reduced potential provided by the voltage 
divider made up of resistances 2004 and 2095. Relay 
M(20) is therefore normally operated and closes a cir 
cuit from ground over contact 3 of relay ST1 (20), con 
tact 2 of relay TC (20), contact 2 of relay M(20), con 
tact of relay TC (20), conductor 2006 to battery through 
the winding of relay CT(19) which operates. With 
relay CT(19) operated, ground is connected to the wind 
1ngs of relays CC (19) and CC9(19), the latter relays 
preparing circuits by which an incoming call on one of 
the associated trunk circuits may seize the intertoll serv 
ice observing trunk. 

it may be noted that relay CT(19) also closes direct 
circuits for other CC relays and closes additional circuits 
which may or may not be effective according as relays 
AG (19) and BG (19) are or are not operated. 
When now the trunk of Fig. 6 is seized at the distant 

end, ground is connected to conductor 160 and as pre 
viously traced to conductor 625 so that ground now 
extends over contacts 5 of jacks 1627 and 1629, conduc 
tor i764, contact 2 of relay CCO (19), contact 2 of relay 
B0 (19) to battery through the lower winding of relay 
A0 (19). Relay A (19) operates and locks over its con 
tact 5 to its operating ground, independent of relay 
B(h(19), and also closes a locking circuit for itself from 
battery through its upper winding and over its contact 4 
and conductor 1964 to ground at contact of relays 
CC0 (19), CC9(19), etc. and to ground over contact 
of relay TM2 (20) and contact 4 of relay ST: (20). The 
locking circuit closed over conductor 994 is a chain cir 
cuit extending over the back contact of unoperated A re 
lays to the operated. A relay. Since relay A8(19) oc 
cupies the highest position in the chain, relay AO (19) 
will lock without regard to the other A relays but if relay 
A49 (í 9) were operated it would lock to its operating 
ground but would lock over conductor 1904 only if the 
higher relays in the chain such as relays A2(19) and 
A8(19) were not operated. 
As soon as relay N (16) operates, ground is connected 

to conductor 626 competing a circuit over contact 7 
of jacks 1627 and 1629, contact 0 of relay CG (t7), con 
ductor 785 to battery through the winding of relay 
B} (19). Relay BG (19) operates and opens the operat 
ing circuit of relay AG (19). Whenever any of the trunks 
connected with service observing circuits are busy, the 
corresponding B relay will be operated so that when relays 
CC0(19), etc. operate, the associated A relay cannot 
operate. - 

Relay AC (19) closes a circuit from ground over its 
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ing of relay TC(20). Relay A0(19) also closes a cir 
cuit from ground over contact 1 of relay CC0(19), con 
tact 2 of relay A0 (19), conductor 1902, winding of relay 
CO(19), conductor 1706, resistances 902 and 1903 to 
battery. Relay TC(20) operates in the above-traced cir 
cuit and at its contact 9 closes an obvious circuit for 
operating relay TC1 (20). With relay TM1 (20) oper 
ated, relay TC(20) also closes a shunt around the lower 
winding of relay ST(21) which may be traced from con 
ductor 2102 which is connected to the right side of the 
lower winding of relay ST(21), contact 2 of relay 
TM1 (20), contact 4 of relay TC(20) to conductor 2007 
which is connected to the left side of the lower winding 
of relay ST(21). This increases the current flow in the 
signaling circuit as the seizure signal to the service ob 
serving desk. 

In addition, relay TC(20) closes a circuit from ground 
over its contact 8, contact 4 of relay CA(20) to battery 
through the winding of relay E2(20) which operates. 
At its contact 5, relay TC(20) opens the circuit of relay 
TM1(20) and that relay starts to release and in turn 
starts the release of relay TM2(20). The sum of the 
release times of these relays is the time interval during 
which the call-accepted signal should be received. Re 
lay TC(20) also opens the circuit of relay CT(19) and 
that relay releases, in turn releasing relays CC0 (19), 
CC9(19), etc. which disconnect the A relays from their 
associated trunk circuits so that any operated A relays oth 
er than relay A0 (19) will release, and preventing the sub 
sequent operation of any A relays. Relays CC0 (19), etc. 
disconnect ground from conductor 1904 leaving relay 
A0 (19) locked under the control of relay TM2(20). 
When relays CC)(19), CC9(19), etc. release, a shunt 
is closed around resistance 1902 causing relay CO(17) 
to operate. High resistance 1902 is included in the origi 
nal circuit of relays CO (17), etc. to prevent the false 
operation of more than one such relay, during the in 
terval that several A relays may be operated. 
With relay CO (17) operated, ground is connected 

over contact 8 of jacks 1627 and 1629, contact 2 of 
relay CO (17) to battery through the left winding of 
relay TC0(17) operating that relay. Relay TC0 (17) 
connects the output conductors of tube V2(17) through 
amplifier 1731 to the lower windings of repeating coil 
1709. 
When relay TC(20) closes the shunt around the lower 

winding of relay ST(21) as a seizure signal, relay L(24) 
operates, connecting ground to the windings of relays 
LOA(24), LOB (24), LOC(24), etc. Assuming that the 
intermediate position is bidding for a call in this class, 
relay LOB (24) will operate, in turn operating relay 
LOB (24) in the manner described for previous calls. 
With relays LOB(24) and LOIB (24) operated, the sig 
naling circuit is extended over contacts 2 and 4 of relay 
LOB (24) to battery and ground through the windings 
of relays KA(27) and HB(27). Relay HB(27) oper 
ates, in turn operating relays iNT(35) and TD (35) to 
hold relay TD2(35) operated. The operation of relay 
LO1B (24) opens the circuit of relay PN(35) and that 
relay releases, connecting ground through resistance 3510 
and over contact 7 of relay PN(35) to conductor 351. 
Relay LOB (24) extends ground on conductor 3511 to 
conductor 242 which is cross-connected to conductor 
2522 operating relay MIT(32) to prepare the observing 
circuit for observing on an intertoll trunk. Relay 
MIT (32) at its contact 9 connects ground to conductor 
2701 operating relay PB(35). At its contact 6 relay 
MIT (32) grounds conductor 3208, operating relay 
MF(27). Relay MIT(32) also connects ground over 
its contact 7 to battery through the winding of relay 
MK(32) operating the latter relay. With relays PB(35) 
and MK(32) operated, a circuit is closed from ground 
at contact 3 of relay LOB (24) through lamp 24 i3, con 
ductor 2217, contact of relay PB(35), contact 3 of 

contact 6, conductor 1900 to battery through the wind- 75 relay BC(35), conductor 3207, contact 6 of relay 
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MK(32), conductor 3519 to battery through resistance 
3520. Lamp 2413 lights to identify the service observ 
ing trunk to the service observing operator. 

Relay MIT(32) also connects ground over its contact 
10 to conductor 2800 operating relay CA(28). With 
relay CA(28) operated the two observing circuits are 
closed. 
The first observing circuit may be traced from ground 

over contact 6 of relay CA(28), contact 5 of relay 
CA1(28), conductor 2804, contact of relay SD(32), 
conductor 3202, upper winding of relay FR(28), con 
ductor 2805, lower right winding of repeating coil 259, 
conductor 2503, contact 1 of relay LOB(24), contact 1 
of relay OS (24), conductor 2493, upper left winding 
of repeating coil 1707, conductor 1708, contact 6 of 
relay CA(20), conductor 2008, lower winding of relay 
D(21), conductor 2103, contact of relay FL(20), 
upper winding of relay FCA(20), conductor 2009, upper 
winding of relay D (21), conductor 2104, contact 20 of 
relay TC(20), conductor 2010, upper right winding of 
repeating coil 1707, conductor 2404, contact 8 of relay 
OS(24), contact 2 of relay LOB(24), conductor 2562, 
upper right winding of repeating coil 250i, conductor 
2803, lower winding of relay FR(28), conductor 320i, 
contact 3 of relay SD(32), conductor 2862, contact f 
of relay CA1(28), contact 5 of relay CA(28) to battery 
through resistance 2801. 
The second observing circuit may be traced from 

ground over contact 1 of relay CA(28), contact 2 of 
relay CA1 (28), upper winding of relay RR(28), con 
ductor 2506, lower right winding of repeating coil 2504, 
conductor 2214, contact 7 of relay LOB(24), conductor 
2405, upper left winding of repeating coil 1709, retard 
coil 1710, resistance 1711, retard coil 1712, upper right 
winding of repeating coil 1709, conductor 2406, contact 
8 of relay LOB (24), conductor 2505, upper right wind 
ing of repeating coil 2504, conductor 2807, lower wind 
ing of relay RR(28), contact 3 of relay CAi (28), 
contact 2 of relay CA(28) to battery through resistance 
2806. The closure of these observing circuits consti 
tutes a call-accepted signal to the service observing trunk 
circuit. 
Relay MF(27) at its contact 2 connects battery to 

conductor 2702 and relay MIT(32) at its contact 5 
connects ground to conductor 2703 to prepare the multi 
frequency receiving circuit 2809. Relay MK(32) at its 
contact 4 connects ground over conductor 3209 to bat 
tery through the winding of relay MKi(25), operating 
the latter relay. Relay MK1 (25) reverses the connec 
tion between repeating coils 250 and 2504 and the op 
erator's telephone circuit and inserts pad 2523 in the 
connection between repeating coil 2504 and the operator's 
telephone. 
When relay CA(28) operates as above described, it 

opens the circuit of relay CA1(28) and that relay releases 
slowly to remove the shunt from the windings of relays 
RMC28), RC(28), FM (28) and FC(28). Since only 
the upper winding of relay FCA(20) is included in the 
first observing circuit as above traced, as soon as relay 
CA1(28) releases, marginal relay FM (28) operates as 
well as relay FC(28). Relay FC(28) operates relay 
FPU(28) which extends its operating ground over its 
contact 5, conductor 2817, contact 2 of relay MIT(32), 
conductor 3210 through lamp RPU(27) to battery at 
contact 2 of relay TD (27) lighting lamp RPU(27) as 
a signal that the intertoll trunk has been seized. Relay 
FPU(28) also operates relay HG (26) as described for 
cord circuit observing. Relay HG (26) locks in a circuit 
from battery through its winding, conductor 259, con 
tact 1 of relay MIT(32), conductor 2666 to ground at 
contact 7 of relay HG (26). Relay HG (26) grounds 
conductors 2600 to 2665 to prepare for the designation 
registration and operates relay KP(27). Ground on con 
ductor 2606 also completes a circuit over contact i of 
relay PK(27), conductor 2707, contact 9 of relay 
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MK(32), conductor 2738, contact 8 of relay ST(26), 
conductor 2650, contact 6 of relay FPU(28), conductor 
28 to battery through the winding of relay PC(25) 
which operates. 

Relay FM (28) closes a circuit from ground over its 
contact, conductor 2813, contact 50 of relay MK(32) to 
battery through the winding of relay FM, (32) which 
operates. 

In the intertoll service observing trunk circuit the left 
grid of tube V1(17) is connected to battery through re 
sistances 713, 1714 and 1715. The point of junction 
between resistances 173 and 7:4 is connected over con 
ductor 1716, contact 7 of relay CO (17) to conductor 1704 
which is connected as previously traced to the operating 
circuit of relay LC(16) in the intertoll trunk circuit. The 
left cathode of tube VE (17) is connected through the 
winding of polarized relay E(17) to reduced battery po 
tential supplied by a voltage divider made up of re 
sistances 1727 and 718. The current flow in this circuit 
is normally in a direction to cause relay E(17) to hold 
its contacts and 2 closed. When the intertoll trunk 
is seized followed by the operation of relay TC(20) as 
above described, ground is connected over contact 7 of 
relay S.2 (20), contact 6 of relay TC(20), contact 1 of 
relay TM1 (20) and conductor 2011 to battery through 
resistance 715. This ground increases the current flow 
through tube Val(17) sufficiently to cause the operation 
of relay E(17). When relay CO (17) operates, ground 
on conductor 1625 is extended over contacts 5 of jacks 
A627 and 1629, contact 7 of relay CO (17) to the junction 
between resistances 713 and 174 holding relay E(17) 
operated under the control of the incoming trunk. 
When relay E(17) operates, it closes a circuit from 

ground over contact of relay TC(20), conductor 2012, 
contact 4 of relay E(17), conductor 79, contact 3 of 
relay TME (20) to battery through the winding of relay 
E1(20). Relay E(20) operates and locks over its con 
tact 4, conductor 2913, contact 1 of relay CO (17), con 
ductor 1720 to ground at contact 1 of relay B0(19). 
Relay EA (20) closes a circuit from ground over contact 
8 of relay TC(20), contact 8 of relay E1 (20) to battery 
through the winding of relay E2(20). Therefore, relays 
Ei(20) and E2 (20) remain operated after relay 
TM1 (20) releases. Relay Ei (20) at its contact a closes 
a supplementary connection between conductor 1798 and 
the lower winding of relay D (21) so that the first ob 
serving circuit remains closed after relay CA(20) 
operates. 
When the first observing circuit is completed at the 

service observing position as a call-accepted signal, relay 
FCA (20) operates closing a circuit from battery through 
the winding of relay CA(20), contact 5 of relay ST2(20), 
contact of relay FCAC20), contact 3 of relay ST2C20), 
contact 3 of relay TC(20) to ground at contact 3 of relay 
STi (20). Relay CA(20) operates and locks over its 
contact 2, contact 3 of relay TC(20) to ground at contact 
3 of relay ST1 (20). With relay CA(20) operated a 
locking circuit is closed for relay TM2(20) extending 
from battery through the winding of relay TM2(20) and 
over its contact 2 to ground at contact 5 of relay CA(20). 
With relay TM2(20) held operated, the connection be 
tween the intertoll trunk and the service observing posi 
tion is held under the control of the observing position. 
As soon as the intertoll trunk was seized, relay SV (16) 

operated and connected battery to conductor 1601 as 
previously described. Battery on conductor 1601 is con 
nected over contact 6 of jacks 1627 and 1629, contact 8 
of relay CO (17) through resistance 1795 to the right grid 
of tube V (17). Battery on this grid decreases the cur 
rent flow through the right half of tube V (17) so that 
relay M(20) releases, closing a circuit from ground over 
contact 3 of relay TC(20), contact 5 of relay E1 (20), 
contact 3 of relay M. (20), contact 3 and winding of relay 
M1(20) to battery. Relay Ma (20) operates in this cir 
cuit and locks over its contact 2, contact 5 of relay E1 (20) 
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to ground at contact 8 of relay TC(20), independent of 
relay M(20). ? 
When the sender is ready to receive pulses, relay 

SV(16) is released and ground is connected to conductor 
1601. The right half of tube V (17) now becomes con 
ducting and relay M(20) reoperates. With relays M(21) 
and M1(21) operated, a shunt is closed around resistance 
1711 extending over conductor 1721, contact 4 of relay 
M(20), contact of relay M. (20) and conductor 2014. 
This shunt increases the current flow in the second ob 
serving circuit, permitting relays RC(28) and RM (28) 
to operate. Relay RC(28) operates relay RPU(28). 
Relay RM (28) closes a circuit from ground over its con 
tact, conductor 2814, contact 3 of relay MIT(32), con 
ductor 3211, contact 6 of relay ST(26), conductor 2709, 
contact 9 of relay HG (26), conductor 2608, contact 3 
and winding of relay KC(25) to battery. Relay KC(25) 
operates in this circuit and locks over its contact 4 
through resistance 2510 to ground on conductor 2606. 
With relays PC(25), KC(25) and MK2(25) operated, 
the left winding of repeating coil 2504 associated with 
the second observing circuit is connected to the multi 
frequency receiving circuit 2809. Ground connected to 
conductor 2314 by relay RM (28) also extends over 
contact 12 of relay MKi(25) and conductor 2524 to bat 
tery through lamp FSV(27) which lights. 
Relay KC(25) closes a circuit from ground through 

lamp SDR(25), conductor 3206, contact 4 of relay 
PK(27), conductor 2716, contact 2 of relay MK(32), 
conductor 3203, contact 6 of relay KC(25), resistance 
2512, conductor 2513, contact 3 of relay KD(27), con 
ductor 2711 to battery at contact 1 of relay MF(27) to 
light lamp SDR(25). Relay KC(25) also connects 
ground over its contact 5, conductor 2525 through the 
winding of relay KD (27) and resistance 270 to battery. 
However, relay KD (27) cannot operate, since battery 
through resistance 2710 is shunted over contact 2 of relay 
KD(27), conductor 2709, contact 6 of relay ST(26), 
conductor 3211, contact 3 of relay MIT(32), conductor 
2814 to ground at the contact of relay RM (28). 
The registration transmitted by the originating office is 

received over conductors 1612 and 613, branches of 
which are extended over contacts 3 and 4 of jacks 627 
and 1629, contacts 5 and 6 of relay CO (17) to the grids 
of tube V2(17). Tube V2(17) transmits the multifre 
quency pulses over the second observing circuit to the 
multifrequency receiving circuit 2809. 
The registration of the designation takes place as de 

scribed for cord observation. The preliminary KP sig 
nal causes the operation of relay KPA (27) and the release 
of relay KP (27), while the final or start signal causes 
the operation of relays ST(26) and KD (27) and the re 
lease of relay PC(25). The operation of relay KD (27) 
extinguishes lamp SDR (25). The operation of relay 
ST(26) lights lamp ST(25) and the release of relay 
PC(25) disconnects the multifrequency receiving circuit 
2809 from the second observing circuit. 

Each intertoll observing circuit is given an arbitrary 
two-digit number from 00 to 49. While a service ob 
servation is in process this number is transmitted to the 
Service observing position. The pulsing circuit used for 
transmitting the number is started under the control of 
the observing position where the identification receiving 
circuit is common to a plurality of service observing 
trunks. When relay MK(32) operates, as previously de 
Scribed, a circuit is closed from ground over contact 7 of 
relay MK(32), conductor 3212, contact 2 of relay 
LP (38), conductor 3892, contact 6 of relay IF(32), con 
ductor 3213, contact 4 of relay SH(31), conductor 3100, 
contact 4 of relay SH (32), conductor 324, contact 4 
of relay SH(33), conductor 3369 to battery through the 
winding of relay SI(31). It will be understood that this 
circuit also includes back contacts on the SH relays of 
the intermediate positions, which are not shown, and 
therefore is closed only if no other position is using the 
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indicator at the time. Relay Si (31) operates and closes 
a circuit from ground over its contact , conductor 3101, 
contact 9 of relay R(35), conductor 3521, contact 5 of 
relay IF(32), contact of relay SH(32), conductor 3215, 
contact 3 of relay LP (38), conductor 3803, contact 11 
of relay MIT (32) to battery through the winding of relay 
SH(32). Relay SH(32) operates and locks over a cir 
cuit which may be traced from battery through the wind 
ing Cf relay SH(32), contact 11 of relay MIT(32), con 
ductor 3883, contact 3 of relay LP (38), conductor 3215, 
contact 2 of relay SH (32), conductor 32.17, contact 1 of 
relay LP(38), conductor 3834, contact 3 of relay IF(32), 
conductor 3228, contact 6 of relay R1(35) to ground at 
contact 2 of relay PB(35.) When relay INT(35) re 
leases as described hereinafter, relay SHC32) is also 
locked in a circuit which may be traced from battery 
through the winding of relay SH(32), contact 6 of relay 
SH(32), conductor 3216, contact 2 of relay INT(35), 
conductor 3394, contact 3 of relay IF (32), conductor 
323, contact 6 of relay Rs (35) to ground at contact 2 
of relay PB (35). Relay SH(32) opens the previously 
traced circuit for relay SI (31) and that relay releases 
slowly, completing a circuit from ground over contact 2 
of relay S (31), contact & of relay SH(31), contact 6 
of relay SD (31), conductor 3192, contact 9 of relay 
SH (32), conductor 3219, contact 4 ofrelay LP (38), con 
ductor 3325 to battery through the winding of relay 
SD(32). Relay SD(32) operates in this circuit. The 
operating circuit of relay SD(32) also includes back con 
tacts on the SH and SD relays of any positions lying 
between the position of Fig. 31 and the position of Fig. 32. 
Ground connected to conductor 392 as above traced 

also extends over contact 8 of relay SH(32), conductor 
3220 to battery through the winding of relay SH1(38). 
Relay SH (38) operates and locks over its contact 6, 
conductor 3866, contact 8 of relay MT(32), contact 1 
of relay F(32), conductor 3225 to ground at contact 5 
of relay R2 (35). At its contact a relay SH1(38) closes 
an obvious circuit for operating relay SH2(38). At its 
contact 5 relay SH(32) connects ground to conductor 
2700 to hold relay TD2035) operated. At its contact 7 
relay SHC32) opens the operating circuit for relay R1 (35) 
to prevent the operation of the latter relay, if the observ 
ing operator attempts to release by operating her key 
RLS (35), before the observing circuit number has bee 
recorded. 

Relay SD(32) transin its the start identification signal 
to the intertoll service observing trunk circuit and at the 
same time starts the operation of a timing circuit which 
will be described hereinafter. 
The start identification signal is produced by reversing 

the connection of battery and ground to the first observ 
ing trunk circuit causing relay D (21) to operate. Relay 
D(21) closes a circuit from ground over contact 7 of 
relay TC(20), conductor 2015, contact 3 of relay 
PCO (21), conductor 2305, contact 5 of relay ST (20), 
conductor 2016, contact 2 of relay D (21), conductor 
2186, contact 7 of relay ST (20), conductor 2017 to 
battery through the winding of Irelay Di (21). Relay 
Di (21) operates in this circuit and locks over its contact 
4, contacts 5 and 3 of relay PCO (21) to ground on con 
ductor 2315. Relay Di (21) at its contact 3 connects 
ground over conductor 297 to battery through the wind 
ing of relay DC(18) operating the latter relay, which in 
turn operates relay DCE (18). ' 

Relays DC(18) and DC1 (18) close the identification 
circuit which was prepared by relay CO(1.7). Assuming 
for the purpose of illustrating the operation of the pulse 
transmitting and receiving circuits that the number of the 
service observing circuit including relay CO (17) is 39, 
a circuit will be closed from ground, winding of relay 
JS(18), lower winding of relay U4(18), contact. 10 of 
relay DC (18), conductor 1802, contact 11 of relay 
CO (16), conductor 1722, contact 6 of relay DC(18), 
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Iower windings of relays T. (18) and T2(18) to battery. 
Relays TiTi (18), T2(18), U4(18) and U5(18) operate in 
this circuit. 
. The CO relay of each service observing circuit con 
nects together two conductors representing the tens and 
units digits of the number assigned to that circuit. For a 
units digit 0 the circuit extends through the lower wind 
ing of relay TU(18) to ground through resistance 1801. 
For units digits from 1 to 4, relays U1(18) to U4(18) 
are energized through their upper windings while for 
the digits 6 to 9, these relays are energized through their 
lower windings in series with the winding of relay U5 (18), 
relay US(18) being operated alone for the digit 5. With 
any one of the relays U(18) to U5 (18) operated, battery 
is connected to the lower winding of relay TU(18) to 
operate that relay. 

For tens digit 0 battery is supplied through resistance 
2163 over conductor 2169 and through the upper winding 
of relay TU(18). For tens digits 1, 2 and 4, relay 
Ti (8), T2(18) and Ti4(18) are operated alone, while 
for the tens digit 3 relays Ti(18) and T2 (18) are oper 
ated together over a circuit extending through their lower 
windings in series. With any of the relays T1 (18), 
T2(18) or T4(18) operated, a circuit is closed through 
the upper winding of relay TU(18) to ground through 
resistance 1864. 

in addition, relay DC(18) disconnects conductors 240 
and 24.92 of the signaling circuit from the windings of 
relays PB (2) and Si (21) and extends them over its 
contacts 2 and 8, conductors $805 and 1806, contacts i 
and 2 of relay PCC (2i), conductors 2110 and 2111, 
contacts i and 2 of relay TU (18) to the pulse generating 
relays of Fig. 21. Relay ST(21) releases but relay 
Sii (20) is held operated over conductor 2101 to ground 
at contact 2 of relay Di(21). 
At the service observing position circuit, the operation 

of relay SH(38) disconnects the signaling circuit extend 
ing as above traced to conductors 2207 and 2208 from 
the windings of relays HB (27) and KA(28) and extends 
them over its contacts 5 and 3, contacts 3 and 1 of relay 
PF (38), contacts 5 and 3 of relay SH2(38) to the 
windings of polarized relays SN--(38) and SN-(38) 
and marginal relay MG (38). As indicated, relay 
SN-- (38) is polarized to respond to positive pulses, 
relay SN- (38) is polarized to respond to negative pulses, 
while relay MG (38) responds to heavy pulses of either 
polarity. Relay HB (27) releases, in turn releasing relay 
NT(35), relay SH(32) being held operated in the lock 

ing circuit previously traced over contact 2 of relay 
INT(35) and in turn holding relay TD2(35) operated. 
As soon as relay Di(21) operates, ground over the 

contact of interrupter 2324 is connected over contact 6 of 
reiay Di(21), winding of reiay PG (21) to battery over 
contact 2 of relay GR(21) and to battery through 
resistance 213. Therefore, relay PG(21) operates inter 
mittently under the control of interrupter 224. The code 
used for transmitting the number of the service observing 
circuit is one commonly used for transmitting desig 
nations to manual operators and is known as the call 
indicator code. Each digit is represented by four pulses, 
the first and third of which may be a blank pulse or a 
light positive puise and the second and fourth of which 
may be either a fight negative pulse or a heavy negative 
pulse. For a blank pulse, ground is connected to con 
ductor 333 and conductor 387 is disconnected. For a 
light positive pulse ground is connected to conductor 1808 
and conductor i807 is connected to battery through high 
resistance 1808. For a light negative pulse ground is 
connected to conductor 1897 and conductor 1808 is con 
nected to battery through high resistance 2:12. For a 
heavy negative pulse ground is connected to conductor 
1807 and battery through low resistance 1810 is connected 
to conductor 808 in parallel with high resistance 2112. 
The following table includes the code for the various 
digits in terms of light and heavy pulses: 
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Identification Relays Operated Pulse No. 
Digit 

Tens Uits 2 3 4. 

0----------- None None -------- L? - || -------- L? 
1----------- U1 -- -------- H?---- 
2.---------- ?2 U2 -------- ?-- -------- I? --- 
3-- T1--T2 U3 T-- EI i-------- L 
4.-- T4 U4 -------- L- L- L? --- 

-H -------- ! --?U5 -------- L ? - - - - - - - - - - -?? - - - - - - - - - - 5 
6-- -- U1-I-U5 | - L-:- || Tu- -------- H 

U2--U5 -------- Bi- -------- ?? - - - --?? - - - - - - - - - - 7 
8---------------- U3--U5 -- H -------- I 

-?4-!-?5 |-------- L- L- H --------------?? ? ? - - - - - - - - 9 

Between each two pulses, ground is connected to both 
conductors 1807 and 1893 to discharge the puising circuit 
and prevent a false operation at the receiving end due to 
surges. Before relay PG(2) operates for the first time, 
conductor 1807 is connected to ground over contact of 
relay GR (21), contact of relay PG(21) and contact i 
of relay SP (21), while conductor 868 is connected to 
ground over contact 2 of relay SP (21). Whenever relay 
PG(21) operates it closes an obvious circuit for operating 
relay GR(21). 
When relay PG(21) operates for the first time, marking 

the beginning of the first pulse period, it closes a circuit 
from ground over its contact 4, contact 3 and winding 
of relay W(21) to battery through resistance 2:54. 
Relay W(21) operates and locks over its contact 4; and 
conductor 218 to ground at contact 7 of reiay Di (21), 
at the same time closing a circuit from battery through 
resistance 2:15, winding of relay Z(21), contact 4 of 
relay W(21) to ground on conductor 2:58. Relay Z(21) 
cannot operate at this time since ground over contact 4 
of relay PG(21) is connected over contact 2 of relay 
Z(21) to resistance 2:55 in shunt with the winding of 
the latter relay. 
When relay PG(21) releases at the beginning of the 

second pulse period, relay Z(21) operates, ciosing a 
circuit from battery through resistance 2:26, winding and 
contact 2 of relay Wi (21), contact 4 of relay Z(21) to 
ground on conductor 218. Relay WS (21) operates and 
locks over its contact 3 to ground on conductor 25.33 and 
closes a circuit from battery through resistance 217, 
winding of relay ZS (21), contact 3 of relay WS (21) 
to ground on conductor 2:8. Relay Zi(21) does not 
operate at this time since the operating ground for relay 
W1 (21) is extended over contact 1 of relay Zi (21) to 
battery through resistance 2i;7 in shunt with the winding 
of relay Zi (21). 
When relay PG(21) operates at the beginning of the 

third pulse period, ground is connected over contact 4 
of relay PG(21) and contact 3 of relay Z(21) to battery 
through resistance 24 in shunt with the winding of 
relay W(21) and relay W(21) releases. Reiay Z(21) is 
held operated over contact 3 of relay W(21) to ground 
at contact 4 of relay PG(21). 
When relay PG(21) releases at the beginning of the 

fourth pulse period the holding circuit of relay Z(21) is 
opened and that relay releases. When relay Z(21) re 
leases, the shunt around the winding of relay Zi (21) is 
opened and that relay operates. When relay PG(21) 
operates and releases at the beginning of the next four 
pulse periods, relays W(21) and Z(21) are operated and 
released as above described. When relay Z(21) operates 
at the beginning of the sixth pulse period, ground on con 
ductor 2118 is connected over contact 4 of reiay Z(21) 
and contact 2 of relay Zi (21) to battery through re 
sistance 2ii6 in shunt with the winding of relay Wa(21) 
and relay Wi(21) releases but relay Z (21) is held oper 
ated in a circuit from battery through resistance 2; 7, 
winding of relay Zi (21), contact 2 of relay W(21), 
contact 4 of relay Z(21) to ground on conductor 2118. 
When relay Z(21) releases at the beginning of the eighth 
pulse period, the circuit for relay Z:(21) is opened and 
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relay Zi(21) also releases, restoring the pulsing relays 
to formal. During the next four pulse periods the opera 
tions of the first four pulse periods are repeated. 

During the first two puse periods, ground is con 
nected to conductors 887 and 1808 over contacts and 
2 of relay SP (21). This provides a time interval to 
insure that the observing position is ready to receive 
pulses before the first pulse is transmitted and avoids a 
very short first pulse in case the interrupter is near the 
end of its closed cycle when relay D1 (21) operates. 
At the beginning of the third pulse period relay SP (21) 

operates in a circuit from battery through its winding, 
contact 7 of relay W(21), contact of relay W1(21), 
contact 5 of relay Z(21), contact 3 of relay Z (21) to 
ground on conductor 218. Relay SP (21) locks over its 
contact 4 directly to conductor 218 and therefore re 
mains operated throughout the pulse transmission. With 
relay SP (21) operated, battery through high resistance 
2A42 is connected over its contact 3 to conductor 1808. 
With tens relays Ti(18) and T2C18) operated, during 

the third pulse period, conductor 1897 is extended over 
contact 5 of relay Z?{21), contact 8 of relay W1(21), 
contact of relay Z(21), conductor 219, contact 2 of 
relay T(18) to battery through high resistance 1809 and 
ground is connected over contact 3 of relay PG(21) to 
conductor 868 in shunt with the battery through resist 
ance 2 i2 resulting in a light positive pulse. 

During the fourth pulse period ground is connected to 
conductor 1887 over contacts of relays PG(21) and 
GR(21). The shunt is removed from battery through 
resistance 2112 and conductor 1808 is also extended over 
contact 1 of relay W(21), contact 4 of relay W1(21), 
conductor 2128, contact 2 of relay T2C18) to battery 
through low resistance 1810 resulting in a heavy nega 
tive pulse. During the fifth pulse period conductor 1807 
is left disconuected and conductor 1808 is connected to 
ground at contact 3 of relay PG(21) resulting in a blank 
pulse. During the sixth pulse period conductor 1867 is 
connected to ground over contacts 1 of relays PG(21) 
and GR(21) and ground is disconnected from conductor 
i808 leaving it connected to battery through high re 
sistance 252 resulting in a light negative pulse. This 
sixth pulse period ends transmission of the tens digit. 

Eduring the seventh and eighth pulse periods a blank 
pulse and a light negative pulse are transmitted as above 
described. During the ninth pulse period conductor i807 
is connected over contact 5 of relay Z (21), contact 9 
of relay W(21), conductor 2125, contact 2 of relay 
U4(18) to battery through high resistance 1809, while 
conductor 888 is connected to ground at contact 3 of 
relay PG(21) resulting in the transmission of a light posi 
tive pulse. During the tenth pulse period conductor 807 
is connected to ground at contacts of relays PG(21) 
and GR(21) and conductor 808 is connected to battery 
through high resistance 21:2 and is also extended over 
contact 2 of relay W(21), contact 6 of relay Z (21), 
conductor 2122, contact 2 of relay U5(18) to battery 
through low resistance E810 resulting in a heavy nega 
tive pulse. 

During the tenth pulse period a circuit is also closed 
from battery through the winding of relay RL(21), con 
tact 5 of relay SP(21), contact 6 of relay W(21), con 
tact á of reiay W (21), contact 5 of relay Z(21), con 
tact 3 of relay Z (21) to ground on conductor 218. 
Relay RL(21) operates in this circuit and, when relay 
W(21) releases at the beginning of the eleventh pulse 
period, a circuit is closed from ground over contact 5 of 
relay W(21), contact of relay RL(21), contact of relay 
D1 (21) to battery through the winding of relay PCO (21). 
Relay PCO (21) operates in this circuit locking over its 
contact 4 and conductor 2015 to ground at contact 7 of 
relay TC(20). The operation of relay PCO(21) marks 
the end of the pulsing and disconnects the signaling circuit 
from the pulsing relays. 
To recapitulate, as the result of the foregoing opera 
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tions, the following series of pulses are sent out, light 
positive pulse, heavy negative pulse, blank pulse, light 
negative pulse, blank pulse, light negative pulse, light 
positive pulse and heavy negative pulse. At the receiving 
circuit of Fig. 38 the following relays are operated in the 
corresponding eight pulse periods as a result of these 
pulses: 

Pulse Period Relay Operated 

--| SIN---(38). 
--| SN-(38), MG (38). 

- - None, 
“----------------------------------------- SN —- (38). 

.None ? . 

-- SN-(38). 
SIN---(38). 

SSS SSSSS S SSSSS SSS S SSS SSSSSS SN — (38), M1G (38). 

The operation of relay SN-- (38) in the first pulse pe 
riod closes a circuit from ground at contact 6 of relay 
SH2(38), conductor 3807, contact of relay SN-- (38), 
contact 1 of relay W(38), contact 3 of relay T(38), con 
ductor 3858 to battery through the right winding of relay 
T(39). Relay Ti (39) operates and locks through its 
left winding and over its contact to ground on conduc 
tor 3807. 
The operation of relay MG (38) in the second pulse 

period closes a circuit from ground on conductor 3867, 
contact of relay MG (38), contact of relay Z(38), con 
tact of relay TT(38), conductor 3869 to battery through 
the right winding of relay T2 (39). Relay T2 (39) oper 
ates and locks to ground on conductor 3807. 
The operation of relay SN-(38) in this same pulse 

period closes a circuit from ground on conductor 3897 
over the contact of relay SN-(38), contact 3 and the 
winding of relay W(38) to battery through resistance 
3816. Relay W (38) operates and locks over its contact 
4 to conductor 3887, at the same time closing a circuit 
from battery through resistance 38 through the winding 
of relay Z(38), contact 4 of relay W(38) to ground on 
conductor 3807. Relay Z(38) does not operate at this 
tine, since ground is connected over the contact of relay 
SN-(38) and contact 5 of relay Z(38) to battery through 
resistance 381 in shunt of the winding of relay Z(38). 
At the end of the pulse period, when relay SN (33) re 
leases, relay Z(38) operates. With relay Z(38) operated, 
a circuit is closed from ground on conductor 3837, con 
tact 3 of relay Z(38), contact 3 of relay T(38) to bat 
tery through the winding of relay T(38). Relay T(33) 
operates and locks in a circuit from battery through the 
winding of relay T(38), winding of relay Ti (3S) contact 
5 of relay T(38) to ground on conductor 3397. Relay 
TT(38) cannot operate at this time being shunted by the 
operating circuit for relay T(38). 
When relay SN-(38) is again operated in the fourth 

pulse period, ground on conductor 337 is connected over 
the contact of relay SN-(38) and contact 4 of relay 
Z(38) to battery through resistance 3850 in shunt of the 
winding of the relay W(38) causing relay W(38) to re 
lease. With relay W(38) released, relay Z(38) is held 
operated over contact 3 of relay W(38) and the contact 
of relay SN-(38). At the end of the pulse period relay 
SN-(38) is released, in turn releasing relay Z(38). When 
relay Z(38) releases the operating circuit for relay T(38) 
is opened and relay TT(38) operates in the locking circuit 
of relay T(38). 
When relay SN-(38) is again operated in the sixth 

pulse period relay W(38) is again operated and at the end 
of that period relay Z(38) also operates. The operation 
of relay Z(38) at this time closes a circuit from ground 
on conductor 3887, contact 3 of relay Z(38), contact 4 of 
relay TT(38) to battery through the winding of relay 
U(38). Relay U(38) operates and closes a locking circuit 
for itself from battery through the winding of relay U(38), 
contact 3 of relay SH2(38), winding of relay PFA (38), 
contact 1 of relay SH2(38), contact 1 of relay P(38) to 
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ground at contact 2 of relay SH2(38). Relay PF (38) 
cannot operate at this time being shunted by the operating 
circuit for relay P(38). 
When relay SN-- (38) operates in the seventh pulse 

period a circuit is closed from ground on conductor 3807, 
contact of relaySN-+(38), contact 2 of relay W(3S), cen 
tact 6 of relay TT(38), conductor 3812 through the right 
winding of relay U4 (39) to battery. Relay U4 (39) op 
erates and locks to ground on conductor 3807. 
When relay MG (38) is operated in the eighth pulse 

period it closes a circuit from ground on conductor 3887, 
contact of relay MG (38), contact 2 of relay Z(38), coin 
tact 3 of relay T(38), conductor 3813 to battery through 
the right winding of relay U5(39). Relay U5(39) op 
erates and locks to conductor 3807. 
The operation of relay SN-(38) in the eighth pulse 

period causes the release of relay. W(38) as before, fol 
lowed at the end of the period by the release of relay 
Z(38). With relay Z(38) released the operating circuit 
for relay U(38) is opened and relay PF1 (38) operates. 

Relay PF (38) closes a circuit from ground over its 
contact 5, contact 8 of relay SH. (38) to battery through 
the winding of relay LP (38). Relay LP(38) connects 
ground to conductor 3814 completing a circuit over con 
tact 2 of relay T2(39), contact 7 of relay T1 (39), con 
tact 4 of relay T5(39), conductor 3903 to battery through 
lamp 39:3 which lights. A circuit is closed from ground 
on conductor 384 over contact 3 of relay U2 (39), con 
tact 3 of relay U5(39), contact 2 of relay U4(39), con 
ductor 3929 to battery through lamp 3939 which lights. 
The lighting of lanps 39:3 and 3939 indicates to the serv 
ice observing operator that she has been connected with 
the service observing circuit No. 39. 
With relay PFF (38) operated, the signaling circuit con 

dictors 2207 and 2208 are connected over contacts 5 and 
3 of relay SH (38) and contacts 4 and 2 of relay PF1 (38) 
to conductors 3380 and 3801 so that relays HB (27) and 
KA (27) are again included in the signaling circuit. 

Reiay P(38) opens the operating circuits for relays 
SH(32) and SID (32). Relay SD (32) immediately re 
leases to restore the connection of battery and ground to 
the first observing circuit to its original condition and 
stops the timing operation. Other service observing posi 
tions may now proceed with identification if necessary. 
When relay PCO (21) operates, as above described, 

at the end of the identification, the locking circuit of 
relay Di (21) is opened and when the polarity of the 
first observing circuit is restored relay D(21) releases 
opening the circuit of relay D1 (21). Relay D1 (21) 
thereupon releases, in turn releasing relays DC(18) . 

With relay DC(18) released, the sig- " and DC (18). 
naling circuit is reconnected with the windings of re 
lays PB (21) and ST(21). 
The reclosure of the signaling circuit causes relay 

HB(27) to reoperate, in turn reoperating relay INT(35) 
and relay INT(35) opens the locking circuit of relay 
SH(32) permitting that relay to release. With relay 
SH (32) released, the operator may operate her re 
lease key RLS (35) operating relays R(35) and R1(35) 
as previously described. Relay R1 (35) performs the 
functions described for release following cord circuit 
observation and, in addition, opens the locking cir 
cuit for relay SH1(38) which in turn releases relays 
SH2(38) and LP(38) thereby releasing the identifica 
tion circuit. Relay R(35) also opens the operating 
circuit for relay SH (32) so that this relay cannot op 
erate after the release key has been operated. As pre 
viously described, relay R1(35) causes relay LOB(24) 
to release opening the observing circuits and permit 
ting relays FC (28), FPU(28), FM (28) and FM1(32) 
to release. Relay HG (26) does not release since it 
is locked under the control of relay MIT(32). Re 
lay FPU(28) extinguishes lamp RPU(27). With re 
lay HG (26) held operated, a circuit is closed from 
ground over contact 3 of relay FPU(28), conductor 
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2818, contact 8 of relay HG (26), conductor 2641, con 
tact 12 of relay MIT(22), conductor 3227 to battery 
through the winding of relay CA1(28) which oper 
ates. Relay CA (28) recloses the shunt around the 
windings of relays RM(28) and RC(28) and around 
the windings of relays FM (28) and FC(28). At its 
contact 4 relay CA1(28) also opens the circuit of re 
lay SP (37) which releases and disconnects the opera 
tor's telephone from the observing circuits. 
When relay R1 (35) reverses the connection of bat 

tery and ground to the signaling circuit, relay PB (21) 
operates releasing relay ST (20). Relay ST2C20) is 
held operated in a circuit from ground over the con 
tact of relay ST(21), contact 2 of relay PB (21), con 
ductor. 2000 to battery through the winding of relay 
ST2(20). Relay ST (20) opens the locking circuit 
of relay CA(20) and that relay releases, opening the 
locking circuit of relay TM2(20) and relay TM2(20) 
releases slowly. Relay ST1 (20) also opens the lock 
ing circuit for relay AC (19) and that relay releases 
followed by relays CO (17), TC(20) and TC(20). 
With relay CO(17) released, relays E(17) and Ei(20) 
release and relay M(20) is permitted to reoperate. 
The locking circuit of relay TC0 (17) is also opened 
and that relay releases. 
With relay TC(20) released, the shunt is opened 

around the lower winding of relay ST(21) and the re 
sistance in the signaling circuit is increased so that re 
lay HB (27) releases, in turn releasing relay TD2 (35). 
Relay TD2(35) opens the locking circuit of relay 
LO1B (24) disconnecting the signaling circuit from the 
windings of relays HB(27) and KA(27) and again 
connecting them to battery and ground at back con 
tacts of relay GB (24). With relay LOB (24) re 
leased, trunk lamp 2413 is extinguished and relay 
MT(32) releases, in turn releasing relays MK(32), 
HG (26), MF(27), PB (35), CA(28) and CA (28). 
Relay MK(32) releases relay MK (25) which restores 
the transmission circuits over the first and second observ 
ing circuits to normal. With relay PB(35) released, 
relays R(35) and R1 (35) also release and relay PN(35) 
reoperates to request a new call. 

in the intertoll service observing trunk circuit the 
restoration of the signaling circuit to its original con 
dition releases relay PB (21) and relay ST1 (20) re 
operates. When relay TC1 (20) is released, relay 
CT (19) and relays CC (19), CC(19), etc. reoperate 
to select another intertoll trunk for observation. 

For a normal intertoll call the sequence of lighting 
the lamps at the service observing position is as follows: 
Trunk lamp 24í3 lighted 
Lamp RPU(27) lighted 
Lamp FSV (27) lighted 
Lamp SDR(25) lighted 
Line designation lamps lighted 
Lamp SDR(25) extinguished 
Trunk identification lamps (may light at any time dur 

ing observation) 
Call not accepted 

It will be remembered that when the intertoll serv 
ice observing trunk is idle and there are operators 
available to observe on intertoll trunk calls, relays 
ST (21), STI (20), ST2(20), TM1 (20) and TM2(20) 
are operated. When relay A6 (19) operated, relay 
TC(20) operated opening the circuit of relay TM1 (20) 
which releases slowly. When relay TM1 (20) releases, 
the operating circuit for relay TM2(20) is opened and 
that relay starts to release. Relay TM1 (20) also 
opens the shunt around the lower winding of relay 
ST(21) to release relay L(24) and thereby cancel the 
seizure signal. If several calls reach the service observ 
ing desk at the same time there may be sufficient delay 
in connecting the trunk shown with an idle service 
observing position and returning the call-accepted sig 
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nal to permit relay TM2(20) to release. If relay 
TM2(20) releases, the locking circuit for relay A0 (19) 
is opened and that relay releases, in turn releasing re 
lay TC(20) followed after an interval by a slow-to 
release relay TC1(20). Relay B6 (19) will remain op 
erated under the control of the intertoll trunk so that 
relay A0 (19) cannot reoperate. When relay TC; (20) 
releases, relay CT(19) and the CC relays of Fig. 19 
reoperate so that a call on another intertoll trunk may 
seize the intertoll service observing trunk. 

Ringing forward 
If the originating operator rings forward while the 

service observing position is connected with the intertoll 
trunk of Fig. 16, ground will be removed from conductor 
1660 for an interval of 50 to 100 milliseconds, resulting 
in a ring-forward signal as previously described. The re 
moval of ground from conductor 1699 and thereby from 
conductor 1625 causes relay E (17) to release for a like 
interval. When relay E(17) operated, a circuit was 
closed from ground over contact A of relay TC(20), con 
ductor 2012, contact 3 of reiay E (17), conductor 725, 
contact 2 of relay BB (20), winding of relay RG2(20) to 
battery through resistance 2318. Therefore, when relay 
E(17) releases, a circuit is closed from ground on con 
ductor 2012, contact 2 of relay E(17), conductor 723, 
contact of relay E1 (20), conductor 2019, contact 5 
of relay TC0 (17), conductor 1724, contact 3 of relay 
RG2(20) to battery through the winding of relay 
RG (20). At the end of the ringing signal, relay E(17) 
reoperates, opening the circuit of relay RG (20) but relay 
RG (20) is slow to release and during the release time 
of that relay a circuit is closed from ground on conductor 
2012, contact 3 of relay E(17), condutor 1725, contact 
3 of relay TC0 (17), conductor 726, contact 3 of relay 
BB(20), contact 2 of relay RG (20) to battery through 
the winding of relay RGB (20). Relay RGF(20) op 
erates and connects --130 volt battery through resistance 
lamp 2020, contact of relay RG (20), contact 12 of re 
lay E1 (20) to conductor 2103 and over contact of relay 
FL (20) and through the upper winding of relay FCA (20) 
to conductor 2009. 
At the service observing position the closure of this 

circuit causes the operation of differential relay FR(28). 
Relay FR(28) closes a circuit from battery through the 
winding of relay FRE(32), contact 4 of relay MIT32), 
conductor 2815, contact of relay FR(28), contact 6 of 
relay CA (28) to ground at contact 6 of relay CA(28). 
Relay FR(32) operates and closes a circuit from ground 
over contacts 2 and 3 of relay FM1(32), contact of re 
lay FR(32), conductor 3225, lamp RSV (27) to battery 
at contact 2 of relay TDE (27). Lamp RSV(27) lights 
at this time. Relay FR1(32) is slow to release and con 
tinues to hold lamp RSV (27) lighted for a time after 
relay FR(28) releases. 

Disconnection of intertoll trunk 
When the originating operator disconnects the inter 

toll trunk, ground will be removed from conductor 6: 
causing the release of relay E (17). During the release 
timing operation previously described, relay JN (16) cou 
tinues to ground conductor 1626 holding relay B0 (19) 
and E1 (20) operated. The release of relay E(17) op 
erates relay RG (20) and opens the circuit of relay 
RG2(20). If the disconnection occurs before a sender 
has been attached to the trunk, relay CO (16) will not 
have operated and when relay IN(16) releases, ground 
will be disconnected from conductor 1626 releasing relays 
B0(19) and Ei(20). With relay E1(20) released, the 
circuit of relay E2(20) is opened and that relay starts 
to release. Relay E1 (20) at its contact is opens the 
first observing circuit causing relays FM (28) and FC (28) 
to release. Relay FM (28), in turn, releases relay 
FMi(32), which opens the circuit of lamp RSV (27) 

... extinguishing that lamp. Relay FC(28) opens the cir 
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cuit for lamp RPU(27) and the circuit of relay FPU(28). 
Relay FPU(28) is somewhat slow to release and during 
its release time closes a circuit from battery through the 
winding of relay CA1(28), conductor 3227, contact 12 
of relay MIT(32), conductor 2641, contact 8 of relay 
HG (26), conductor 288, contact 4 of relay FPU(28) 
to ground at contact 1 of relay FC(28) operating relay 
CA(28). As soon as relay FPU(28) releases it con 
nects ground to conductor 2858 to hold relay CA (28) 
operated. With relay CA1(28) operated, the windings of 
relays FM (28) and FC(28) are shunted as previously 
described and reclosure of the first observing circuit by 
the release of relay E2(20) is ineffective at the service 
observing operator's position. The darkening of lamps 
RPU (27) and RSV (27) indicates to the service observ 
ing operator that the call has been abandoned and that 
she may proceed to release her position in the manner 
previously described. 

Stuck sender 

If a sender has been attached, but cannot release so 
that the originating toll operator disconnects in response 
to a stuck sender signal, relay CO (16) will be held op 
erated by the sender and ground will not be removed 
from conductor 1626. Relay E(17) releases as pre 
viously described operating relay RG (20) and opening 
the circuit of relay RG2(20). When relay RG2(20) 
releases, the circuit of relay RG (20) is opened but that 
relay releases slowly and during its release time, a cir 
cuit is closed from battery through the winding of relay 
BB (20), contact 3 of relay RG (20), contact 2 of relay 
RG2(20), contact 4 of relay E1 (20), conductor 2013, 
contact of relay CO (17), conductor 720 to ground at 
the contact of relay B0019). Relay BB(20) operates 
and locks over its contact , contact 2 of relay RG2(20) 
and thence as traced over its operating circuit to ground 
at the contact of relay B0 (19). With relay BB(20) 
operated, a circuit is closed from ground over the con 
tact of interrupter 2124, conductor 223, contact of 
relay RG (20), contact 1 of relay RG2(20), contact 4 
of relay BBC20) to battery through the winding of re 
lay FL(20). Relay FL(20) operates intermittently un 
der the control of interrupter 2124. Each time that re 
lay FL(20) operates it opens the shunt around the lower 
winding of relay FCA (20) introducing that high resist 
ance winding into the first observing circuit. 
At the service observing position relay FC(28) re 

mains cperated but marginal relay FM (28) is intermit 
tently released, in turn intermittently releasing relay 
FM1 (32) and the lamp RSV (27) is flashed as a stuck 
Sender signal in a circuit from ground at contact 2 of rc 
lay FC(28), conductor 2819, contact 8 of relay MK(32), 
contact of relay FM1(32), conductor 3225 to battery 
through lamp RSV(27). 

Disconnect before designation is complete 
The intertoll operator may make an error in keying a 

number and disconnect before she completes the designa 
tion. Under this condition relays M(20) and M. (20) 
will have been operated, closing the shunt around the 
high resistance 1711 in the second observing circuit so 
that relays RM (28) and RC(28) will be operated at the 
observing position. Relay RC(28) operates relay 
RPU(28) and relay RM (28) operates relay KC(25) to 
prepare for receiving the designation as previously de 
scribed. Release of the intertoll trunk causes the release 
of relays FC(28) and FM (28), in turn releasing relay 
FPU(28) which extinguishes lamp RPU(27), releases 
relay PC(25) and operates relay CA1(28). 
The operation of relay CAi (28) releases relays 

RM (28) and RC(28), in turn releasing relay RPU(28). 
The release of relay RM (28) permits relay KD (27) to 
operate and extinguishes lamp FSV(27). The operation 
of relay CA1(28) releases relay SP (37) disconnecting 
the operator's telephone from the service observing desk. 
Relay KD(27) in operating extinguishes lamp SDR(25). 
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Relay PC(25) in releasing restores the register control 
circuits to normal, reconnects resistance 2514 across the 
second observing circuit and disconnects that circuit from 
tine multifrequency receiving circuit 2809. 

Disconnection after designation has been completed 
If the designation has been completed the operation of 

relay ST(26) causes relay KD (27) to operate and relay 
iC(25) to release. Relay KD(27) extinguishes lamp 
SDR(25) and relay PC(25) restores the register control 
circuits to normal. The disconnect signai relieases relays 
FC(28) and FM (28), in turn releasing relay FPU(28) 
and the further release is the same as above described. 

Trunk identification failure 
When relay SD(32) operated, as above described, to 

transmit the send identification signal, it started the 
operation of a timing circuit. 

This timing circuit includes relays TMR(32), TM1(32) 
and tube TM (32). When relay SD(32) operates, it 
closes a circuit from ground over its contact 5, contact 3 
of relay TMS (32) to battery through the winding of 
relay TMR(32) which operates. Relay TMR(32) con 
nects -130 volt battery through resistance lamp 3222, 
contact 5 of relay TMR (32) to the main anode of tube 
M(32) and through resistance 3223 to condenser 

c(32). Condenser C1 (32) is connected through re 
sistance 3224 to the control anode of tube TM (32). 
i&eiay TMR (32) also connects ground over its contact 3 
aid through the lower winding of relay TMi(32) to the 
cathode of tube TM (32). 

Condenser Ci(32) charges and, if the trunk identifi 
cation is not completed releasing relay SD(32) as above 
described before the charge on the condenser reaches the 
breakdown potential of tube TMC32), that tube will 
break down, operating relay TM1(32) across its main 
gap. Reiay TME (32) locks in a circuit from battery 
through its upper winding and over its contact 4 to 
ground at contact 5 of relay SD(32). At its contact 3 
reiay TM1(32) opens the operating circuit of relay 
TMR(32) causing that relay to release, removing the 
-- 130 volt battery from tube TM (32) and quenching the 
tube. Relay TMR (32), when released, connects ground 
over its contact 4 through resistance 3226 to condenser 
C; (32) to discharge the condenser. At its contact 
relay TM (32) lights the indication failure lamp FL(32) 
and at its contact 2 closes a circuit over contact 3 of 
relay SHC32) to battery through the winding of relay 
F(32). Relay IF (32) operates and locks over its con 

tact 4, conductor 328, contact 6 of relay R1 (35) to 
ground at contact 2 of relay PB(35). With relay 
iif(32) operated, the operating and locking circuits of 
relay SH(32) are opened and that relay releases. Relay 
iF(32) at its contact 2 closes a substitute circuit to 
ground for lamp FL(32). At its contact 6 relay F(32) 
opens the circuit over which relay SI(31) was operated. 
With relay SH (32) released, relay SD(32) is also re 
leased, restoring the position circuit to a condition to per 
mit observations to continue and permitting other posi 
tions to proceed with identification. 

Dial class intertoll trunk 

i)ial class intertoll trunks may also be observed by 
means of the intertoll service observing trunk of Figs. 17 
and 20. As previously mentioned, no ground is con 
nected to contact 8 of jack 1627 for such trunks and 
relay TC0 (17) is not operated. With relay TC0 (17) 
normal, the output conductors from tube V2(17) are 
connected over contacts and 10 of relay TC0 (17) 
through resistances 732 and 1733 in parallel with the 
output conductors of tube V3(17) to the first observing 
circuit. The second observing circuit is connected 
through repeating coil 1709, amplifier 1734 and over con 
ductors 1734 and 1735 to the dial pulse multifrequency 
converter circuit 1810. 
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Dial class pulsing causes ground to be disconnected 
briefly from conductor 1600 for each dial pulse, causing 
relay E(17) to release for each pulse. Each release of 
relay E(17) closes a circuit from ground at contact i 
of relay TC(20), conductor 2012, contact 1 of relay 
E(17), contact 2 of relay E1 (17), conductor 2024, con 
tact 8 of relay TC0(17) to conductor i736 leading to 
the converter 80. The converter 1810 is arranged to 
generate a KP signal and, if necessary, an ST signai and 
translates each digit as received into the corresponding 
multifrequency signal which is transmitted over conduc 
tors 734 and 1735 to the second observing circuit and 
the observing operator's position. After the dialed digits 
and ST signal have been transmitted, the converter 1810 
causes relay TC0(17) to operate and lock which discon 
nects the converter 1810 to arrange the observing trunk 
circuit for further observation similar to that for multi 
frequency pulsing. Otherwise, the observation takes 
place as described for the multifrequency trunk of 
Fig. 16. 

Loop red??ti?? 
The number of intertoll service observing circuits hav 

ing access to the intertoll service observing trunk may be 
reduced in a manner similar to that previously described. 
When the intertoll service observing trunk circuit is idle, 
key OSK(24) will be operated operating relay OS(24), 
With relay OS(24) operated the signaling circuit is opened 
causing relay ST(20) to release, in turn releasing relays 
ST(20) and ST2(20). At the service observing desk, 
conductor 2403 of the first observing circuit is extended 
over contacts 2 and 3 of relay OS(24) to the outer right 
contact of key SW (24) and through resistance 2413 
through the outer left contact of key SW (24). Conduc 
tor 2484 of the first observing circuit is extended over 
contacts 7 and 6 of relay OS(24) to the inner contacts 
of key SW (24). In the intertoll service observing trunk 
circuit conductor 24.03 is extended through the upper left 
winding of repeating coil 1707, conductor 708, con 
tact 1 of relay ST1 (20), lower winding of relay D (21), 
conductor 2103, contact 1 of relay FL(20), upper wind 
ing of relay FCA (20), upper winding of relay D (21), 
conductor 2104 to ground at contact 8 of relay STi (20). 
Conductor 2404 is extended through the upper right 
winding of repeating coil 1707, conductor 2010, contact 

of relay ST2(20) to battery through resistances 282i. 
and 2018. - - 

If now the left contact of key SW (24), is closed, con 
ductors 2403 and 2404 will be connected together through 
resistance 243 and relay D(21) will operate alone clos 
ing a circuit from ground, contact 6 of relay ST (20), 
conductor 2016, contact 2 of relay D (21), conductor 
206, contact 8 of relay ST1 (20), contact 9 of relay 
ST2(20), conductor 2022, contact 3 of relay AG (19) to 
battery through the lower winding of relay BG (19). 
Relay BG (19) operates and locks in the circuit from 
battery through its upper winding and over its contact 
1, conductor 2000 to ground at contact 2 of relay ST1 (20), 
when key OSK(24) is opened and relays ST(21) and 
ST(20) reoperate. Relay BG (19) is sufficiently slow to 
release to cover the operating times of these relays. 

If the right contact of key SW (24) is closed, conduc 
tors 2403 and 2404 are connected directly to one an 
other and relays FCA(20) and D (21) both operate. 
With relay FCA(20) operated, a circuit is closed from 
ground over contact 4 of relay ST2C20), contact of re 
lay FCA(20), contact 6 of relay ST (20), conductor 
2023 to battery through the lower winding of relay 
AG (19). The previously traced circuit for relay BG (19) 
is closed by the operation of relay D(21) but relay 
AG (19), in operating, opens the circuit of relay BG (19) 
and therefore that relay cannot operate. Relay AG (19) 
is also slow to release and locks through its upper wind 
ing and over its contact 2 to conductor 2000 when relay 
ST2(20) reoperates. 

in the arrangement shown in Fig. 19, contacts 1, 2, 
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9 and 10 of relay CT(19) are connected directly to 
ground so that the CC relays connected to these con 
tacts always operate following the operation of relay 
CT(19). Contacts 3 and 4 of relay CT(19) are con 
nected to ground over contact 2 of relay BG (19) and 
contact 1 of relay AG (19) so that the associated CC re 
lays are not operated if either relay AG (19) or relay 
BG (19) is operated. Contacts 5 and 6 of relay CT(19) 
are grounded over contact 4 of relay AG (19) and the 
associated CC relays cannot operate if relay AG (19) is 
operated. Contacts 7 and 8 of relay CT(19) are grounded 
over contact 3 of relay BG (19) and the associated CC 
relays cannot operate if relay BG (19) is operated. It 
will be understood that the connection of ground to the 
various contacts of relay CT(19) may be varied as de 
sired. 
What is claimed is: 
1. In a telephone system, a first office, circuits at said 

office used in telephone connections, a second office, op 
erator positions at said second office, a service observing 
trunk extending between said first office and said second 
office, means responsive to taking one of said circuits for 
use for preparing a connection between said one circuit 
and said service observing trunk, means responsive to said 
connection preparing means for transmitting a seizing sig 
nal over said trunk, connecting means at said second 
office operated in response to said seizing signal to con 
nect said trunk with one of said operator positions, means 
in said one operator position operated in response to 
the operation of said connecting means to transmit a call 
accepted signal over said trunk to said first office, and 
means at said first office operated in response to said call 
accepted signal to render said prepared connection be 
tween said one circuit and said service observing trunk 
effective. 

2. In a telephone system, a first office, circuits at said 
office used in telephone connections, a second office, op 
erator positions at said second office, a service observing 
trunk extending between said first office and said second 
office comprising a plurality of pairs of conductors, means 
responsive to taking one of said circuits for use for prepar 
ing a connection between said one circuit and said service 
observing trunk, means responsive to said connection pre 
paring means for transmitting a seizing signal over one 
of said pairs of conductors, connecting means at said 
second office operated in response to said seizing signal 
to connect said trunk with one of said operator posi 
tions, means in said one operator position operated in 
response to the operation of said connecting means to 
transmit a call-accepted signal over another of said pairs 
of conductors to said first office, and means at said first 
office operated in response to said call-accepted signal 
to render said prepared connection between said one cir 
cuit and said service observing trunk effective. 

3. In a telephone system, a first office, circuits at said 
office used in telephone connections, a second office, 
operator positions at said second office, a service observ 
ing trunk extending between said first office and said 
second office comprising a plurality of pairs of con 
ductors, means responsive to the use of one of said 
circuits for preparing a connection between said one 
circuit and said service observing trunk, means respon 
sive to said connection preparing means for transmitting a 
seizing signal over one of said pairs of conductors, timing 
means, means also responsive to said connection prepair 
ing means to initiate the operation of said timing means, 
connecting means operated in response to said seizing 
signal to connect said trunk with one of said operator 
positions, means in said one operator position operated 
in response to the operation of said connecting means 
to transmit a call-accepted signal over another of said 
pairs of conductors to said first office, means operated 
in response to said call-accepted signal to maintain said 
prepared connection between said one circuit and said 
service observing trunk and to disable said timing means, 
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and means under the control of said timing means to 
terminate said seizing signal and disable said prepared 
connection. 

4. In a telephone system, a first office, circuits at said 
office used in telephone connections, a second office, 
operator positions at said second office, a service observ 
ing trunk extending between said first office and said 
second office comprising a normally closed signalling 
circuit and a normally open observing circuit, means 
responsive to taking one of said telephone circuits for 
use for preparing a connection between said one tele 
phone circuit and said service observing trunk, means 
responsive to said connection preparing means for trans 
mitting a seizing signal over said signaling circuit, con 
necting means at said second office operated in response 
to said seizing signal to connect said trunk with one of 
said operator positions, means in said one operator posi 
tion operated in response to the operation of said con 
necting means to complete said normally open observing 
circuit as a call-accepted signal to said first office, and 
means at said first office operated in response to the 
completion of said observing circuit to render said pre 
pared connection between said one telephone circuit and 
said service observing trunk effective. 

5. In a telephone system, a first office, circuits at said 
office used in telephone connections, a second office, 
operator positions at said second office, a service observ 
ing trunk extending between said first office and said 
second office comprising a normally closed signaling 
circuit and a normally open observing circuit, means 
responsive to the use of one of said telephone circuits 
for preparing a connection between said one telephone 
circuit and said service observing trunk, means respon 
sive to said connection preparing means for transmitting 
a seizing signal over said signaling circuit, timing means, 
means also responsive to said connection preparing 
means to initiate the operation of said timing means, 
connecting means operated in response to said seizing 
signal to connect said trunk with one of said operator 
positions, means in said one operator position operated 
in response to the operation of said connecting means to 
complete said normally open observing circuit as a call 
accepted signal to said first office, means operated in 
response to the completion of said observing circuit to 
maintain said prepared connection between said one tele 
phone circuit and said service observing trunk and to 
disable said timing means, and means under the control 
of said timing means to terminate said seizing signal and 
disable said prepared connection. 

6. In a telephone system, toll offices, a plurality of 
classes of communication circuits at said offices, the 
various classes of communication circuits generating 
different signals, a service observing trunk circuit for 
each class of communication circuit at each office, means 
to connect any one of said communication circuits with 
the corresponding class of service observing trunk circuit, 
a common service observing office, said service observing 
trunk circuits connecting said toll offices with said service 
observing office, operator positions at said service observ 
ing office, connecting means at said service observing 
office responsive to the connection of a communication 
circuit with one of said service observing trunk circuits 
to connect said one service observing trunk circuit with 
one of said operator positions, indicating means at each 
of said positions, and means under the control of said 
connecting means to render the indicating means of said 
one operator position responsive to signals generated by 
the class of communication circuit connected therewith. 

7. In a telephone system, toll offices, a plurality of 
classes of communication circuits at said offices, the 
various classes of communication circuits generating 
different signals, a service observing trunk circuit for 
each class of communication circuit at each office, means 
to connect any one of said communication circuits with 
the corresponding class of service observing trunk circuit, 
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a common service observing office, said service observ 
ing trunk circuits connecting said toll offices with said 
service observing office, operator positions at said service 
observing office, connecting means at said service observ 
ing office responsive to the connection of a communica 
tion circuit with one of said service observing trunk 
circuits to connect said one service observing trunk cir 
cuit with one of said operator positions, indicating means 
at each of said positions, means under the control of said 
connecting means to render the indicating means of said 
one operator position responsive to signals generated by 
the class of communication circuit connected therewith, 
and means for rendering said operator positions connect 
able only with a particular class of service observing 
trunk. 

8. In a telephone system, toll offices, a plurality of 
classes of communication circuits at said offices, the 
various classes of communication circuits generating 
different signals, a service observing trunk circuit for 
each class of communication circuit at each office, means 
to connect any one of said communication circuits with 
the corresponding class of service observing trunk circuit, 
a common service observing office, said service observing 
trunk circuits connecting said toll offices with said service 
observing office, operator positions at said service observ 
ing office, connecting means at said service observing 
office responsive to the connection of a communication 
circuit with one of said service observing trunk circuits 
to connect said one service observing trunk circuit with 
one of said operator positions, indicating means at each 
of said positions, means under the control of said con 
necting means to render the indicating means at said one 
operator position responsive to signals generated by the 
class of communication circuit connected therewith, and 
allotting means for rendering only one operator position 
at a time connectable with a service observing trunk. 

9. In a telephone system, toll offices, a plurality of 
classes of communication circuits at said offices, the 
various classes of communication circuits generating 
different signals, a service observing trunk circuit for 
each class of communication circuit at each office, means 
to connect any one of said communication circuits with 
the corresponding class of service observing trunk cir 
cuit, a common service observing office, said service 
observing trunk circuits connecting said toll offices with 
said service observing office, operator positions at said 
service observing office, connecting means at said Service 
observing office responsive to the connection of a con 
munication circuit with one of said service observing 
trunk circuits to connect said one service observing trunk 
circuit with one of said operator positions, indicating 
means at each of said positions, means under the con 
trol of said connecting means to render the indicating 
means at said one operator position responsive to sig 
nals generated by the class of communication circuit 
connected therewith, and allotting means for rendering 
only one operator position at a time connectable with 
a service observing trunk of a particular class. 

10. In a telephone system, toll offices, a plurality of 
classes of communication circuits at said offices, the 
various classes of communication circuits generating 
different signals, a service observing trunk circuit for 
each class of communication circuit at each office, means 
to connect any one of said communication circuits with 
the corresponding class of service observing trunk cir 
cuit, a common service observing office, said service 
observing trunk circuits connecting said toll offices with 
said service observing office, operator positions at said 
service observing office, connecting means at said Serv 
ice observing office responsive to the connection of a 
communication circuit with one of said service observ 
ing trunk circuits to connect said one service observing 
trunk circuit with one of said operator positions, indi 
cating means at each of said positions, means under 
the control of said connecting means to render the in 
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dicating means of said one operator position responsive 
to signals generated by the class of communication cir 
cuit connected therewith, and means at each position 
for rendering that position connectable only with a par 
ticular class of service observing trunk. 

11. In a telephone system, toll offices, a plurality 
of classes of communication circuits at said offices, the 
various classes of communication circuits generating 
different signals, a service observing trunk circuit for 
each class of communication circuit at each office, means 
to connect any one of said communication circuits with 
the corresponding class of service observing trunk cir 
cuit, a common service observing office, said service 
observing trunk circuits connecting said toll offices with 
Said Service observing office, operator positions at said 
Service observing office, connecting means at said service 
observing office responsive to the connection of a com 
munication circuit with one of said service observing 
trunk circuits to connect said one service observing trunk 
circuit with one of said operator positions, indicating 
means at each of said positions, means under the con 
trol of said connecting means to render the indicating 
means at said one operator position responsive to signals 
generated by the class of communication circuit con 
nected therewith, and allotting means individual to each 
class of service observing trunk for rendering only one 
operator position at a time connectable with a service 
observing trunk of that class. 

12. In a telephone system, a toll office, a plurality of 
communication circuits at said office, a plurality of service 
observing circuits at said office, manually operated means 
for attaching said communication circuits to said service 
observing circuits, a service observing trunk circuit com 
mon to said service observing circuits, a centralized 
Service observing office, a plurality of pairs of conductors 
connecting said service observing trunk circuit with said 
centralized service observing office, means in each service 
observing circuit responsive to the seizure of the attached 
communication circuit for connecting said attached com 
munication circuit to said service observing trunk circuit 
and with said centralized service observing office over said 
pairs of conductors, and means in said service observing 
trunk circuit selectively operable over said pairs of con 
ductors for disabling the responsive means in a plurality 
of said service observing circuits. 

13. In a telephone circuit, a toll office, a plurality of 
communication circuits at said office, a plurality of service 
observing circuits at said office divided into subgroups, 
manually operated means for attaching said communica 
tion circuits to said service observing circuits, a service 
observing trunk circuit common to said service observing 
circuits, a centralized service observing office, a plurality 
of pairs of conductors connecting said service observing 
trunk circuit with said centralized service observing office, 
means in each service observing circuit responsive to the 
seizure of the attached communication circuit for con 
necting said attached communication circuit to said service 
observing trunk circuit and with said centralized service 
observing office over said pairs of conductors, and means 
in said service observing trunk circuit selectively operable 
over said pairs of conductors for disabling the responsive 
means in the service observing circuits of one or more of 
said subgroups. 

14. In a telephone circuit, a toll office, a plurality of 
communication circuits at said office, a plurality of service 
observing circuits at said office, manually operated means 
for attaching said communication circuits to said 
observing circuits, a service observing trunk circuit com 
mon to said service observing circuits, a centralized service 
observing office, a signaling circuit and an observing cir 
cuit connecting said Service observing trunk circuit with 
said centralized service observing office, means in each 
service observing circuit responsive to the seizure of the 
attached communication circuit for connecting said at 
tached communication circuit to said service observing 
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trunk circuit and with said centralized service observing 
office over said observing circuit, and means in said service 
observing trunk circuit selectively operable over said ob 
Serving circuit for disabling the responsive means in a 
plurality of said service observing circuits. 

15. In a telephone circuit, a toll office, a plurality of 
communication circuits at said office, a plurality of service 
observing circuits at said office, manually operated means 
for attaching said communication circuits to said service 
observing circuits, a service observing trunk circuit com 
mon to said service observing circuits, a centralized service 
observing office, a normally closed signaling circuit and 
an observing circuit connecting said service observing 
trunk circuit with said centralized service observing office, 
means in each service observing circuit responsive to the 
seizure of the atached communication circuit for con 
necting said attached communication circuit to said service 
observing trunk circuit and with said centralized service 
observing office over said observing circuit, means in 
said service observing trunk circuit selectively operable 
over said observing circuit for disabling the responsive 
means in a plurality of said service observing circuits, 
means to open said signaling circuit, and means responsive 
to the opening of said signaling circuit to render said 
selectively operable means effective. 

16. In a telephone circuit, a toll office, a plurality of 
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communication circuits at said office, a plurality of service 
observing circuits at said office divided into subgroups, 
manually operated means for attaching said communica 
tion circuits to said service observing circuits, a service 
observing trunk circuit common to said service observing 
circuits, a centralized service observing office, a normally 
closed signaling circuit and an observing circuit connect 
ing said service observing trunk circuit with said cen 
tralized service observing office, means in each service 
observing circuit responsive to the seizure of the attached 
communication circuit for connecting said attached com 
munication circuit to said service observing trunk circuit 
and with said centralized service observing office over said 
observing circuit, means in said service observing trunk 
circuit selectively operable over said observing circuit for 
disabling the responsive means in the service observing 
circuits of one or more of said subgroups, means to open 
said signaling circuit, and means responsive to the opening 
of said signaling circuit to render said selectively operable 
means effective. 
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