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SERVICE OBSERVING CIRCUITS

Francis C.. Kuchas, Manhasset, and Victor E. Rosene,
Queens Village, N. Y., assignors to Bell Telephone
Laboratories, Incorporated, New York, N. Y., a coz-
poration of New York

Application March 27, 1956, Serial No. 574,268
17 Claims. (Cl. 179—175.2)

This invention relates to telephone systems and has
for its object to improve telephone service by facilitating
the observaticn of such service.

Service observing on subscriber lines appearing both
in manual and dial telephone exchanges has long been
practice. With the advent of toll switching, special means
was required for observing on the trunks and cord cir-
cuits used with such systems and one such arrangement
is disclosed in V. E. Rosene’s prior Patent 2,709,722,
January 31, 1955.

A’ new fleld for service observing arises when sub-
scrivers dial their own long distance calls and switching
and charging means are partly or wholly automatic. The
charging equipment may be located at the office which
serves the calling line. Such equipment is known as
aufomatic message accounting equipment, usually abbre-
viated to AMA. On the other hand, the charging equip-
ment may be located at a central point serving a number
of outlying offices, in which the equipment is known as
centralized automatic message accounting equipment,
usually abbreviated to CAMA. A certain number of
long distance calls would be observed while observing
on the subscribers’ lines but the relative number of such
calls to local calls is so small that an excessive amount
of observation would be necessary in order to collect a
significant amount of data relating to long distance calls.

It therefore becomes desirable to observe on the trunk .

circuits carrying long distance calls.

One type of telephone office ‘provided with charging
equipment for local subscribers is shown in Patent
2,585,904 to A. J. Busch, February 19, 1952, the charg-
ing equipment being disclosed in more detail in Patent
2,599,353 to H. D. Cahill, W. W. Carpenter, and T, L.
Dimond, June 3, 1952. An arrangement by which an
office operates charging equipment for subscribers at
auxiliary offices is shown in the application of Breed-
Cesareo-Germanton-Roberts-Weber-Wingardner, =~ Serial
No. 463,102, filed October 19, 1954, The present inven-
tion is designed to serve an office of the type shown in
the Busch and Cahill et al. patents modified to also pro-
vide centralized charging as disclosed in the application
of Breed et al. In this type of office, connections are
set up under the control of a common control circuit
known as a marker. When a call is to be set up a marker
is seized and the identity and class of the calling line
and the called line or trunk is registered therein. To
obtain access to trunks, connectors known as trunk link
connectors are operated. .

The service observing equipment of the present ar-
rangement is also provided with a trunk connector and
the trunk circuits on which observations are to be made
are wired permanently to the service observing connector.

In accordance with one feature of the invention, the
service observing operator sets up a class indication in
the service observing connector of the class of trunk on
which observations are to be made and this class indica-
tion is extended to all markers. When a marker is called

in to set up a connection, it checks the class of the trynk .
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to be used in that connection against the class indication
received from the observing conmnector and if they are
the same, renders the service observing equipment effec-
tive to extend the trunk to the service observing desk.

Another feature of the invention lies in means effec-
tive if the class indications match for causing the marker
to transmit the called line designation to a register circuit
which later controls the transmission of this number to
the observing operator.

A further feature of the invention includes means for
preventing the release of equipment reached over the
outgoing trunk after the calling subscriber disconnects,
to give the service observing operator an opportunity
to identify toll line signals which may occur.

These and other features of the invention will be more
clearly understood from a consideration of the following

- description read in connection with the drawings in which:

Figs. 1 and 2 show an incoming CAMA trunk, Fig, 1
showing the trunk link termination and Fig. 2 showing
the line link termination;

Figs. 3 and 4 show the observing circuit for observing

~on CAMA trunks such as the trunk of Figs. 1 and 2;
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Figs. 5 and 6 show the observing circuit for observing
on AMA trunks such as that of Fig. 7;

Fig. 7 shows an outgoing AMA trunk;

Figs. 8 to 13 shows the service observing connector,
Fig. 8 showing a plurality of trunk frames, Fig. 9 show-
ing frame connecting relays, Fig. 10 showing the frame
selecting and trunk selecting equipment, Fig. 11 showing
the trunk connecting relays, Fig. 12 showing a part of
the service observing trunk and associated trunk reduc-
tion and trunk identification circuits, Fig. 13 showing the
remainder of the service observing trunk;

Fig. 15 which appears on the same sheet as Fig. 4
shows a part of a marker; and

Fig. 14 shows the complete service observing arrange-
ment in diagrammatic form with the location of Figs. 1
to 13 indicated thereon.

In the drawing the relay contacts are shown detached
from the relay windings, the relay windings are given
letter designations, prefixed by the number of the figure
in which the winding appears and the relay contacts are
identified by corresponding designations. Contacts which
are closed when the relay is deenergized are represented
by a single short line perpendicular to the lines repre-
senting the connecting conductors while contacts which
are closed when the relay is operated are represented by
a cross or an X at the junction of the connecting con-
ductors.

A brief description will first be given of the general
operation of a telephone office of the type to which the -
service observing arrangement applies. Such an office
may establish local calls, outgoing calls to local offices
and incoming calls from other offices. In addition, it
may serve as a tandem point conneciing an incoming
trunk from one office with an outgoing trunk to a third
office.

Referring to Fig. 14, when a call originated at the
local subscriber substation 1400, which is to be extended
to a distant office, the designation of the wanted line to-
gether with the identification of the calling line is regis-
tered in the marker 1401. The manner in which. this
takes place is completely described in the above-identified
Busch patent. The marker then selects a trunk link
frame such as frame 1404 having an idle outgeing trunk
such as trunk 1462 and operates the trunk link connector
1403 having access to the selected trunk link frame 1404,
after which the marker selects and connects with the idle
trunk 1402. The marker then operates line link con-
nector 1405 having access to the line link frame 1406 at
which the calling line 1400 appears, tests for an idle
channel over which line 1460 may be connected to trunk -
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1402 and completes a connection between the line and the
trunk. While the marker is selecting an idle trunk it also
selects an idle outgoing sender such as sender 1407, oper-
ates the outgoing sender connector 1408, transmits the
calling line identity and the called line designation to the
outgoing sender and operates the the outgoing sender link
1469 to connect sender 1407 with trunk 1402. When this
connection has been completed and the marker has
checked that all of the necessary information has been
passed to the sender, the marker operates an advance re-
lay in the sender and releases. The outgoing sender 1407
then operates the transverter connector 1419 to initiate the
initial entry by the charging equipment. This equipment
is the same as that disclosed in the above-identified Cahill
et al. patent and has therefore not been shown. The
outgoing sender 1409 controls the completion of the con-
nection and then releases.

If a call is originated at substation 1411 appearing at
an auxiliary office such as the step-by-step office 1412,
either for a subscriber at the main office such as the sub-
scriber at substation 1400 or for a subscriber at some
other auxiliary office reached through the main office, the
substation 1411 will be extended through the office 1412
and an oufgoing trunk 1413 at that office to an incoming
trunk at the main office such as trunk 1414, When
trunk 1414 is seized it operates the incoming register link
1415 to connect with an idle incoming register such as
register 1416. The designation of the wanted subscriber
is transmitted from the auxiliary office 1412 to the in-
coming register 1416. When the registration has been
received, register 1416 operates the incoming register
marker connector 1417 to connect with an idle marker
1401. As soon as the marker is seized by an incoming
register, it operates the sender connector 1408 to select
an outgoing sender equipped for CAMA, such as sender
1418, and passes to it the identity of the incoming trunk
and the designation of the wanted line. The marker also
connects sender 1418 through the outgoing sender link
1419 with the incoming trunk 14i4. In addition, the
marker operates switches on the line link frame 1406
and the trunk link frame 1404 to connect the incoming
trunk either with a substation such as substation 1400,
using the trunk link appearance of the incoming trunk
1414, or with the outgoing trunk 1420, using the line
link appearance of the incoming trunk 1414, according
to the designation registered therein. When the marker
indicates to the sender 1418 that it is ready to release, the
sender 1418 is connected through the outgoing sender link
1419 and the trunk 1414 with the calling substation. The
sender 1418 operates position link 1421 to select an oper-
ator at the centralized operator’s position 1422. The
operator then asks the calling subscriber for his designa-
tion and registers the number in the sender 1418 by op-
erating a key set at her position. The sender 1418 then
operates the transverter connector 1410 to cause the
proper charging entry to be made. If the call is for
substation 1400, the sender 1418 now releases.
call is for a subscriber reached over trunk 1420, the
sender 1418 transmits all or a part of the designation to
the distant office and then releases.

“Service observing desk 1423 may be located at the
majn office or may be located at some other office. The
desk 1423 is connected with the service observing circuits
by means of the trunk 1424 including three pairs of con-
ductors over which signaling and monitoring may take
place. This desk is essentially the same as that disclosed
in the above-identified Rosene patent. The desk may
observe on either locally originated calls or on calls orig-
inated at an auxiliary office but can cbserve on only
one type of call at a time. Means are provided at the
desk 1423 to indicate to the control circuit 1425 what type
of calls are to be observed and whether there is a position
at the desk waiting for a call. According to the type of
call to be observed, the control circuit 1425 renders either

the local observing circuit (AMA) 1426 or the central-
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ized observing circuit (CAMA) 1427 effective. It also
indicates to all markers what observations are being made
and directs the connection of trunks of the proper type to
the effective service observing circuit. The called number
is obtained from the marker which'is connected to the
service observing register 1428 by means of the service
observing register connector 1429 under the control of
either service observing circuit when a call is to be ob-
served. Later the register 1428 transmits the number
to the desk 1423.

OPERATION OF TRUNK CIRCUITS
CAMA trunk

When the incoming trunk circuit of Figs. 1 and 2 is
seized at the distant office, a loop circuit is closed which
may be traced from ground through the left winding of
relay 1-AE, back contacts of relay 1-RV and 1-MB, tip
conductor 100 of the incoming trunk, loop circuit at the
originating office, ring conductor 101, back contacts of
relays 1-MB and 1-RV to battery through the right wind-
ing of relay 1-AE. Relay 1-AE operates in this circuit
and closes a circuit from battery, front contact of relay
i-AE, winding of relay 2-B to ground over the back
contact of relay 1-RC or the back contact of relay 1-CH.
It also closes a circuit from battery over the front con-
tact of relay 1-AE, back contacts of relays 2-BY, 2-R
and 2-D to the start conductor 200 of the incoming
register link to initiate the connection of the trunk circuit
with an incoming register. Relay 1-AE also connects
ground over its front contact to conductors 201 and 202
to prepare for transmitting the designation as received
from the calling office to the sender, conductor 201 ex-
tending over a temporary by-link and conductor 202
forming one side of the usual pulsing circuit which ex-
tends through the link switch when the link operation is
completed.

Relay 2-B connects battery over a front contact of
relay 2-B through the resistor 2-BR to conductor 203
forming the other side of the pulsing circuit. Relay 2-B
also connects ground to conductor 224 leading towards
the service observing control circuit, the purpose of which

--will appear hereinafter.
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As soon as the by-link is closed, the link circuit con-
nects battery to conductor 204 and ground to conductor
205, completing a circuit through the left winding of relay
2-R over a back contact of relay 2-BY, operating relay
2-R. Relay 2-R closes a holding circuit for itself from
ground through its right winding to battery over con-
ductor 203. With relay 2-R operated, the start conduc-
tor 200 is connected over a back contact of relay 2-D,
front contact of relay 2-R, and back contact of relay
2-BY to battery over conductor 204 and is disconnected
from the battery supplied as previously traced over the
front contact of relay 1-AE. When the link switch has
operated, conductors 202, 203, 266 and 207 are connected
directly to the selected incoming register. Relay 1-AE
responds to the digits pulsed over the incoming trunk and
repeats the pulses over conductor 201 or conductor 202
to the incoming register.

When the register has received the complete designa-
tion, it connects ground to conductor 206, completing a
circuit for operating relay 2-D which connects the incom-
ing conductors 180 and 101 through to the talking con-
densers 1-T and 1-R. Relay 2-D closes a locking circuit
for itself over front contacts of relays 2-D and 2-R.
When relay 2-D operates, it closes a circuit from ground
over a back contact of relay 1-CH, back contact of relay
1-RC, front contact of relay 2-D to battery through the
winding of relay 1-RV. Relay 1-RYV, in operating, re-
verses the connection of battery and ground to conduc-
tors 160 and 101 which would serve as a start-dial signal
if the trunk had been seized by an operator or a distant
sender.

With relay 2-D operated, ground is connected through
resistor I-A to conductor 117 to supply ground for hold-
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ing the switches to be included in the connection. Relay
2-D) also prepares a number of other circuits which will
be traced when they are completed. : )
* After the incoming register has received the designa-
tion, it calls in a marker to which it passes the called line
designation, and the marker determines from the designa-
tion whether a local subscriber or a distant subscriber is
wanted and recognizes that the call is one requiring mes-
sage billing. The marker therefore selects a special
sender equipped for message accounting, prepares the out-
going sender link, and connects battery to conductor 207
operating relays 2-LF and 2-TF. Relay 2-LF connects
conductors 208 and 209 together to operate the hold mag-
net individual to the trunk in the sender link, the hold
magnet remaining operated under the control of the spe-
cial sender. The marker passes the called line designa-
tion to the special sender and disconnects. The special
sender calls in an operator whose position is connected
over conductors 213 and 214, condensers 1-J and 1-K,
condensers 1-T and 1-R, front contacts of relay 2-D,
front contacts of relay 1-RV, and back contacts of relay
1-MB to conductors 100 and 101 and thence to the call-
ing line. ~The calling subscriber is asked for his line desig-
nation and the operator registers the number given in the
special sender.

" The special sender then connects ground to conductor
210, completing a circuit over a back contact of relay
2-TC to conductor 211 to cause the accounting equipment
to make the initial entry. When the initial entry has been
completed, the accounting equipment connects ground to
conductor 212 completing a circuit from battery through
resistor 2-GA, winding of relay 2-TC, back contact of
relay 2-TC to ground on conductor 212, operating relay
2-TC. Relay 2-TC locks over its own front contact and
a front contact of relay 2-D to ground.

After the initial entry has been made by the billing
equipment, the special sender controls the completion of
the connection, using another marker. Fora local termi-
nation relays 2-LF and 2-TF are again operated when
the marker seizes the trunk link connector. With relay
2-LF operated, battery through resistor 1-D is connected
over a front contact of relay 2-LF to conductor 104 to
operate a relay individual to the trunk on the trunk link
frame. The marker controls the ringing selection switch,
first grounding conductor 105 to complete a circuit over
a front contact of relay 2-LF to battery through the wind-
ing of relay 1-RC. Relay 1-RC operates and closes a
locking circuit for itself over a back contact of the charg-
ing relay 1-CH, front contact of relay 1-RC, back con-
tact of the ringing trip relay 1-RT, conductor 106, and
through the ringing selection switch to ground supplied
over a front contact of relay 2-D and conductor 107.
With relay 1-RC operated, the marker completes a cir-
cuit over conductor 108, front contact of relay 1-RC,
front contact of relay 2-LF, front contact of relay 2-D
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rent, which is connected through the winding of relay,
1_RT to conductors 112 and 113 by the ringing selection
switch is extended over front contacts of relays 1-PU and
1-RC to conductors 114 and 115 leading toward the called
line. When the called subscriber answers, relay 1-RT
operates, releasing relay 1-RC. With relay 1-RC re-
leased, conductors 114 and 115 are extended to the wind-
ings of relay 1-S causing that relay to operate. .

When relay 2-D operated, circuits were prepared for
the timing tube 1-CHT. Positive battery is normally
connected to the main anode of the tube 1-CHT and is
connected through resistors 1-D and 1-E to condenser
1-B and ground. With relay 2-D operated, condenser
1-B is connected to the control anode of tube 1-CHT and
the upper winding of relay 1-CH is included in a circuit
extending from the cathode of tube 1-CHT, front contact
of telay 2-D, upper winding of relay 1-CH, back con-
tact of relay 1-CH, front contact of relay 2-B, back con-
tact of relay 2-TF, front contact of relay 2-D to ground,
Until relay 1-S operates, ground is connected over a back
contact of relay 1-S, back contact of relay 2-T, and a
back contact of relay 1-CH to resistor 1-E in shunt of
the positive battery through resistor 1-D. When relay
1-S operates, this shunt is opened and condenser 1-B
charges. When this charge reaches the breakdown: po-

" tential of tube 1-CHT, the tube breaks down and relay
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to conductor 110 to operate the hold magnet of_ the ring- -

ing selection switch.

When relay 1-RC operates at this time, the circuit of
relay 1-RV is opened and the connection of battery and
ground to conductors 100 and 101 is restored to normal.

60

Relay 1-CH, in operating as later described, holds the cir-

cuit of relay 1-RV open.

When the ringing selection switch has been operated,
the marker releases, in turn releasing relays 2-TF and
2-LF leaving the hold magnet of the ringing selection
switch held over conductor 110, front contact of relay
2-D, back contact of relay 2-LF, conductors 106 and 107
to ground over a front contact of relay 2-D. The ringing
selection switch at the beginning of the ringing cycle con-
nects ground to conductor 111 completing a circuit over
a front contact of relay 1-RC, back contact of relay
1-CH, front contact of relay 2-D to battery through the
winding of relay 1~PU. Relay 1-PU operates and locks
over one of its front contacts and front contact of relay

2-D to ground, - With relay 1-FU operated, ringing cur-
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1-CH operates. Relay 1-CH locks in a circuit from
battery through its lower winding over its own front con-
tact, a front contact of relay 2--B, back contact of relay
2-TF, front contact of relay 2-D, and ground, opening
at its back contact the circuit through its upper winding
to quench the tube 1-CHT.

Wwith relay 1-CH operated, ground supplied to con-
ductor 109 from the ringing selection switch completes
a circuit over a front contact of relay 1-CH, front con-
tact of relay 2-TC, winding of relay 2-MA to battery
through resistor 2-GB. Relay 2-MA operates and locks
to ground over its own front contact. With relay 2-MA
operated, conductor 215 is connected over a front con-
tact of relay 2-MA and a front contact of relay 2-TC to
conductor 211 to initiate the operation of the account-
ing equipment to make the answer entry. When the an-
swer entry has been completed, the accounting equipment
connects ground to conductor 216 which extends over a
back contact of relay 1-RC, front contact of relay 2-D,
front contact of relay 2-MA, front contact of relay 2-TC
to battery through resistor 2-GA in shunt of the winding
of relay 2-TC causing relay .2-TC to release to indicate
that the answer entry has been completed. o

When the calling subscriber releases, relay 1-AE ‘re-
leases, in turn releasing relays 2-B, 2-R and 2-D. With
relay 2-D released, conductors 211 and 215 are connected
together over a front contact of relay 2-MA and a back
contact of relay 2-D to initiate the disconnect entry. At
the end of the disconnect entry, ground is connected to
conductor 216 which is extended at this time over a back
contact of relay 1-RC, back contact of relay 2-D and a
front contact of relay 2-MA to battery through resistor
2_GB in shunt of the winding of relay 2-MA causing re-
lay 2-MA fo release. .

If the called substation disconnects first, the disconnect
entry is delayed. The release of relay 1-S closes a circuit
from ground over a back contact of relay 1-S, back con-
tact of relay 2-T, front contact of relay 2-D, front con-
tact of relay 1-CH through the heater winding of thermo-
static relay 1-RL. After an interval, relay 1-RL closes
its contact completing a circuit from ground over the con-
tact of relay 1-RL, front contact of relay 2-MA to
battery through the winding of relay 1-RC. Relay 1-RC
operates and locks to ground over its own front contact

- in parallel with the contact of relay 1-RL and, with re-

7

lay 1-RC operated, conductors 211 and 215 are connected
together to initiate a disconnect entry as previously de-
scribed. 'With relay 1-RC operated, ground is connected
to conductor 222 leading to the accounting equipment
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to indicate fhat the disconnect entry has been delayed.
When-the disconnect entry is .completed, relay 2-MA is
shunted and.-teleased, opening:the locking circuit for relay
1-RC, permitting that relay to release. Relay 1-RC, in
operating, disconnects conductors 114 and 115 from the
windings -of relay 1-S .causing that relay to release, and
in turn, release relay 1-CH. With relays 1-S and 1-CH
released, the circuit for- relay 1-RL is opened- and - that
relay opens its contacts. However the switches :are not
released until ‘both. subscribers have: disconnected or un-
til a time interval -elapses following disconnect by the
calling subscriber,-since ground is connected to ‘conduc-
tors 117 and 217 over a front contact of relay 2-D which
is held operated under-the control.of the calling line and
over a-back-contact of relay 1-RC and a front contact of
relay 1-CH. Relay.1-CH is -normally held .operated un-
der the control of the.calling line, ‘but is also held op-
erated in-a circuit from battery through its lower wind-
ing and .over: its own front-contact, back contact-of relay
2-B and front contact of relay 1-Sif the called line holds
after the calling line disconnects. Under this. condition
ground is.also connected. over. a front. contact: of relay
1-S, back contact of relay- 2-D, front contact .of relay
1-CH to the heater winding of thermostatic relay 1-RL.
Relay 1-RL operates relay 1-RC as-above described; re-
leasing relays 1-S and 1-CH and disconnecting .ground
from conductors 117 and 217.

If the call is to be extended through the main office to
another office, the marker obtains access to the trunk over
the line link termination shown in Fig. 2, connecting
ground to conductor 217 during:the time that relay 2-TF
is operated:to -operate relay 1-TS. After relay 2-TF is
released, relay 1-TS remains operated in a circuit from
battery ‘through its winding, back contact of relay 2-TF,
front contact of relay 1-TS, front contact of relay 2-D
to ground. In addition; relay 2-TF, while operated,
closes a circuit through the winding of relay 2-TF1 op-
erating the latter relay. Relay 1-TS closes a biasing cir-
cuit through the lower winding of supervisory relay 2-SV.
Relay 1-TS also disconnects the incoming talking circuit
from conductors 114 and 115 leading to the trunk link
frame and connects them over conductors 118 and 119
and back contacts of relays 2-TB and 2-T to the left
windings of repeating coil 2-A. When the marker has
completed its operations and releases relay 2-TF, the up-
per winding of relay 2-SV is connected through the right
windings of repeating coil 2-A over conductors 218 and
219 and the link. switches to the outgoing trunk. Relay
2-TF, in releasing, opens the circuit of relay 2-TF1
which is slow to release and
tion of relay 2-T in response to the initial off-hook signal
provided by the intertoll trunk.

The initial entry is made, as previously described, re-
sulting in the operation of relay 2-TC. When relay

2-SV operates in response to an answer by the called ¢

subscriber, a circuit is closed from ground over the front
contact of relay 1-TS, front contact of relay 2-SV, back
contact of relay 2-TF1 to battery through the winding
of relay 2-T. Relay 2-T operates and closes a circuit
from ground over a back contact of relay 1-CH, front
contact of relay 1-TS, front contact of relay 2-T to battery
through the winding of relay 2-TA. Relay 2-TA operates
in this circuit and locks over a front contact of relay
2-TA, front contact of relay 1-TS, back contact of relay
1-CH to ground. With relay 2-T operated, the talking
circuit remains dependent upon back contacts of relay
2-TB. With relay 2-T operated, the shunt around con-
denser 1-B is opened and tube 1-CHT functions to op-
erate relay 1-CH as above described. Relay 1-CH op-
erates relay 2-MA, as before, to initiate the answer entry
which is followed by the release of relay 2-TC.

‘When the called subscriber disconnects, relay 2-SV
releases, in turn releasing relay 2-T. Release by the
calling subscriber reléases relays 1-AE and 2-B to initiate
the disconnect entry as above described. The release of

thereby prevents the opera- |
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relay 2-T closes a circuit. fioii ground over a back coi«
tact of rélay 1-CH, front cofitact of relay 1-TS, back
contact- of relay 2-T, front  contact of _'ré.l'ay_'-Z—TA to
battery through the winding of rélay 2-TB. -Relay 2-TB
opérateés in.this circuit and disconnects the repeating coil
2-A Trom.the incoming end of the trunk. If the calling
subscriber délays disconnection, the rélease of relay 2-T
closés the previously traced circuit for operating thermo-
static relay 1-RL which functions as above to cause the
disconnect entry to'be madé. When both subicribers have
disconnected relay "1-TS releases and restores the tiunk
to its normal.condifion. »

When the marker first.operates the relay 2-TF, .ground
is connected to conductor 220 léading to the service-
observing connector of. Figs. 8 to 13 to inifiate connec-
tion of the trunk with the Sei‘vicgjobéewing equipment.
When the connector selects this trunk for observation and
connects it through to the equipment, branches of con-
ductors 213 -and.2i4 as well as the conductors 224 and
221 are connected to the service observing circuit,

It may be noted that. the special outgoing..sender and
the CAMA operator are used for local subscribers on
party lines having more.than two parties. For such. calls,
a junctor dircuit is used which connects an outgoing
appearance on the trunk link frame with an incoming
appeararice on the line link. frame of the same office unit
or on the line-link frame of -a_second office unit, the call
being completed- over a simple outgoing trunk. These
junctors are also observed, but for simplicity have not
been illustrated in detail.

AMA trunk

The outgoing-trunk-of iFig: 7-appedis oii thé tiunk link
frame. When the trunk is-idle, it connects -ground to
conductor-700 over-back tontdcts of. relays 7-D, 7-MA,
7-TM -&nd. 7-SL. The -marker uses . this conductor to
select: an-idle trunk link : frame: having-an :idle trunk of
the desired-route; Conductots 791 .and 762 are-also con-
nected together when. the trunk issidle :over back contacts
of relays 7-D, 7-MaA; 7-TM, 7-S1- and the winding - of
relay 7-F. The matker uses these conductors to “test
for-an idle trunk after having selécted the trunk frame,
connecting ground-to conductor 702:and a test relay to
condu¢tor 701. When this' trunk is selected to be used,
low resistance battery is ‘contiected to conductor 701 op-
erating relay 7-F. Relay 7-F; in dperating, locks to
conductor 702 independent of ‘relays 7-81; etc. Relay
7-F also connects ground over back contacts of relays
7-CS8, 7-GH; 7-TC aad the front contact of relay 7-F
to conductor 703 ‘to opcrate -a relay individual to the
trunk-on the trunk lifik -frame to give the marker .access
to the trunk and to the outgoihg: connection. With relay
7-F operated; the control circuits for the timing tube
7-CHT ‘are-opened to prevent false cHarge. At the same
time that the above operations - are taking place; the
marker selects an idle outgoing sender and prepares a
circuit -for operating the -sender link. With relay 7-F
operated;- conductors 704-and 705 are connected together
to operate the hold magret of the sender link, the hold
magnet remaining-operated: under the control of the out-
going sender. When the trunk has beén connected with
the: sender; the sender connects -ground :to conductor 706
completing a -circuit thrbugh the ‘tight ‘winding of relay
7-D, operating - that relay. Relay 75D disconnects the
outgoing tip and ring conductors 707 and 768 from the
trunk circuit. Branches of condiictérs: 767 and 708 ex-
tend over conductors 725 and. 72§ through the sender
link:to the sender so that the sendér can signal-the distant
office as required to set up the connection” in that office.

With -relay 7-D operated, ground connected to con~
ductor 711 by the marker is extended over a.front con-
tact of relay 7-F, front contact of relay 7D, back contact
of relay 7-CH, front contact of relay 7-D ‘to battery
through the winding of relay 7-S1. Relay 7-S1 operates
and connects ground through resistor 7-A to conductor
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712 to hold the line link and trunk link frames after the
trunk link connector circuit has been released.

Relay 7-S1, in operating, closes an operating circuit
for relay 7-S2, and that relay operates, locking over its
own front contact, back contact of relay 7-CH, front
contact of relay 7-D to ground.

When the marker has completed its functions, it re-
leases relay 7-F, in turn releasing the trunk link relay,
causing the subscriber’s line to be connected to conductors
709 and 716 and completing a circuit over back contacts
of relay 7-TM through the windings of relay 7-S, to
‘ground and battery. Conductor 712 is extended to the
hold magnets of the established connection. Relay 7-S
operates in series with the calling line, completing a hold-
ing circuit for relay 7-S1 which may be traced from
battery through the winding of relay 7-S1, front contact
of relay 7-D, back contact of relay 7-CH, front contact
of relay 7-8, front contact of relay 7-S1 to ground. Re-
lay 7-S1 is slow to release to hold over the time between
the removal of ground from conductor 711 by the marker
‘and the operation of relay 7-S over the subscriber’s
line.

When the marker has disconnected, the sender causes
the initial entry to be made, connecting ground to con-
ductor 718 which extends over a back contact of relay
7-TM, back contact of relay 7-F, back contact of re-
lay 7-TC to conductor 713 leading to the AMA equip-
ment. When the initial entry has been made, the AMA
equipment connects ground to conductor 714, completing
a circuit over a back contact of relay 7-TC through the
winding of relay 7-TC to battery through resistor 7-GB.
Relay 7-TC operates and locks over one of its front con-
tacts and the front contacts of relays 7-S1 and 7-S2 to
ground. When the initial entry has been completed, the
outgoing sender is released. The sender, in releasing,
releases relay 7-D extending the trunk conductors 767
and 708 over back contacts of relay 7-TT, back con~
tacts of relay 7-D, front contacts of relay 7-S1, and back
contacts of relay 7-OF to the winding of polarized relay
7-CS. When the called subscriber answers in response
o ringing current supplied at the distant office, a reverse
battery signal is received over conductors 707 and 708
causing relay 7-CS to operate. )

Following the release of relay 7-D, relay 7-S1 holds
operated over the back contact of relay 7-D to ground
over the front contacts of relays 7-S and 7--S1.

When relay 7-F released and relay 7-S2 operated, the
circuit for relay 7-CH was prepared. High ‘voltage posi-
tive battery is normally connected to the main anode of
tube 7-CHT. The control cathode is connected over a
back contact of relay 7-F, front contact of relay 7-82,
condenser 7-B and through resistors 7-C and 7-D to
high voltage positive battery. Until relay 7-CS operates,
ground is connected over a back contact of relay 7-CS
and the back contact of relay 7-CH to resistor 7-D in
shunt of the positive battery, holding condenser 7-B dis-
charged. The cathode of tube 7-CHT is connected over
a back contact of relay 7-F through the left winding and
back contact of relay 7-CH to ground over front contacts
of relays 7-S, 7-S1 and 7-S2 in parallel. When relay
7-CS operates, removing the shunt from resistor 7-D,
condenser 7-B starts to charge, and when the charge
reaches the breakdown potential of tube 7-CHT, that
tube breaks down, operating relay 7-CH. Relay 7-CH
closes a locking circuit for itself from battery through
its right winding over its own front contact to ground
‘over front contacts of relays 7-S, 7-S1 and 7-S2 in par-
allel. Relay 7-CH, in operating, opens its operating cir-
cuit to quench tube 7-CHT. Relay 7-CH closes a circuit
from ground over the front contacts of relays 7-S, 7-S1
and 7-S2 in parallel, front contact of relay 7-CH, front
contact of relay 7-TC, winding of relay 7-MA to battery
through resistor 7-GA. Relay 7-MA operates and locks
Qver its own front contact to ground, 7 o
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With relay 7-MA operated, ground supplied to cotie
ductor 713 from the AMA equipment is connected over
a front contact of relay 7-TC and the front contact of
relay 7-MA to conductor 715 causing the answer entry
to be made. When the answer entry has been completed,
ground is connected to conductor 716, completing a cir-
cuit over front contacts of relays 7-S2, 7-MA and 7-TC
to resistor 7~GB in shunt of the winding of relay 7-TC,
causing relay 7-TC to release, in turn dismissing the

charging equipment.

The release of the connection is normally under the
control of the calling subscriber. When the calling sub-
scriber disconnects, relay 7-S releases, in turn releas-
ing relays 7-S1 and 7-S2. With relay 7-S2 released, con-
ductors 713 and 715 are again connected together to ini-
tiate the disconnect entry. When the disconnect entry
has been completed, ground is again connected to conduc-
tor 716 and, with relay 7-S2 released, this ground is ex-
tended over a back contact of relay 7-S2, front contact of
relay 7-MA to battery through resistor 7-GA in shunt of
the winding of relay 7-MA causing the latter relay to
release. The release of relays 7-S, 7-S1, and 7-S2 re-
leases relay 7-CH. The release of relay 7-MA following
the disconnect entry again connects ground to conductor
700 and prepares the circuit for relay 7-F thereby mark-
ing the trunk available to the marker. The release of re-
lay 7-S1 also disconnects the winding of relay 7-CS from
conductors 707 and 708 to pass a disconnect signal to the
distant office.

If the called subscriber disconnects first, the release
of relay 7-CS closes a circuit from ground over the back
contact of relay 7-CS, front contact of relay 7-CH, back
contact of relay 7-D through the heater winding of ther-
mostatic relay 7-RL. If the calling subscriber discon<
nects promptly thereafter, the release of relay 7-CH
opens the circuit of relay 7-RL and disconnection takes
place as above described. If the calling subscriber con-
tinues to hold until relay 7-RL closes its contact, a cir-
cuit is closed from ground over the contact of relay 7-RL
through the right winding of relay 7-D to battery. Relay
7-D, in operating at this time, locks in a circuit from
battery through its right winding over its own front con-
tact and the front contact of relay 7-MA to ground. Re-
lay 7-D also opens the circuit of relay 7-RL to permit
the heater to start cooling. Relay 7-D opens the circuit
of relay 7-S1 which releases, in turn releasing relay 7-S2.
With relay 7-S2 released, the disconnect entry is made
as above described except that with relay 7-D operated,
ground is connected over the back contact of relay 7-CS;
front contact of relay 7-CH, which is held operated under
the control of relay 7-S, front contact of relay 7-D, front
contact of relay 7-MA to conductor 717 to cause a time-
out indication to be given to the accounting equipment
so that the accounting center may adjust the time of the
call for the time-out period.

In order to prevent overtime charges due to delay in
obtaining access to the charging equipment, the release
of relay 7-S1 closes a circuit from ground over back con-
tacts of relays 7-S1 and 7-TM and the front contact of
relay 7-MA to the heater winding of the timed release
relay 7-TR. The normal release of relay 7-MA opens
the heater circuit for relay 7-TR; but, if due to delay,
relay 7-TR closes ifs contact, it shunts relay 7-MA re-
storing the trunk to.normal without making a disconnect
entry. .

Relay 7-TM is operated if the trunk is used to set up
a tandem call in which case the supervisory relays 7-S
and 7-CS do not function and charging is performed
elsewhere in the connection. Relay 7-TT is used whén
the trunk is seized on a test call. If the sender cannot
complete the connection, it operates relay 7-OF over
conductor 728 to provide interrupted tone on a subscriber
¢all and interrupted ground on a tandem call. B

- ‘This type of trunk is connected with the service observs:



2,816,966

11
ifg circuit by a number of conductors, including ‘branches
of corfdirctors 712, 703, 765, 725 and 726. Conductor
720 is connéctéd to the ‘make-busy conductor 727 when
the trunk is normal, ahd conductor 722 is connected to
cor-duc’mr 7"0 when a plLIU is mserted in a make-busy
to ground when rélay 7—-CS operates
extends t6 the winding of relay 7-S1 and, therefore, to
the operating 'and locking circuits for th1s felay. ‘Con=
ductors 725 and 726 are the conductors by which the
sendér is connected to the outgoing conductors 707 dnd
708. The function of thesé comnections - between the
tiunk and the service observing circuit will appear hefe-
inafter. )
SERVICE OBSERVING EQUIPMENT
Service observing trunk circuit

The operatxon of the service observing connector cir-
cuit, shown in Figs. 8 to 13, in interconnecting a trunk
with the individual service observmg circuit will be de-
scribed first. The service observing desk is connectéd
with the observing equipment at the office to be observed
by means of ‘a six-conductor trunk which terminates in
the service observmg trunk circuit of Fig. 13, is connected
with the service observing connector circuit and is ex-
tended to one or the other service obsérving circuit in
accordance with the type of call to be observed. Of these
conductors, conductors 1300 and 1301 are uséd initially
for carrying signals from the desk to the service observing
equipment. Conductors 1302 and 1303 are used chiefly
for transmitting designations to the desk while conductors
1304 and 1305 are used chiefly for monitoring. All of
these pairs have other functions which will appear here-
inafter.

When the service observing equipment is idle, conductor
1300 is connected over a back contact of rélay 13-DC,
right ‘winding of polarized relay 13-PB, resistors 13-Y1,
and 13-Y, right and left windings of marginal telay 13-ST,
left winding of relay 13—-PB, back contact of relay 13-DC
to conductor 1301.

Conductor 1302 is connected through the right upper
winding of repeating coil 13-T1, back contact of relay
12-STH1, right winding of marginal relay 13-CAM, wind-
ing of relay 13-MA to ground, while conductor 1303 is
connected through the lower right winding of repeating
coil 13-T1, back contact of relay 12-ST1, left winding of
relay 13-CAM, resistor 13-TB to battery.

Conductor 1304 extends through the upper right wind-
ing of repeating coil 13-T, resistor 13-AD, left winding
of polarized relay 13-D, back contact of relay 12-ST2,
left winding of marginal relay 13-FCA, back contact of
relay 12-ST2 to.ground. Conductor 1305 extends through
the lower right winding of repeating coil 13-T, resistor
13-AD1, back contact of relay 12-ST1 to battery through
resistor 13-TB1 and in parallel therewith through the right
winding of relay 13-D, back contact of relay 12-ST2, re-
sistor 13—TG to ground.

With the observing circuits in this condition the opera-
tor at the observing desk may set the class of observation
and, if desired, may set the trunk reduction circuit. To
set the class of observation, a key is provided at the
service observing desk associated with conductors 1302
and 1303, If AMA calls to foreign areas only are to be
observed, this key is left in its normal position and neither
relay 13-CAM nor relay 13-MA is operated. When
AMA calls within the home area as well as calls to foreign
areas are to be observed, the key at the service observing
desk is thrown to a position in which a high resistance
bridge is connected across conductors 1302 and 1303,
operating relay 13-MA. With relay 13-MA operated,
@ circuif is closed from ground over a front contact of
‘telay 13-MA, back contact of relay 13-CA1, winding of
relay 13—MA1 to battéry. Relay 13-MA1 operates in
this circuit and prepates a locking circuit for itself over
the front confact of rélay 12-ST1 which becomes-efféctive
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when the circuit is put into service. Relay 13-MA1 is
slow to release so that it remains operated after relays
13-CAM and 13-MA are disconnected from trunk con-
~ductors 1302 and 1303 until relay 12-ST1 closes its front
<ontact. Relay 13-MA1 in operating closes an obvious
circuit for relay 13-HFA. If only CAMA calls are to be
-obsérved, the class key at the service observing desk is
‘op'e'r'ated to a position to place a low resistance bridge
-across conductors 1302 and 1303, operating both relay
13=MA and relay 13-CAM. Relay 13-CAM closes an
:cbvious circuit for relay 13-CA1 which prepares a lock-
ing circuit for itself under the control of relay 12-ST1
and is also slow to release to cover the operate time of
Telay 12-ST1. Relay 13-CAl, in turn operates relay
13-CA2 and relay 13-CA2 closes an obvious circuit for
-operating relay 13-CMA. Relay 13-CAl, when oper-
‘ated, opens the operating circuit for relay 13-MA1 so
‘that the operation of relay 13-MA is ineffective under
this condition. Referring to Fig. 12, it will be seen that

‘with relays 13-CMA and 13-HFA both deenergized,

ground is connected to conductor 1201 to cause the marker
to mark AMA trunks used in connection with foreign area
calls for observation, With relay 13-HFA operated,
ground is connected to conductor 12€0 to cause the marker
to mark AMA trunks used for both home and forexgn
area calls. With relay 13-CMA operated, ground is con-
nected to conductor 1202 to cause the marker to mark
CAMA trunks for observation.

The trunk reduction circuit 1206 is similar to the cir-
cuit included in the above-identified Rosene patent and
is operated under the control of a key associated with
‘conductors 1304 and 1305. With this key in its normal
position, neither relay 13-D nor 13-FCA is operated and
the whole group of trunks is subject to observation. With
this key in one off-normal position, conductors 1304 and
1305 are connected together directly and relays 13-D and
13-FCA are both operated. With this key in its other

off-normal position, conductors 1304 and 1305 are con-
nected together over a high resistance bridge, causing
relay 13-D to operate alone. Relay 13-D, when operated,
with relay 13-ST2 normal, connects ground to conductor
1203 to cause trunk reductxon circuit 1206 to select one
subgroup of trunks for observation. On the other hand,
relay 13-FCA operated with relay 12-ST2 normal con-
nects ground to conductor 1204 to select a different sub-
group of trunks for observation. Trunk reduction circuit
1206 is held in its set condition under the control of
relay 12-ST1.
. When the service observing desk is placed in service, a
key is operated at the desk which connects battery to
conductor 1300 and ground to conductor 1301. Relays
13-ST and 13-PB operate in response to this signal.
Relay 13-ST closes a circuit from ground over its front
contact, back contacts of relays 12-AL and 12-AR to
battery through the winding of relay 12-ST1. Relay
12-ST1 operates and closes an ‘obvious circuit for oper-
ating relay 12-ST2.

Relay 12-ST1 disconnects conductors 1302 and 1303
from the class selection relays 13—CAM and 13-MA, and
extends them through resistors 13-AA and 13-AB to-
ward the service observing circuits. Assuming that the
class selected is AMA, the observing circuit of Figs. 5
and 6 will be used and conductors 1302 and 1303 will
be extended through the right windings of repeating coil
13-T1 over front contacts of relay 12-ST1 through re-
sistors 13-AA and 13-AB and conductors 1396 and 1307
to the observing circuit of Figs. 5 and 6. A branch of
conductor 1306 extends through resistor 13-X and over
conductor 1308 to Fig. 5.

Relay 12-ST1 also disconnects conductor 1305 from
battery through resistor 13-TB1, and with relay 12-ST2
operated, conductor 1305 extends through the lower right
winding of repeating coil 13-T, resistor 13-AD1, right
winding of relay 13-D, front contact of relay 12-ST2 to
conductor 1309 leading to Fig. 6. Coiiductor 1304 ex-
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tends through the upper right winding of repeating coil
13-T, resistor 13-AD, left winding of relay 13-D, front
contact of relay 12-ST1, left and right windings of relay
13-FCA, to conductor 1312. A branch of this circuit
extends in parallel with the windings of relay 13-FCA.
over a front contact of relay 12-ST2, resistor 13-U to
conductor 1310 leading to Fig. 5. A branch of conduc-
tor 1310 extends through resistor 13-U1 to conductor 1311
leading to Fig. 6.

Relay 12-ST1 completes the holding circuits for the
class selection relays and the trunk reduction circuit.
Since AMA trunks are to be observed, relay 12-ST2 closes
a circuit over the back contact of relay 13—-CA2, conduc-
tor 1207 to Dbattery through the start relay 6-ST3 of the
AMA service observing circuit. Relay 6-ST3 closes the
heater circuits for tubes 5-ET, 5-MT, 5-CFT and 5-HMT
in the service observing circuit, Relay 6-ST3 also con-
nects ground to resistors 5-E7, 5-E6, 5-M5 and 35-M7
to complete voltage dividers which provide a proper pc-
tential on the cathodes of tubes 5-ET and 5-MT. Relay
6-ST3, in addition, closes a circuit from ground over the
back contact of relay 5-TC and the front contact of
relay 6—-ST3 to battery through the winding of relay 5-CH
causing relay 5-CH to operate. The operation of relay
5-CH connects conductors 1205, 1212, and 1220 to 1226
to positive battery through the winding of relay 5-MT
to check these conductors for false ground or false nega-
tive battery. If either condition is present on any of
these conductors, relay 5-MT operates and causes an
alarm to be sounded as will appear hereinafter.

Relay 12-ST2 completes the heater circuit for tube
10-FRTO and tube 18-TKTO as well as for the other
similar tubes associated with other frames and trunks in
the connector. Relays 12-ST1 and 12-ST2 prepare other
circuits which will be traced later. The control circuit
and the AMA observing circuit are now ready to receive
a “position idle” signal from the service observing desk.

When a position is idle, the connection of ground and
battery to conductors 1300 and 1301 is reversed so that
relay 13-PB releases. With relay 13-PB unoperated and
telay 12-ST2 operated, ground is connected to conductor
1208 leading to the observing circuit where it extends over
a front contact of relay 6-ST3, back contacts of relays
5-RC and 5-TM to the junction between resistors 5-M2
and 5-M1 which are connected between battery and the
left grid of tube 5-MT. The connection of ground to
conductor 1208 makes the left side of tube 5-MT con-
ducting and operates relay 5-PI. Relay 5-PI closes a
shunt around the back contacts of relays 5-RC and 5-TM

to hold relay 5-PI independent of relays 5-RC and 5-TM.

Relay 5-PI operated, completes a circuit from ground
over a back contact of relay 5-TC, front contact of relay
5-P1, back contact of relay 6-LO to battery through ths
winding of relay 5-TM which operates. Relay 5-TM
closes an obvious circuit for operating relay 5-TMI.
Relay 5-TM also connects ground over a front contact
of relay 5-PI to conductor 1331. 'This circuit later serves
to hold relay 13-LB operated through front contact
13-LB and maintain the seizure signal to the desk. In
addition, it closes a circuit from ground over the front
contact of relay 5-TM, front contact of relay 5-PI, back
contacts of relays 5~-RC and 6-LO to battery through the
winding of relay 6~TCO operating the latter relay. With
relay 6-TCO operated, ground is connected over con-
"ductor 1319 and the back contact of relay 13-CA2 to
battery through the winding of relay 13-MKA which
operates. In addition, ground is connected over back
contacts of relays 5-TC and 5-RC, front contact of relay
6-TCO and conductor 1333 to battery through the wind-
ing of relay 13-CO. Relay 13-CO operates in this cir-
cuit and in turn operates relay 13—-CO1. The service

observing equipment is now ready to observe on a call.

. Service observing connector

With relay 13-MKA operated, the grid circuits of all
tubes such as tube 10-FRTO are conpected to the FA
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leads from AMA trunks. There is a tube, like tube
10-FRTO, for each frame and the FA leads of all the
AMA trunks on a frame, which are arranged for service
observing, are connected in multiple to the frame tube.

Whenever the marker seizes a trunk circuit, for example
the trunk circuit of Fig. 7, for use in a connection, the
operation of relay 7-F connects ground to conductor 703
to operate a trunk relay in the trunk link connector as
above described. If that circuit is wired for service
observing, ground on conductor 793 is extended to the
service observing connector where it is connected to the
midpoint of a voltage divider comprising resistors
10-BAO and 10-FAO through resistor 16-FAQO and
resistor 1¢-E10, varistor 10-T10, front contact of relay
13-MKA to the midpoint of a voltage divider comprising
resistors 18—-A and 10-B which are connected in turn to
the grid of tube 10-FRTO.

The FA leads of all AMA trunks on frame O are
similarly connected to the grid of tube 10-FRTO. A
maximum of three FA leads are connected to one varistor,
a maximum of two varistors being used for the same
class and frame. If CAMA trunks appear on the same
frame they are connected to the frame tube through sepa-
rate varistors. The arrangement of the resistors and
varistors is such that ground on one FA lead is not fed
back to other trunk circuits.

When conductor 763 which is connected, as above de-
scribed to the grid of tube 10-FRTO, is grounded by
seizure of the associated trunk circuit, the tube breaks
down and relay 16-FROQ operates. The frame relays,
including 10-FRO9, frame auxiliary relays such as relay
8-FA00, cut-through relays such as relay 9-CTA00 and
individual trunk connecting relays such as relay 11-AA89
are arranged in even and odd groups, so that observation
may continue on some trunks in spite of troubles which
may occur on one or the other group circuit.- The con-

-nector cannot be prepared to select a call for observation

except at a time when no FA lead is grounded in one
group. If none of the FR relays, such as relay 10-FR00,
of the odd group is operated, a circuit is closed from
battery through the winding of relay 10-FC1, conductor
1009, back contacts of all odd group FR relays, including
relays 10-FR19 and 10-FRO1, back contacts of all odd
FA relays including relays 8-FA19 and 8-FAO01, con-
ductor 880 to ground over front contacts of relays 13-CO
or 13-CO1 and relay 12-ST2, operating relay 10-FC1.
If no even group FR relay is operated, a similar circuit
is closed from battery through the winding of relay
10-FC, conductor 10061, back contacts of the even relays
19-FR18 to 10-FRO0, back contacts of even relays
8-FA18 to 3-FA00, conductor 801 to ground over con-
tacts of relays 13-CO or 13-CO1 and 12-ST2, operating
relay 10—FC. With relay 10-FC1 operated, a circuit is
closed from battery through the winding of relay 10-FB1,
front contact of relay 19-FC1, front contact of relay
13-CO or relay 13—CO1 to ground, operating relay
10-FB1 which locks over its own front contact independ-
ent of relay 10-FC1. Similarly relay 10-FC operates re-
lay 10-FB which locks independent of relay 10-FC.
Since the marker only works with one trunk on a frame,
only one FA lead can be grounded on that frame at a
time but several markers may seize trunks arranged for
service observing, each one on a separate trunk frame so
that ground can appear on several frames operating the
corresponding FR relays. With a call on the trunk of
Fig. 7 operating relay 10-FR(0, as above described, the
circuit of relay 10-FC is opened and that relay releases.
With relay 10-FC released, a circuit is closed from bat-
tery over the back contact of relay 10-FC, front contact
of relay 10-FB, conductor 1002, winding of relay 8-FA00,
back contact of relay 8-FA09, front contact of relay
10-FRO0 and over the back contacts of all of the even
FA relaysincluding relays 8~-FA18 and 8-FA00 to ground
over conductor 801. Relay 8-FA00 operates in this cir»
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cuit and locks over its front contact to ground on con-
ductor 801.

If calls come in on two even frames, the FR relay as-
sociated with the lower numbered frame opens the circuit
for operating the auxiliary relay for the higher numbered
frame and therefore the lower numbered frame will be
preferred. For calls on odd numbered frames, relay
19-FC1 is released and one of the auxiliary relays 8-FA19
to 8—FAO01 is operated. If calls come in on both even
and odd frames the choice depends upon whether relay
10-FC or relay 16-FC1 releases first. Relay 16-FC
has the preference, but if relay 10-FC1 releases slightly
ahead of relay 10-FC, relay 10-FC is held operated over
its own front contact, back contact of relay 10-FCI,
front contact of relay 10-FB1 to ground over the front
contact of either relay 13-CO or relay 13—-CO1.

Assuming that relay 8-FAQ6 is operated, as above
described, a circuit is now closed for informing the mark-
er that there is an idle position at the service observing
desk. This circuit extends from ground, front contacts of
relays 13-CO or 13-CO1, windings of relays 10-OBS
and 10-NOB, conductor 1003, front contact of relay
8-FAG9, conductor 802, through the trunk line connector
to the marker. While the trunk which has started the op-
eration of the service observing connector is arranged for
service observing, the marker may have information in-
dicating that the particular call involved should not be
observed. It may be a test call, it may be a call of a
type on which the service observing equipment dis not
prepared to observe, or the trunk may be one used for
a class having different charge rates and the charge rate
of the particular call being set up may not require ob-
servation.

As shown in Fig. 15, with conductor 1261 grounded to
indicate that the service observing circuit wishes to ob-
serve on foreign area AMA calls, if the call being ob-
served is of the foreign class, relay 35-TOBS operates
and locks. Similarly, if conducter 1202 is grounded to
indicate that CAMA calls are to be observed, relay
15-TOBS is operated only if the marker operates a
CAMA class relay. If both local and foreign area AMA
calls are to be observed, conductor 1208 is grounded
and the local observe class relay of the marker is oper-
ated only for particular charging rates to operate relay
15-TOBS. For test calls and for routes 'on which no ob-
serving is to be ‘done, a relay NOB is operated. The
class relays and relay NOB are not shown but are indica-
tive of relays which may be found in the above-identified
Busch patent. With relay 15-TOBS operated and relay
NOB non- operated conductor 802 is extended through
the upper wrndmg of relay 15—TOB to negative battery.
If relay 15-TOBS is non-operated or with relay 15-TOBS
operated and rélay NOB also operated, conductor 802 is
extendéd to High poténtial positive battery.

Tf condictdr B02 s connected to central office negative 3

battery throuOh ‘the winding of relay 15-TOB, relay
10-OBSis Operated but if high positive potential is con-
nected to- conductor $92, Télay 10-NOB operates. It
will be assumied thit relay’ IO—OBS is operated at this time.
Relzy 15-TOB in‘the markér 4l¥o operates and operates
the service observmg régister connector relays over con-
ductor 1589 causing-the called line demgnatlon ‘as stored
in the marker, tc be transmitted to the ‘service observing
register. ‘The fanction-of the circuitin response to relay
10-NOB will be described hereinafter.

Relay 8-FA00 conmects ground to conductor 1209
completing a circuit over the front contact of  relay
6-TCO to battery through the winding of relay 5-TC.
Relay 5-TC operates in this c1rcu1t and locks over its own
front contact, back contacts of relays 5-WO, and 6-MR,
and front contact of relay 6—ST3 to Uround It ‘alse
opens the ooeratmg circuit for relay 5-CH which releases
drsconnectmg the observmg conductors from the test re-
lay 5-MT and connecting ‘them into the service observmv
circit.  With relay 5-CH relédsed and relay 5-TC op-
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erated, a circuit is closed from battery over back contact
of relay 5-CH, conductor 500, winding of frame con-
nector relay 9-CTAO00, front contact of relay 8-FAQQ,
conductor 900, front contact of relay 13-MKA, back
contacts of the individual trunk connector relays 11—
AA118 to 11-AA00, conductor 1100, front contact of
relay 5-TC, back contact of relay 5-CH to ground.
Relay 9-CTAO00 operates in this circuit and closes a cir-
cuit for selecting and operating the individual trunk re-
lay.

With relay 9_-CTA80 operated, the FA leads of a
maximum of six trunks selected by that relay are con-
nected over front contacts of relay 9-CTA00 to a set of
trunk seléct tubes such as tube 19-TKT®. Conductor
703, individual to the trunk of Fig. 7, is extended to the
grid of tube 18-TKTQ, operating relay 16-TKO. With-
relay 10-TKO operated, ground is connected over a front
contact of that relay, conductor 1¢84, front contact of re-
lay 9-CTA89, conductor 9201, winding of relay 11-AA00,
conductor 560, back contact of relay 5-CH to battery.
Relay 11-AAQ0 operates in this circuit and locks in the
circuit from battery on conductor 508, winding and front
contact of relay 11-AA®0, conductor 1168, front con-
tact of relay 5-TC, back contact of relay 5-CH to
ground. 'Relay 11-AA00 also connects trunk circuit con-
ductors 705, 712 and 720 to 726 to conductors 1205,
1212 and 1220 to 1226 of the service observing circuit
of Figs. 5 and 6. With relay i1-AA00 operated, the
operating circuit for relay 9-CTA00 is opened and that
relay releases disconnecting the trunk select tubes such
as tube 10-TKT0 from the trunk FA conductors.

Seizure signal

Relay 10-OBS, when operated as above described,
connects ground over its front contact to conductor 1210,
leading to the AMA observing circuit where it extends
over a front contact of relay 6-TCO, back contact of
relay 6-NB, front contact of relay 5-PI, conductcr 1330,
winding of relay 13-LB to battery. Relay 13-LB op-
erates and transmits a seizure signal to the service ob-
serving desk by connecting a shunt around resistors 13-Y
and 13-Y1 and the right winding of relay 13-ST. This
seizure signal causes a position circuit at the desk to be
connected with the service observing trunk and it results
in the connection of ground and battery to the conductor
pairs 1302-1303 and 1304-1305.

Relay 5-TC, in operating, closes an obvious circuit
for operating relay 5-RC.

Call accepted

With relay 5-RC operated, a circuit is closed from
ground over a front contact of relay 5-RC, front contact
of relay 5-TM to battery through the winding of relay
3-FE1, operating the latter relay, which locks over its
own front contact, front contact of relay 5-TM1, back
contact of relay 5-IM, back contact of relay 5-T1, front
contact of relay 5-RC to ground. With relay 5-F1
operated, conductors 1369 and 1312 are connected to-
gether over front contacts of relays 6-ST3 and 5-E1
and a back contact of relay 6-CA, thereby. completing
a loop circuit across conductors 1304 and 1365 including
both windings of relays 13-D and 13-FCA. With bat-
tery and ground connectéd to conductors 1344 and 1305,
as above described, relay 13-FCA operates as a call-
accepted signal closing a circuit over the front contact
of relay 13-FCA, front contact of relay 12-ST2, con-
ductor 1211, front contact of relay 5-TC to battery
through the winding of reiay 6-CA. Relay 6-CA op-
erates in this circuit and locks over the front contact of
relay 5-TC and its own front contact to ground. With
relay 6-CA operated, the loop circuit above traced over
conductors 1304 and 1305 opens. The left winding of
relay i3-D is connected over front contact of relay
12-8T2 through resistors 13-U and 13-U1 to conductor
1311 while the right winding of relay 13-D is connected
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over a front contact of relay 12-ST2, conductor 1309,
front contact of relay 6-ST3, front contact of relay 5~E1,
front contact of relay 6-CA, front contact of relay 5-E1
to conductor 1311, completing a high resistance bridge
across conductors 1304 and 1305.

When relay 5-TC operated as above described, it
opened the operating circuit for relay 5-TM and relay
5-TM releases slowly. When relay 5-TM releases, the
circuit of relay 5-TM1 is opened and that relay starts
to release slowly. If relay 5-TM1 releases before relay
6-CA operates, the operation of the connector is recycled
to select a different call for observation. However, if
the call is accepted and relay 6-CA operates before relay
5-TM1 opens its contact, a locking circuit is closed for
relay 5-TM1 over front contacts of relays 5-TM1, 6-CA
and 5-PI, Relay 5-TM, in releasing, also opens the
holding- circuit for relay 6-TCO and that relay also re-
leases slowly.

When relay 6-TCO releases, it opens the circuits ex-
tending over conductors 1210, 1213, 1209, 1319 and 1333
to the comnector circuit, and releases relay 13-MKA.
Relay 13-MKA disconnects the trunk conductor 703
from tube 10-FRTO, also disconnecting the FA leads
of other AMA trunks from the corresponding tubes.
Opening the circuit over conductor 1333 causes relays
13-CO and 13-CO1 to release slowly in cascade and
‘when relay 13-CO1 is released, the circuits of relays 10—
NOB, 10-OBS, 10-FB, 10-FB1, 8-FA00, 10-FC and
10-FC1 are opened so that these relays also release.
The trunk selection circuit is now normal with the ex-
ception of relay 11-AA00 which is held operated over
conductors 1106 and 506 under the control of the AMA
service observing circuit.

Relay 11-AA09 in addition to connecting the trunk

conductors to the service observing circuit serves to
identify the trunk on which the observation is being
made. FEach trunk connector relay is given a two-digit
number from 00 to 99 and the relay, when operated,
connects together a tens lead and a units lead correspond-
ing to the digits assigned to the trunk. Therefore, relay
11-AA00 connects together the TO conductor 1240 and
the UO conductor 1250. Trunks having numbers over
100 are distinguished from trunks having numbers less
than 100 by operating relay 6-FL under the control of
the connector relay such as relay 11-AA118. ' Relay
13-LB is operated, as above described, and is held stead-
ily operated under the control of relay 5-TM for a
measured interval. With relay: 6-FL operated, following.
the release of relay 5-TM, the winding of relay 13-LB
is connected over conductor 1330, front contacts of re-
lays 5-PI, 6-CA, 6-FL and 5-D1 to conductor 1235
which extends to ground in an interrupter located in the
trunk identification circuit 1230. The interrupted opera-
tion of relay 13-LB causes the trunk lamp on the service
observing desk to flash to indicate that the trunk number
is in the second hundred group. )

The operation of the service observing connector in
connecting with a CAMA trunk is similar to that above
described for the AMA. trunk except that a separate set
of cut-through relays 9-CTC00 to 9-CTC19 are used
which are made effective by the connection of battery to
conductor 30¢ and ground to conductor 1150 and the
operation of relay 13-MKC by the CAMA service ob-
serving circuit. Similarly there is also a separate set of
trunk comnnector relays 11-CA00 to 11-CA99, one of
which operates to connect the CAMA service observing
circuit to the trunk in a manner similar to the operation
of relay 11-AA90.

Recycle of observing circuit

As above described, when the frame relay 8-FA00
is operated, it closes a circuit by which the marker
operates relay 10-OBS and the latter relay causes the
transmission of the seizure signal to the service observ-
ing desk. At the same time relay 8-FA00 operates relay
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5-TC and the latter relay opens the circuit of relay 5-TM
which releases and then opens the circuit of relay 5-TM1.
Relays 5-TM and 5-TM1 are both slow to release to
measure off a time interval during which the desk may
accept the cail. - If the call is accepted, relay 6-CA
operates before relay 5-TM1 releases and closes a lock-
ing circuit for relay 5~TMi. If relay 6-CA does not
operate, relay 5-TMI releases after an interval, in turn
releasing relay 5-El. With relay 5-TM1 released,
ground is connected over a front contact of relay 5-RC
and a back contact of relay 6-MR to conductor 602 lead-
ing to the register and pulsing circuit 603, operating relay
6-DP in that circuit to prevent the transmission of the
called line designation which has been registered therein
by the marker and to restore that circuit to normal. Re-
lay 6-DP in turn grounds conductor 604, closing a cir-
cuit over front contact of relay 5-RC to battery through
the left winding of relay 6-MR. Relay 6~-MR operates
and locks in a circuit from battery through its right
winding over its own front contact and a front contact of
relay 5-RC to ground.

Relay 6-MR opens the locking circuit of relay 5~-TC
causing that relay to release. It also opens the circuit of
relay 6-DP which releases and opens the circuit to the
left winding of relay 6-MR. Relay 5-TC in releasing
opens the circuit of relay 5-RC which releases slowly. It
also disconnects ground from conductor 1100 to permit
relay 11-AA00 to release and disconnect the trunk from
the observing circuit. The release of relay 5-RC re-
leases relay 6-MR. )

If the desk is still idle after relay 5-RC releases, relays
5-PI, 5-TM, 5-TM1 and 6-TCO reoperate to prepare
the observing circuit and the connector circuit for re-
ceiving a new call.

If the observing circuit has received an indication that
the desk is idle, causing the operation of relays 5-PI,
5-TM, 5-TM1 and 6~TCO, and the desk becomes busy
before a call is originated, the desk reverses the connec-

_tion of ground and battery to conductors 1360 and 1301

operating relay 13-PB which disconnects ground from
conductor 1208 and connects ground to conductor 1214.
Disconnection of ground from conductor 1208 causes
relay 5-PI to release while the connection of ground to
conductor 1214 operates relay 6-DP in the register and
pulsing circuit 603. The operation of relay 6-DP re-
stores the circuit 603 and operates relay 6~MR starting
the recycle operation described above. The release of
relay 5-PI opens the circuit of relay 13-LB to prevent
the transmission of a seizure signal to the desk. Relay
5-P1 in releasing also opens the circuit of relay 6-TCO
to cause that relay to start releasing.

If a call is originated during the release time of relay
6-TCO and relay 5-TC is operated, relay 5-TC closes
a holding circuit for relay 6-TCO under the contro] of
relay 5-TM. The operation of relay 5-TC opens the cit-
cuit of relay 5-TM and that relay releases slowly ‘fol-
lowed by the slow release of relays 5-TM1 and 6-TCO.
Since no seizure signal can be sent to the desk and no
call-accepted signal can be received, relay 6~CA is not
operated and relay 5-TM1 completes its release. If relay
6-TCO releases before a new call is originated, it causes
the release of relays 5-TM and 5-TM1. Relay 6-TCO
in releasing restores the selection circuit to normal.

As previously mentioned, certain calls, such as test
calls, are not observed even though they are extended
over a trunk circuit which is wired to the service observ-
ing connector. In this case, the marker operates relay
10-NOB. Relay 10-NOB connects ground to conductor
1213 operating relay 6-NB over a front contact of relay
6-TCO. Relay 6-NB locks to ground over its front con-
tact and front contacts of relays 5-TC and 5-TM. Relay
6-NB opens the circuit of relay 13-LB to prevent trans-
mitting a seizure signal to the desk. When relay 5-TC
operates, relays 5~-TM and 5-TM1 release, in turn re-
leasing relay 5-E1. Relay 6-NB operates relay 6-DP
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of the register and pulsing circuit, in turn operating relay
6-MR. The release of relays 5-TC, §-RC, 6-MR, etc.
takes place as previously described, placing the observing
connector in condition to pick another trunk.

Connections between trunk circuit and service observing
circuit

With relay 11-AA09 operated, conductors 725 and 726,
which connect the tip and ring conductors of the trunk
with the outgoing sender, are extended over contacts of
relay 11-AA00, conductors 1225 and 1226, back con-
tacts of relays 5-CH and 5-WO, conductors 501 and 502,
back contacts of relay 13—CAZ2, condensers 13-TC and
13-RC, to grids of tube 13-V1iT, the voice currents be-
ing transmitted by tube 13-VIT through repeating coil
13-T and conductors 1304 and 1305 to the observing
desk.

The sleeve conductor 712 of the trunk is extended over

connected with the winding of the a_um_ha_ry sl_.eeve relay
7-S1 and the control circuit therefor is extended over a
contact of relay 11-AAGQ, conductor 1223, back con-
tact of relay 5—-CH to the right grid of tube 5-ET. Con-
ductor 720, which is connected as previously traced to
the make-busy conductor 727, and conductor 722, which
is connected with the left winding of relay 7-D, are ex-
tended over front contacts of relay 11-AA@9, conductors

1220 and 1222, back contacts of relay 5-CH to the two -

sides of a contact of relay 5-T. Conductor 721, which
is grounded when the supervisory relay 7-C5 is operated,
is extended over a contact of relay 11-AA00, conductor
1221, back contact of relay 5—-CH, back contact of relay
5-WO to the right grid of tube 5-MT. Conductor 708,
which is connected to the operating circuit of the out-
sender link hold magnet, is extended over a front con-
tact of relay 11~AA00, conductor 1205, back contact of
relay 5-CH, back contact of relay 5-WO to a network
associated with the grid of tube 5-HMT. Conductor
724, which is conpected to the right winding of the over-
flow relay 7-OF, is extended over a front contact of relay
11-AAQ0, conductor 1224, back contact of relay 5-CH
to the network associated with the grid of tube 5-OFT.

Trunk identification

After the call has been accepted, a trunk identifier ¢ir-
cnit is connected at the desk and ground and battery
are reversed on conductors 1304 and 1305 operating relay
13-D. Relay 13-D, in operating, connects ground.over its
front contact and the front contaet of relay 12-ST2 to con-
ductor 1227 completing a circuit over back contact .of re-
lay 5~-PCO and front contact of relay §~CA, winding of
relay 5-D1 to battery supplied to conductor 1238 from
the trunk identification circuit 123¢. Relay 5-D1 oper-
ates in this circuit and locks to ground over its own
front contact and a back contact of relay 5-PCO. Relay
5-D1, in operating, connects ground to conductor 605
leading to the trunk identification circujt 1239 to operate
the relay in that circuit which connects the trunk identify-
ing relays to conductors 1248 to 1259 so that the-identify-
ing relays are operated under the control of relay 11—
AA00. This relay also operates relay 13-DC over con-
ductor 1215. Relay 13-DC disconnects conductors 1300
and 1301 from the windings of relays 13-ST .and 13-PB
causing these relays to release. However, relay 12-ST1
is held operated at this time over .conducter 1228, front
contact of relay 5-D1, front contact of relay 5-TC to
ground. Relay 13-DC connects conductors 33¢8 and
1301 over its front contacts, copductors 1315 and 1316,
front contacts of relay 6-ST3, back .contacts of relay
§-PCO and conductors 1231 .and 1232 to the trunk identi-
fication circuit 1230. Relay 5-D1 .connects ground to
conductor 1217 to start-the interrupter and connects in-
terrupted ground .on conductor 1234 ‘to conductor 1235
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leading to the trunk identification circuit 1238 (o oporate
the pulse generatmg relay of that circuit. In addition,
relay 5-D1 connects ground to conductor 1218 to control
the pulse counting relays. The trunk identification circuit
1230 then transmits the trunk designation to the desk by
means of code pulses in the mannmer described in the
above-identified Rosene patent. When the transmission
has been completed, the trunk identificaticn circuit 1230
connects ground to conductor 1216, completing 2 circuit
over front contacts of relays 5-D1 and 5-TC to battery
through the winding of relay 5-PCQ. Relay $-PCO
locks to ground over a front contact of relays 5-TC and
5-PCO and disconnects the trunk pulsing conductors of
the trunk identification circuit from conductors 3340 and
1362. 1t also releases relay 5-D1 and establishes a new
helding circuit for relay 12-8T1 extending from the
winding of relay 12-ST1 over conductor 1228, front con-
tact of relay 5-PCO, conductor 1227, Iront contact of
relay 12=ST2, front contact of relay 13-D to ground.

Relay 5-DI1, in releasing, diseonnects ground from con-
duetors 1216, 1217, 1218, 695 and 1235 to permit the
trunk identification circuit 1239 to restore to normal.
In addition, it disconnects ground from conductor 1225.
Disconnection of ground from conductor 605 releases
the connector relays of the trunk identification circuit
1230 which in turn releases relay 13-DC. Relay 13-DC
restores the connection of conductors 13¢® and 1301 to
the windings of relays 13-PB and 13-ST. Relay 13-ST
immediately reoperates to reclose the original operating
circuit for relay 12-ST1, relay 12-ST1 being slow to
release to cover the interval between the release of relay
13-DC and the reoperation of relay 13-ST. When the
trunk number has been received -at the desk, the connec-
tion of battery and ground to conductors 1304 and 1365
is restored and relay 13-D releases. If, for any reason,
the trunk identification circuit 1230 frils to complete
pulsing or fails to ground conductor 1216, a timing cir-
cuit at the desk functions and after an interval restores
and 13(15 releasm_g relay 13—D Relay 13-D released
conneets ground to conductor 1237 completing a ¢ircyit
over front contacts of relays 5-Ei, 5-D1 and 5-TC to
battery through the winding of relay 5-PCO. Relay
$5-PCO operates and performs the same functions as
above described.

Transmission of observing signgls to desk—AMA

The three pairs of conductors 1300—1391, 1362—1303
and 1304--1305 are connected to ground and battery
at the desk through the windings of sensitive, marginal
and differential relays. These relays receive all of the
various signals from the .observing circuit and convert
them into the preper lamp signals. During the time that
conductors 1308 and 1391 are used for transmitting the
trunk number, the trunk identifier at the desk maintains
a simulated seizure signal at the desk. The resistances
of resistors 13-AD, 13-ADI1, 13-AA and 13-AB are
selected to compensate for the resistance of the conduc-
tors conneeting the .observing equipment with the desk.
If necessary, an amplifier may be inserted between the
tube 13~V1T and zepeating coil 13-T to improve moni-
toring.

‘When observations start, and after the trunk ideniifica-
tion thas been completely transmitted, conductors 1306
and 1301 are connected together by a low resistance
bridge extending .as previously traced from conductor
1300, back contact of relay 13-DC, right winding of relay
13-PB, front contact of relay 13-LB, left winding of
relay 13-ST, left winding of relay 13-PB, back contact
of relay 13-DCto conductor 1301. Conductors 1362 and
1303 arc connected fogether by a low resistance bridge
extending from conductor 1392, upper right winding of
repeatmg coil 13-T1, front contact of relay 13-STI, re-
sistor 13-AB, conductor 1307, front contact of relay
6~8T3, back contact of relay 5-M, front contact of relay
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5-F1, front contact of relay 5-TC, conductor 1306, re-
sistor 13-AA, front contact of relay 12-3T1, lower right
winding of repeating coil 13-71 to conductor 13903. Con-
ductors 1304 and 13065 are connected together by the
high resistance bridge, previously traced.

Ground is present on conductors 712 and 723 at the
time the service observing circuit is connected with the
trunk. Ground on conductor 712 is extended as pre-
viously traced to conductor 1212 and the left grid of
tube 5-ET while ground on conductor 723 is extended
to conductor 1223 and the right grid of tube 5-ET. These
grids are normally held at cut-off by means of battery
through appropriate resistors. When ground is connected
to conductors 1212 and 1223, both sides of tube 5-ET
become conducting and relays 5-E and 5-S operate. Re-
lay 5-S in operating connects high potential positive bat-
tery through resistor 5-RX, front contact of relay 3-8,
front contact of relay 5-E1, front contact of relay 6-CA,
conductor 1310 and thence in parallel through resistor
13-U, front contact of relay 12-ST2, and the left wind-
ing of relay 13-D to conductor 1304 and throtigh resistor
13-U1 to conductor 1311 and, as above traced, through
the right winding of relay #3-D to conductor 13065,

When the sender is attached, as indicated by the oper-
ation of the link hold magnet, ground is connected to
conductor 708 which extends as previously traced to the
grid of tube 5-HMT causing the operation of relay
5-HM. Capacitor 5-SO associated with the grid of
tube 5-HMT provides a time-delay action to prevent
transient voltages on conductor 705 from operating relay
5-HM. With relay 5-HM operated, the left winding of
repeating ceil 13-T1 is short circuited to prevent noise
passing to the observer at the desk. This shunt circuit
may be traced from the upper left winding of repeating
coil 13-T1, back contact of relay 13-TRF, conductor
1321, front contact of relay 5-HM, conductor 1322, back
contact of relay 13—TRF, to the lower left winding of
repeating coil 13-T1. With relay 5-HM operated, high
potential positive battery is connected over a front con-
tact of relay 5-FIM, conductor 1368, resistor 13-X to
conductor 1386 and thence to conductor 1383 and in
paraliel therewith through resistor 5-TX, front contact
of relay $-ST3, to conductor 1307 and thence to conduc-
tor 1382 as a sender attached signal to the desk. Relay
5-HM also connects battery through resistor 6-OBR
over front contacts of relays 5-HM and 5-E in parallel
with the winding of relay 6-OB to make that relay slow
to release under certain conditions.

If the sender receives an indication that the call can-
fiot be completed at the distant office, it connects battery
to conductor 728 operating relay 7-CF on its left wind-
ing. Ground is connected at this time over front con-
tacts of relays 7-81 and 7-OF to conductors 724 and
1224 and the right winding of relay 7-OF to hold relay
7-OF operated and causing tube 5-OFT and relay 5-OF
to operate. With relay 5-OF operated, ground is con-
nected over a front contact of relay 5-RC and a front
contact of relay 5-OF to the grid of tube 5-OFT to hold
relay 5-OF operated. With relay 5-OF operated, a
circuit is closed from ground over back contacts of re-
lays 5-IM and 5-T31, front contact of relay 5-CA, front
contact of relay 5-OF to battery through the winding
of relay 6-OB. Relay 6-OB operates and connects

" ground to the right grid of tube 5-MT to operate relay
5-M. Relay 5-QF, in operating, connects ground to
conductor 1217 to start the interrupter inciuded in the
trunk identification circuit 1230 and closes the circuit
from conductor 1234, to which the interrupter connects
interrupted ground, over the front contact of relay 5-OF,
winding of relay 5-CS, front contact of relay 5-OF,
resistor 5—~CSR to battery. Therefore relay 5-CS is oper-
ated intermittently. With relay 6-OB operated, each
time that relay 5-CS releases, conductors 1306 and 1367
are connected together closing a low resistance bridge
dcross conductors 1392 and 1303. Each time that relay
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5-CS operates, resistors 13-X and 5-TX aré included
in the bridge across conductors 1302 and 1383 thereby
creating a flashing lamp signal at the service observing
desk. Conductors 581 and 502 are connected over back
contacts of relay 5-WO and 5-CH to conductors 1225
and 1226 and thence over contacts of connecior relay
11-AA00 to conductors 725 and 726, back contacts of
relay 7-TT to conductors 767 and 708 leading to the
trunk conductors at the distant office to maintain a trans-
mission path to the observing desk from the distant office
so that tone signals may be heard by the observer. The
distant office is prevented from releasing by a low re-
sistance bridge in the sender circuit across conductors
725 and 726. ‘

If the outgoing trunk is an intertoll trunk, the trunk
connector relay similar to relay 11-AAO03 operates relay
85-IT. With relay S-IT operated, a bridge across the
outgoing conductors 5¢1 and 502 is opened and the out-
going trunk is not held. This bridge may be traced
from conductor 381, back contact of relay 5-IT, front
contact of relay 6—OB, back contact of relay 5-OF, relay
winding 5-CS, back contact of relay 5-OF, front con-
tacts of relays 6-OB, 5-TC, 6-CA, back contacts
of relays §-T1, 5-IT to conductor 582. This bridge
is used to hold the distant office connection on other
outgoing trunks when the calling subscriber disconnects
as hereinafier described. A bridge is also connected
across conductors 1229 and 1222 for outgoing intertoll-
trunks when relay 5-S releases due to calling subscriber
disconnect. This bridge makes the trunk busy to incom-
ing calls and may be traced from conductor 1228, back
contact of relay 5-CH, front contacts of relay 5-E1
and 5-IT, back contacts of relays 5-S and 5-CH to
conductor 1222. )

When the calling subscriber disconnects in response
to the overflow tone, relay 7-S releases, opening the
locking circuit of relay 7-S1, thereby removing ground
from conductor 723. Relay 7-S1 is slow to release and
after a brief interval opens its contact to remove ground
from conductor 712. Relay 7-S1, in releasing, discon-
nects relay 7-CS from the outgoing trunk conductors.
Remcval of ground from conductor 723 causes relay
5-S to release. With relay 5-S released, the high posi-
tive potential is removed from conductors 1304 and 1385
to give a disconnect indication to the desk. Relay 5-S,
in releasing, closes a supplementary circuit for holding
relay 6-0OB. With relay 6-OB operated, ground is con-
nected to the right grid of tube 5-MT to prevent the
release of relay 5-M. The subsequent removal of
ground from conductor 712 causes relay 5-E to release,
closing a circuit from ground over the back contact of
relay 5-E, front contact of relay 6-CA, back contact of
relay 5-IM, back contact of relay 5-T1 to battery through
the winding of relay 5-T. Relay 5-T operates in this
circuit to initiate a timing operation. Relay 5-T, in
operating, closes a locking circuit for itself which extends
from battery through the winding of relay 5-T, back
contact of relay 5-T1, front contacts of relays 5-T,
5-TC and 6-ST3 to ground.

Relay 5-T connects conductors 1220 and 1222 to-
gether over back contacts of relay 5-CH and a front
contact of relay 5-T. Conductors 1220 and 1222 are
connected, as previously traced, to conductors 720 and
722 and a circuit is completed from ground on make-
busy conductor 727 and thence to conductor 728 which
is connected to conductor 722 as above traced and to
battery through the winding of relay 7-D. Relay 7-D
operates and disconnects ground from conductor 700
and opens the circuit of relay 7-F to prevent the trunk
from being selected while it is held by the service observ-
ing circuit.

Relay 5-T connects positive battery directly to the

" main anode of tube 5-TT and through resistor 5-R3 to

75

condenser 5-C1. Condenser 5-C1 is connected through
resistor 5-R1 to the control anpde of tube 5-TT. The
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cathode of tube 5-TT is connected to ground through the
right windidg of relay 5-T1. Prior to the operation of re-
lay 5-T, condenser 5-C1 is héld discharged by a connec-
tion to ground through resistor 5-R2 and the back contact
of relay 5-T. When relay 5-T operates, this discharge
circuit is opened and condenser 5-C1 charges from the
positive battery connection. When the charge on con-
denser 5-C1 reaches the breakdown potential of tube 5-TT
that tube becomes conducting and operates relay 5-T1.
Relay 5-T1 locks in a circuit from battery through its left
winding, front contacts of relays 5-T1 and 5-RC to
ground. Relay 5-T1, in operating, opens the locking cir-
cuits of relays 5-EI and 5-T causing these relays to re-
lease.

Relay 5-T, in releasing, restores the discharge circuit
to condenser 5-C1 and disconnects the positive baltery
supplied to the tube 5-TT. Relay 5-T also opens the
connection between conductors 1220 and 1222 to permit
relay 7-D to release and permitting reselection of the ob-
served trunk.

The release of relay 5-E1 opens the loop circuit be-
tween conductors 1304 and 13605 to start the release of the
desk position circuit.

When the sender completes its functions or is discon-
nected following a calling subscriber disconnect it discon-
nects ground from conductor 705 causing relay 5-HM
to release. Relay 5-HM in releasing disconnects posi-
tive battery from conductors 1302 and 1303 as a sender
disconnect signal to the desk.

The release of relay 5-HM opens the connection
between conductors 1321 and 1322 and closes a circuit
from ground over a front contact of relay 5-RC, back con-
tact of relays 6-MR, 5-HM and 5-TM, front contact of
relay 6—CA, conductor 1332 to battery through the wind-
ing of relay 13-TRF. Relay 13-TRF operates in this
circuit extending the left windings of repeating coil 13-T1
to conductors 1327 and 1328, leading to the register and
multifrequency pulsing circuit 693. In addition, relay
13-TRF connects ground to conductor 1318 cperating a
relay in the register and pulsing circuit 603 to initiate
transmission by means of multifrequency pulses of the
called line designation registered therein over conductors
1327 and 1328 through the repeating coil 13-T1 and
over conductors 1302 and 1303 to the service observing
desk. When the designation transmission has been com-
pleted, the register and pulsing circuit connects ground to
conduector 604 completing a circuit over a front contact of
relay 5-RC through the left winding of relay 6-MR to
battery. Relay 6-MR operates and locks through its
right winding under the control of relay 5-RC and opens
the circuit of relay 13-TRF. Relay 13-TRF releases and
restores the register and MF pulsing circuit to normal.

When the called subscribed answers, relay 7-CS op-
erates, as previously described, connecting ground to con-
ductor 721. Ground on conductor 721 is extended, as
previously traced, to the right grid of tube 5-MT op-
erating relay 5-M. With relay 5-M operated, the con-
nection between conductors 1302 and 1303 extends, as
previously traced, from conductor 1392 to conductor 1367
and thence over the front contact of relay 6-ST3 through
resistor 5-TX, conductor 1308, resistor 13-X to con-
ductor 1306 and thence to conductor 1363, the direct con-
nection previously traced betwéen conductors 1306 and
1367 being opened by the operation of relay 5-M. The
change from a low resistance bridge across conductors
1302 and 1383 to a high resistance bridge across these con-
ductors serves as an answer signal to the service observing
desk.

If the call is not completed in the distant office and the
calling subscriber disconnects, the release of relay 5-S
operates relay 6-OB. Relay 6-OB, in operating, closes a
bridge between conductors 1225 and 1226 extending from
conductor 1225 over back contacts of relays 5-CH,
§-WO, and 5-1IT, front contact of relay 6-OB, back con-
tact of relay 5-OF, winding of relay 5-CS, back contact of
relay 5-OF, fromt contacts of relays 6-OB, 5-TC, and
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6-CA, back contacts of relays 5-T1, 5-IT, 5-WO, and
5-CH to conductor 1226. Supervisory signals received
from the distant office cause relay 5-CS to operate
and releasc at each signal, completing a bridge over a
front contact of relay 6-OB and the back contact of
relay 5-CS across conductors-1396 and 1307 to transmit
the supervisory signals to the desk.

When the called subscriber answers and the observing
operator determines whether or not the connection has
been properly established, she disconnects by operating a
release key at the desk. This key reverses the connection
of battery and ground to conductors 13¢0 and 1301 op-
erating relay 13-PB. Relay 13-PB, in operating, discon-
nects ground from cenductor 1208 releasing relay 5-PL
In addition, ground and battery are removed from the con-
ductor pairs 1302-1383 and 1304-1305.

The release of relay 5-PI opens the circuit of relay 5~
TM1, which releases slowly and then opens the circuit
of relay 13-LB. Relay 13-LB, in releasing, removes the
short circuit around resistors 13-Y and 13-Y1 and the
right winding of relay 13—ST to remove the seizure signal
from trunk conductors 1269 and 1301 to permit the desk
position to complete its release.

When relay 5-TM1 releases, it releases relay 5-El.
If relay 6-MR has operated to indicate that the called
number has been transmitted, the release of relay 5-TM1
releases relay 5-TC which in turn opens the circuit of re-
lay 5-RC but relay 5-RC releases slowly. Relay 5-TC
release relays 5-PCO and 6-CA. Relay 6—-CA in turn
releases relay 6-OB, if operated. TIn addition, relay 5-TC
disconnects ground from conductor 1189 so that relay
11-AA00 releases, disconnecting the cobserving circuit
from the observed trunk and reoperates relay 5-CH to
again test the observing conductors.

Relay 5-RC, in releasing, releases relay 5-OF, if op-
erated. In addition, relay 5-RC releases relay 6-MR ‘and
relay 5-T1. The observing circuit and the observing
connector and control circuit are now ready to observe on
another call.

The release by the calling subscriber, in response to
an overflow signal, has been previously described. If the
calling subscriber releases in the absence of an overflow
signal, relays 7-S, 7-S1 and 7-CS release in the manner
above described. In the observing circuit relays 5-S and
5-E release as before. Relay 5-S operates relay 6-OB
and since relay 5-OF is not operated, closes a bridge
across conductors 501 and 502 which may be traced from
conductor 501, over a back contact of relay 5-IT, front
contact of relay 6—OB, back contact of relay 5-OF, wind-
ing of relay 5-CS, back contact of relay 5-OF, front
contact of relay 6-OB, front contacts of relays 5-TC and
6-CA, back contacts of relays 5-T1 and 5-IT to con-
ductor 502. Relay 5-E operates relay 5-T to start the
timing operation which takes place as above described.

With relay 6-OB operated, if relay 5-CS does not op-
erate in the above traced bridge circuit, a low resistance
bridge is connected across conductors 1302 and 1303.
If relay 5-CS does operate, the low resistance bridge is
changed to a high resistance bridge to transmit to the
desk the corresponding supervisory signal. If the call-
ing subscriber operates the switchhook intermittently, re-
lay 7-S operates and releases intermittently, disconnect-
ing ground from conductor 723 but relay 751 is slow to
release and remains operated. The first removal of
ground from conductor 723 causes relay 5-S to release
and relay 5-S closes a circuit for operating relay 6-OB
if relay 5-IT is not operated. Relay 6-OB closes the
above-traced bridge circuit between conductors 501 and
502 and relay 5-S intermittently opens the high poten-
tial connected in simplex to conductors 1304 and 1305
to indicate to the observing operator that the calling sub-
scriber is flashing.

Intermarker operation—AMA

Sorqe of the outgoing AMA trunks extend to other
switching units in the same building where they appear
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as incoming trunks and are connected through the: other
switching unit to trunks outgoing to remote .offices.
Therefore, it is not desirable to hold such trunks after
the calling subscriber disconnects. If such a trunk is
wired for observation, a relay, like relay 11-AA00, con-
nects ground to conductor 503 operating relay 5-IM.

Relay 5-IM opens the circuit of the relay 6-OB to pre-
vent the connection of relay 5-CS across conductors 501
and 582, With relay 5-IM operated, relay 5-E1 is locked
over front contacts of relays 5-B1, 5~-TM1 and 5~-IM to
ground either over the back contact of relay 5-WO and
a front contact of relay 5~TM1, or over the back con-
tact of relay 6-MR. When the calling subscriber dis-
connects, relay 5-E releases as previously described.
With relay 5-IM operated, the release of relay 5-E closes
a circuit over front contacts of relays 6~CA and 5-IM
to battery through the winding of relay 5-WO operat-
ing relay 5-WQ. Relay 5-WO, in operating, disconnects
the tip and ring conductors of the trunk, which have been
extended to conductors 1225 and 1226 by the operation
of the trunk connect relay, from conductors 501 and
502 thereby opening the monitoring circuit leading to
the observing desk. It also disconnects the sleeve con-
ductor, which has been extended to conductor 1212,
from the grid of tube 5-ET. In addition, relay 5-WO
opens the grid circuit of the tube 5-HMT causing relay
5-HM to release. For this type of trunk mo circuit is
provided for relay 5-S and the high positive potential
supplied to conductor 1310 for the simplex circuit over
conductors 1304 and 1305 extends by way of a front
contact of relay 5-IM and a back contact of relay 5-WO
instead of by way of a front contact of relay 5-S. The
operation of relay 5-WO opens this simplex circuit. Re-
lay 5-WO also disconnects the right grid of tube 5-MT
from conductor 1221 and connects direct ground thereto,
operating relay 5-M to perform the functions previously
described. Relay 5-WO also opens ome of the locking
circuits for relay 5-E1 so that relay 5-E1 will be re-
leased as soon as relay 6-MR operates following the
transmission of the called line designation to the desk.

The signals from the AMA service observing circuit to
the service observing desk may be summarized as fol-
lows:

Seizure (relay 6-CA operated):
Low-tesistance bridge on 1300—1301
High-resistance bridge on 1304—1305
Low-resistance bridge on 1302—1303
+-130-volt simplex to 1304—1305
Sender attached:
—-130-volt simplex to 1302-1303
Overflow:
Alternate low- and high-resistance bridge on 1302
1303
Called line answers:
Change from low-resistance bridge to high-resistance
bridge on 1302—1303
Calling line disconnects:
High-resistance bridge and 4-130-volt simplex re-
moved from 1304—1305

CAMA trunk

As previously described, when the service observing
desk wishes to observe on CAMA calls, relay 13-CAM
is operated over trunk conductors 1302 and 1303, in turn
operating relays 13-CA1, 13-CA2 and 13-CMA while
the service observing equipment is idle. Relay 13-CMA
operated conmects ground to conductor 1202 to indicate
to the marker that CAMA calls are to be observed.,

When the service observing equipment is placed in
service, relays 13-ST and 13-PB operate, followed by
relays 12-ST1 and 12-ST2.

As described in connection with the AMA call, relay
12-ST1 disconnects conductors 1302 and 1303 from the
class selection relays and conmects them' to conductors
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relays 12-8T1 and 12-ST2 open the battery and. ground
connections to conductors 1304 and 1305 which are used
for trunk reduction and extend these conductors to con-
ductors leading to the service observing circuit.

With relay 13-CA2 operated, the operation of relay
12-ST2 connects ground over the front contact of relay
12-8T2, front contact of relay 13-CA2, to conductor
1260, operating relay 3-ST3 in the CAMA observing
circuit. Relay 3-ST3 closes the heater circuits for tubes
3-ET, 3-MT and 3-MF to prepare them for operation.
In addition, relay 3-ST3 operates relay 3-CH over a
back contact of relay 3-TC to connect the observing leads
1264, 1281, 1273, 1274, and conductors 301 to 306 lead-
ing to the CAMA sender to positive battery through the
winding of relay 3-MT to test these conductors for false
ground or battery. Relay 3-ST3 also closes an obvious
circuit for operating relay 3-PCI1.

When the position is idle and waiting for a call, relay
13-PB releases, connecting zround to conductor 1208
which, with relay 3-ST3 operated, is extended over back
contact of relays 3-RC and 4-TM to the right grid of tube
3-MT, operating relay 3-PL Relay 3-PI, in operating,
closes a bridge around the back contacts of relays 3-RC
and 3-TM in its operating circuit to hold it operated
independent of relays 3-RC and 3-TM. Relay 3-PI
closes a circuit from ground over a back contact of relay
3-TC, front contact of relay 3-P1, back contact of relay
4-LO to battery through the winding of relay 4-TM..
Relay 4-TM operates and closes an obvious circuit for
relay 3-TM1. With relay 4-TM operated a circuit is
closed from battery through the winding of relay 4-TCO,
back contact of relay 410, back contact of relay 3-RC,
front contact of relay 3-PI, front contact of relay 4-TM,
conductor 408 to ground over the back contact of relay
3-TM in the AMA observing circuit. Relay 4-TCO
operates in this circuit and connects ground over con-
ductor 1319 to the connector and contro! circuit where,
since relay 13-CA2 is operated, relay 13-MKC is op-
erated. The operation of relay 13-MKC prepares the
connector circuit to connect CAMA trunks for observa-
tion. Relay 4-TCO, in operating, connects ground to
the right grid of tube 3-ET operating relay 3-ROP. With
relay 4-TCO operated, ground is connected over back
contacts of relays 3-TC and 3-RC, front contact of relay
4-TCO to conductor 1333, operating relay 13-CO which
in turn operates relay 13-CO1. Relay 4-TCO also closes
a front contact in parallel with the front contact of relay
3-P1 in the circuit of relay 4~TM. The service observing
circuit and the service observing connector and control
circuit are now ready to receive a call for observation.

When the marker is connected with the trunk circuit
of Figs. 1 and 2, relay 2-TF is operated as previously
described, connecting ground to conductor 220, Assuming
that the trunk circuit of Figs. 1 and 2 also appears on
frame O, ground on conductor 22¢ extends through re-
sistors 10-FA6, 16-E16, varistor 16-T16, front contact
of relay 13-MKC to the grid of tube 10-FRTO, causing
tube 10-FRTO to become conducting and operate relay
16-FROG0. When the connector was normal, relays 10-FC
and 18-FCi operated as previously described, in turn
operating relays 10—FB and 10-FB1 which lock under the
control of relays 13—-CO and 13-COL. As soon as relay
10-FRO® operates it opens the circuit of relay 10-FC
which releases and completes a circuit from battery over
the back contact of relay 10-FC, front contact of relay
1¢-FB, conductor 1882, winding of frame auxiliary relay
8-FA00, back contact of relay 8§-FA09, front contact
of relay 18-FR69, back contacts of all of the even frame
auxiliary relays 8-FA18 to 8-FAQ0, conductor 801 to
ground over the front contacts of relays 13-CO1 or 13-CO
and 12-ST2. Relay 8-FA00 operates and locks directly
to ground over conductor 801.

With relay 8-FA00 operated, ground is connected over
conductor 1209 and the front contact of relay 4-TCO
to battery through the winding of relay 3-TC. Relay
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3-TC operates and locks under the control of relay
3-TM1 and 4-MR, operating relay 3-RC. With relay
4-TM operated, relay 3-RC operates relay 3-E1. Relay
3-TC releases relay 3-CH to disconnect the observing
leads from the winding of relay 3-MT and connect them
to the observing circuit. With relay 3-CH released, bat-
tery is connected over the back contact of relay 3-CH
ta conductor 369 and ground is connected over the fromt
contact of relay 3-TC and the back contact of relay 3-CH
to conductor 1150 completing a circuit from batfery over
conductor 360, winding of relay 9-CTC89, front contact
of relay 8-FA08, front contact of relay 13-MKC, back
contacts of the even trunk connector relays 11-CA98 to
11-CAQ0 to ground on conductor 1150. Relay 9-CTCO3
operates in this circuit preparing the circuits for selecting
the individual trunk on which the call has appeared. With
relay 9-CTC08 operated, conductor 220 is connected over
a- front contact of relay 9-CTCO9 to the grid of tube
10-TKTO operating relay 10-TKO. Relay 16-TKO
completes a circuit from battery on conductor 389, wind-
ing of relay 11-CA09, conductor 992, froat contact of
relay 9-CTC88, conductor 1094, front contact of relay
10-TKO to ground, operating the connector relay 11-
CAO09 to connect the trunk to the observing circuit. With
relay 11~CA08 operated, the circuit of relay 9-CTCHY is
opened and that relay releases. As previously described,
relay 11-CA99 connects together one of the conductors
1240 to 1249 and one of the conductors 1250 to 1259 to
prepare for the trunk identification. In addition, relay
11-CAG9 connects conductors 213, 214, 224 and 221
of the trunk to conductors 1273, 1274, 1264 and 1281
leading to the CAMA observing circuit.

When relay 8-FAQ0 operated, it closed a circuit from
ground, front contacts of relays 13-CO and 13-CO1 in

parallel, windings of relays 1¢-OBS and 19-NOB, con- 3

ductor 1693, front contact of relay 8-FAGQ, conductor
802 to the marker as described in connection with the
AMA call. If the call is to be observed, relay 18-OBS
operates in series with relay 15-TOB in the marker. Re-
lay 15-TOB causes the transfer of the called line desig-
nation to the register and pulse circuit 663. Relay 10—
OBS operated, connects ground to conductor 1216, com-
pleting a circuit over a front contact of relay 4-TCO, back
contact of relay 4-NB, froat contact of relay 3-PI, con-
ductor 1338 to battery through the winding of relay
13-1B. Relay 13-1L.B operates and closes a shunt arcund
resistors 13-Y and 13-Y1 and the right winding of relay
13-ST to transmit a seizure signal to the service observ-
ing desk over conductors 1300 and 130%.

if the call is accepted by the desk, battery and ground
are connected to the conductor pairs 1392—1303 and
1304—1305. Conductors 1364 and 1365, at this time,
are connected together over a circuit extending from con-
ductor 1365, lower right winding of repeating coil 13-T,
resistor 13-AD1Y, right winding of relay 13-D, front
contact of relay 12-ST2, conductor 1309, front contact
of relay 3-ST3, fromt contact of relay 3-EX, back con-
tact of relay 3—CA, conductor 1312, windings of relay
13-FCA, front contact of relay 12-ST1, left winding of
relay 13-D, resistor 13-AD, upper right winding of re-
peating coil 13-T to conductor 1304, Relay 13-FAC
operates in this circuit and closes a circuit from ground
over its front contact, front contact of relay 12-ST2,
conductor 1211, front contact of relay 3-TC to battery
through the winding of relay 3-CA. Relay 3-CA op-
erates, indicating that the call has been accepted, and
locks under the control of relay 3-TC.

In the manner described for the AMA observing circuit,
the operation of relay 3-TC opens the circuit of relay
4-TM which releases slowly and, when released, opens
the, operating circuit for relay 3-TM1, which is also slow
to release. Assuming that relay 3-CA operates before
relay 3-TM1 releases, relay 3-CA closes a locking circuit
for relay 3~TM1, over front contacts of relays 3-TMI,
3-CA ang 3-PI.  Until relay 4-TM releases, a holding
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circuit is provided for relay 13-LB over conductor 1331
and front contacts of relays 3-PI and 4-TM to ground.
When relay 3-CA is operated, it connects ground over
the front contact of relay 3—CA and the front contact of
relay 3-PI to conductor 1339 to hold relay 3-LB oper-
ated. With relay 3-CA operated, the connection over
conductors 1304 and 1305 extends as previously traced
to conductor 1309, over front contacts of relays 3-3T3,
3-FE1 and 3-CA to conductor 1313 and through resistors
13-U1 and 13-U, front contact of relay 12-ST2, to the
left winding of relay 13-D and back to conductor 1384.

The operation of relay 3-TC disconnects ground from
conductor 1333 causing relay 13-CO to release slowly,
followed by relay 13-CO1. The release of relays 13-CO
and 13-CO1 releases the selection relays of the connector
circuit in the manner previously described, leaving relay
11-CA®89 held under the control of the CAMA service
observing circuit. The circnit through the winding of
relay 10-OBS is opened, terminating the position-idle
signal to the marker and releasing relay 18-OBS.

When relay 3-TC operates, relay 4-TCO is held oper-
ated over a circuit extending from battery through the
winding of relay 4-TCO, back contact of relay 4-LO,
front contact of relay 4-TM, front contact of relay 3-TC
to ground. When relay 3-RC operates, the operating
circuit for relay 4-TCOQ is opened and when relay 4-TM
releases the holding circuit is also opened and relay
4-TCO also releases.

With relay 4-TCO released, ground is removed from
conductor 1319 releasing relay 13-MKC. With relay
4-TCO released, a circuit is also closed from battery
through the winding of relay 4-LO, back contact of relay
4-TCO, front contact of relay 3-TC to ground over a
back contact of relay 4-MR. When relay 4-TCO re-
leases, relay 3-ROP is held operated over a back contact
of relay 3-CH and conductor 301 leading to the CAMA
sender.

After the call has been accepted, causing the operation
of relay 3—CA, the trunk identifier at the service observ-
ing desk is connected and the desk circuit reverses the
connection of battery and ground to conductors 1394 and
3365. Relay 13-D operates in response to this reversal,
connecting ground to conductor 1227 to complete a cir-
cuit in the observing circuit over a back contact of relay
4-PCO, front contact of relay 3—-CA, winding of relay
4-D1 to battery supplied to conductor 1238 by the trunk
identification circuit 1230. Relay 4-D1, in operating.
locks to ground over a back contact of relay 4-PCO and
connects ground to conductor 482 to operate connector
relays in the trunk identification circuit 1239 which con-
nect the identification register relays to conductors 1240
to 1259 to set up a registration of the trunk identity. The
connector relays in turn operate relay 13-DC. Relay
13-DC disconnects conductors 1300 and 13¢1 from the
windings of relays 13-ST and 13-PB and extends them
over front contacts of relay 13-DC, conductors 1335 and
1316, front contacts of relay 3-ST3, back contacts of
relay 4-PCO, conductors 1231 and 1232 to the trunk
identification circuit 1230.

With relays 13-DC and 4-D1 operated, ground is con-
nected over a front contact of relay 3—-TC, front contact
of relay 4-D1, conductor 1228 to the winding of relay
12-ST1 to hold that relay operated while relay 13-5T
is disconnected. Relay 4-D1 also connects ground to
conductors 1217 and 1218 and connecfs conductors 1234
and 1235 together to cause the trunk identification circuit
1239 to start pulsing the trunk identification to the service
observing desk. When the trunk identification circuit
1230 has finished pulsing, it connects ground to conduc-
tor 1216, completing a circuit over a front contact of
relay 4-D1, front contact of relay 3-TC tc battery
through the winding of relay 4-PCO. Relay 4-PCO
locks to ground gver a front contact of relay 3-TC and

1231 and 1232, opening the pulsing circnit. Relay
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4-PCO also closes an auxiliary holding circuit for relay
12-ST1 extending from battery through the winding of
relay 12-ST1, conductor 1228, front contact of relay
4-PCO, conductor 1227, front contact of relay 12-ST2,
front contact of relay 13-D to ground. Relay 4-PCO
also opens the operating and locking circuits for relay
4-D1 causing that relay to release and open the circuits
above traced leading to the trunk identification circuit
1230 to permit that circuit to restore to normal. When
the trunk identification circuit 1239 is restored to normal,
relay 13-DC releases, restoring the connection of relays
13-ST and 13-DB to conductors 1309 and 1381. When
the identification is completed at the service observing
desk, the connection of battery and ground to conductors
1304 and 1305 is restored releasing relay 13-D. If, for
any reason, the trunk identification circuit 1230 fails to
complete pulsing or fails to ground conductor 1216, a
timing circuit at the desk functions, and after an interval,
restores the connection of battery and ground to con-
ductors 1304 and 1305, releasing relay 13-D. Relay
13-D released, connects ground to conductor 1237 com-
pleting a circuit over front contacts of relays 3-E1, 4-D1
and 3-TC to battery through the winding of relay 4-PCO.
Relay 4-PCO operates and performs the same functions
as above described.

It will be remembered that, when the trunk of Figs. 1
and 2 was seized, relay 1-AE operated, in turn operating
relay 2-B. With relay 2-B operated, ground is con-
nected to conductor 224 which is extended over a front
contact of relay 11-CA89, conductor 1264, back contact
of relay 3-CH, back contact of relay 3-WO to the grid
of tube 3-ET, operating relay 3-E. Relay 3-E remains
operated as long as the trunk is held, and opens the circuit
of relay 3-WO to prevent ifs operation when relay 3-CA
operates.

The CAMA sender is connected directly to the CAMA
service observing circuit by means of a relay in the sender
operated by the marker when the call is to be observed.
When the CAMA sender is attached to the trunk circuit,
conductor 306 is grounded, completing a circuit over a
back contact of relay 3—-CH, front contact of relay 3-ST3,
back contact of relay 3-WO to battery through the wind-
ing of relay 3-SA. Relay 3-SA operates in this circuit
and connects the output of tube 3—MF to conductors 1321
and 1222 which are connected over back contacts of relay
13-TRF, through the repeating coil 13-T1 to the observ-
ing trunk conductors 1302 and 1363. Tube 3-MF is of
the cathode-follower type and its grids are comnected
through condensers 3-TC and 3-RC to conductors 397 and
308 leading to the CAMA sender so that the service ob-
serving desk may receive the MF pulses of the calling
number designation from the CAMA position circuit via
the sender circuit. The service observing operator may
hear the conversation when the CAMA operator requests
the calling line number from the calling subscriber over
a circuit which may be traced from conductors 213 and
214, front contact of relay 11-CA09, conductors 1273
and 1274, back contacts of relays 3—-CH and 3-WO, con-
ductors 311 and 312, front contacts of relay 13—-CAZ2,
capacitors 13-TC and 13-RC, cathode follower circuit
13-VIT, repeating coil 13-T to the desk over conductors
1394 and 1305. Relay 3-SA also connects high potential
positive battery through resistor 3-TX, over a back con-
tact of relay 3-WO, front contact of relay 3—-ST3 to con-
ductor 1307 and over the front contact of relay 3-Fli,
back contact of relay 3-M and a front contact of relay
3-TC to conductor 1396, conductors 1306 and 1307
being extended as previously. traced to conductors 1362
and 1303 to transmit a sender-attached signal to the service
observing desk.

When a CAMA sender calls for the CAMA position, it
connects ground to conductor 303 completing a circuit
over a back contact of relay 3—CH, front contacts of
relays 3-ST3 and 3-E1, back contact of relay 3-WO to
battery through the winding of relay 3-PC. Relay 3-PC
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operates in this circuit and locks to ground over a back
contact of relay 3-WO, front contact of relay 3-E1 and
its own front contact. Thz operation of relay 3-PC
opens the circuit. of relay 3-PC1, but that relay releases
slowly to measure a time interval. When relay 3-PC1
releases, with relay 3-PC operated, a circuit is closed
from battery through the winding of relay 3-PA, back
contact of relay 3-PC3%, front contact of relay 3-PC,
back contact of relay 3-CH to conductor 3¢2. When
the position is attached, grounrd is connected to conductor
302 to operate relay 3-PA. Relay 3-PA is made slow
to operate so that, if a position is attached at the time the
sender calls for a position, there will be a slight delay
before relay 3-PA operates. When relay 3-PA operates,
it closes a circuit from ground over the front contacts
of relays 3-PA, 3-ROP and 3-SA to battery through the
winding of relay 3-PA1 operating the latter relay. :

With relay 3-PC operated, until relay 3-PC1 releases,
conductor 1309 is connected over front contacts of relays
3-8T3, 3-F1, 3-CA, 3-PC1 and 3-PC to conductor 1320
closing a temporary low resistance bridge across conduc-
tors 1304 and 1305 as a position-called signal. When
relay 3—PC1 releases, this low resistance bridge is opened
and conductor 1309 is connected with conductor 1320
over a high resistance bridge which may be traced over
the front contacts of relays 3-ST3, 3-Ei, 3-CA, con-
ductor 1311 and resistors 13-U1 and 23-U. When relay
3-PA1 operates, it closes a connection between conductors
1311 and 13290 in shunt of resistors 13-UZX and 13-U re-
establishing the low resistance bridge as a position-attached
signal,

When the operator has received the pumber of the
calling subscriber, she writes up the number on the key
set of her position causing the designation to be trans-
mitted by multifrequency pulses to the sender over con-
ductors 307 and 308 which are connected so that the
multifrequency pulses are also transmitted to the service
observing desk over conductors 1302 and 1363. Errors
in pulsing by the operator are detected and indicated by
equipment at the desk.

If the operator realizes she had made an error and
operates her reset key, ground is connected for a short
period to conductor 394 completing a circuit over a back
contact of relay 3-CH and a front contact of relay 3-PC,
to battery through the winding of relay 3-RSX. Relay
3-RSX, in operating, connects high potential positive
battery through resistor 3-RX over front contacts of re-
lays 3-RSX, 3-E1 and 3-CA to conductor 1318 com-
pleting a simplex circuit through resistor 13-U to con-
ductor 1304 and through resistor 13-U1, conductor 1311,
front contacts of relays 3-CA, 3-E1 and 3-ST3, con-
ductor 1369 to conductor 1385 as a register reset signal.

If the information received by the charging equipment is
not satisfactory, it returns a signal to the CAMA sender
to recall the operator. In response to this signal the
sender flashes the lamp at the operator’s position and
removes ground from conductor 391 permifting relay
3-ROP to release. With relay 3-ROP released, ground
is connected over a front contact of relay 3-SA and a
back contact of relay 3-ROP to conductor 1217 to start
the interrupter which forms part of the trunk identification
circuit 1230. Interrupted ground is thereupon connected
to conductor 1234 and with relay 3-ROP released, the
winding of relay 3-PA1 is disconnected from the ground
supplied by relay 3-PA and connected tc conductor 1234
so that relay 3-PAZ is operated intermittently, alternately
opening and closing the shunt around resistors 23-U1 and
13-U to flash a lamp at the service observing desk. In
response to this reorder signal, the operator will operate
the register reset key as above described.

Normally the CAMA position is released by the sender
causing the removal of ground from conductor 302, re-
leasing relays 3-PA and 3-PAl. The release of relay
3-PA1 opens the low resistance bridge across conductors
1304 and 1305 as a position-release signal.
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" If, because satisfactory information cannot be given
the accounting equipment or, if for any other reason the
operator wishes to release her position, she operates a
position-disconnect key. The operation of the position-
disconnect key removes ground from conductor 302 and
connects ground to conductor 305. Removal of ground
from conductor 302 releases relays 3-PA and 3-PAl,
while ground connected to conductor 305 operates relay
3-PD over a back contact of relay 3—-CH and a front con-
tact of relay 3-PC. Relay 3-PD operated connects high
potential positive battery to conducter 313 completing
a simplex circuit through the windings of relays 13-ST
and 13-PB to conductors 1300 and 1301 as a forced
position-disconnect signal.

When the sender has completed its required functions,
it opens cenductors 391 to 306 thereby releasing relay
3-SA. Relays 3-ROP and 3-PD, if operated, are also
released, but perform no function at this time. The re-

. lease of relay 3-SA closes a circuit from ground over a
front contact of relay 3-RC, back contact of relay MR,
back contacts of relays 3-SA and 4-TM, front contact of
relay 3-CA, conductor 1332 to battery through the wind-
ing of relay I3-TRF. Relay 13-TRF operates and con-
nects ground to conductor 1318 leading to the register and
pulsing circuit 693 causing that circuit to transmit the
called line number, registered therein by the marker, over
conductors 1302 and 1383 to the service observing desk.
With relay 3-SA released, battery is disconnected from
conductor 1398 removing the simplex signal from con-
ductors 1302 and 1393.
disconnecis tube 3-MFT from the circuit over conduc-
tors 1302 and 1303. In addition, relay 3-SA opens the
circuit of relay 3-PAX and disconnects ground from con-

ductor 1217 so that the release of relay 3-ROP will not

cause a flashing signal such as previously described.
When the register and pulsing circuit 603 has completed
its functions, it operates a relay which connects ground
to conductor 464 and over the front contact of relay
3-RC to battery through the right winding of relay
4-MR. Relay 4-MR operates in this circuit and locks
through its left winding under the control of relay 3-RC.
Relay 4-MR, in operating, releases relay 13-TRF per-
mitting the register and pulsing circuit 603 to restore to
normal. When the called subscriber answers, relay 1-8
or relay 2-T operates accerding to the termination of the
call, either relay connecting ground to conductor 221.
Ground on conductor 221 is extended over a front contact
of relay 11-CA@8 to conductor 1281 and thence to the
left grid of tube 3-MT, operating relay 3-M. Relay 3-M

opens the bridge across conductors 1362 and 1303 to °

transmit a called subscriber answer signal to the service
observing desk. Relay 3-M will follow forward super-
visory signals, including called subscriber disconnect,
until the calling subscriber disconnects.

When the calling subscriber disconnects, relay 1~AE
releases, in turn releasing relay 2-B, disconnecting
ground from conductor 224 and releasing relay 3-FE.
When relay 3-E releases, the circuit of relay 3-WO is
closed over a front contact of relay 3—CA, operating relay
3-WO. Relay 3-WO operated disconnects conductors
1273, 1274 and 1264 from the observing circuit. Relay
3-WO also opens the circuits of relays 3-SA and 3-PC to
release these relays if the czalling subscriber disconnects
before the sender is released. Relay 3-WO operated also
connects ground to the left grid of tube 3-MT, operating
relay 3-M to open the bridge across conductors 1362 and
1303 as a calling subscriber disconnect signal.

When the operator at the desk wishes to release her
position, she operates a key at the desk which reverses
the connection of battery and ground to conductors 1300
and 1301, operating relay 13-PB. Relay 13-PB, in op-
erating, opens the circuit of relay 3-PI causing that relay
to releass. Relay 3-PI, in releasing, opens the locking
circuit of relay 3-TM1 permitting that relay to release

Relay 3-SA in releasing also 3
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slowly. It also opens the circuit of relay 13-LB caus-
ing that telay to release and open the low resistance bridge
across cotiductors 1366 and 1301, as a check signal to the
desk, to complete the release of the position circuit
thereat.

When relay 3-TM1 releases, it releases relay 3—-E1 and
opens one locking circuit for relay 3-TC. Normally, the
other circuit for relay 3—TC over back contacts of relays
3-WO and 4-MR will have been opened at this time and
relay 3-TC will release. If the transmission of the called
line number has not been completed, release of relay
3-TM1 connects ground over a front contact of relay 3—
RC and a back contact of relay 4-MR to conductor 403
to operate relay 6-DP in the register and pulsing circuit
603 to stop the pulsing and connect ground to conductor
404 to operate relay 4-MR. Relay 4-MR, in operating,
opens the locking circuit of relay 3—TC to permit that re-
lay to release.

With relay 3-TC released, the circuit of relay 3-RC is
opened and that relay releases slowly. Relay 3-TC also
opens the locking circuit of relay 3—CA causing that relay
to release. In addition, relay 3~TC disconnects ground
from conductor 1150 to release the connector relay 11—
CA®0 and disconnect the trunk from the observing cir-
cuit. The release of relay 3-TC also permits relay 3-CH
to reoperate to test the observing conductors. When re-
lay 3-RC releases, relay 4-MR releases and the observ-
ing circuit returns to the awaiting-call condition.

If, due to delay at the service observing desk, a call
is not accepted, that is, relay 3-CA. is not operated before
velay 3-TM1 releases, the release of relay 3-TMI1 re-
leases relay 3-E1 and connects ground to conductor 403
to block the register and pulsing circuit 603. The register
and pulsing circuit then connects ground to conductor
404 to operate relay 4-MR. Relay 4-MR, in operating,
releases relay 3—TC and disconnects ground from conduc-
tor 403. The release of relay 3—TC starts the release of
relay 3-RC, disconnects ground from conductor 1150 to
release the operated connector relay, such as relay 11-
CA00, and reoperates relay 3-CH. Relay 3-RC, in
releasing, releases relay 4-MR.

If there is an idle position at the service observing
desk after relay 3-RC releases, relays 3-PI, 3-TM, 3-

. TM1 and 4-TCO reoperate to prepare the service observ-

ing circuit and connector circuit for a new call. - If there
is no idle position at the desk when relay 3-RC releases,
the connection of battery and ground to cenductors 1300
and 1301 will have been reversed and relay 13-PB op-
erated disconnects ground from conductor 1208 to release
relay 3-PI. Relay 3-PI, in releasing, restores the register
pulsing circuit to normal and causes relay 4-TCO to re-
lease slowly.

If a call is originated before relay 4-TCO releases,
relay 3~TC operates and holds relay 4-TCO until relay
3-TM releases. With relay 3-PI released, no seizure
signal is transmitted to the service observing desk and
the call cannot be accepted so that relay 3—CA also does
not operate. If relay 4-TCO releases before a call is
originated, the selection circuit is released. Relays 3—-TM
and 3-TM1 also release and the service cbserving circuit
waits for a service observing position to become idle.

If the marker operates relay 10-NOB to indicate that
the call is not to be observed, relay 10-NOB connects
ground to conductor 1213, operating relay 4-NB. Relay
4-NB opens the operating circuit for relay 13-LB so
that no seizure signal is sent to the service observing desk
and therefore no call-accepted signal is returned. Relay
3-TM1 releases, following the release of relay 3-TM
in response to the operation of relay 3-TC. With relay
3-TM1 released, relay 3-E1 also releases. The release of
relay 3-TM1 also restores the register and pulsing circuit
603 to normal, which in turn operates relay 4-MR to
release relay 3-TC and to restore the service observing
circuit and connector circuit.
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If, after the service observing circuit has been placed
in the awaiting-call condition with relays 4-TM, 3-TM1
and 4-TCO operated, the desk becomes busy again so
that relay 3-PI releases before a call is originated, relay
4-TCO is released to disable the selection circuit. The
release of relay 4-TCO -in turn releases relays 4-TM
and 3-TM1 after which the circuit of relay 3-PI is re-
closed to permit a new position idle signal to be received.
The signals' transmitted to the service observing desk
by the CAMA service observing circuit may be sum-
marized as follows:

Seizure: :
Low-resistance bridge on 1300—1301
High-resistance bridge aon 1304—1305
Low-resistance bridge on 1302-—1303
Sender attached:
-+130-volt simplex to 1302—1303
Sender calls CAMA position:

Momentarily changes from high-resistance bridge to

low-resistance bridge on 1304—1305

Position attached: s

Changes from high-résistance bridge to low-resistance

bridge on 1304—1305
Register reset: '
--130-volt simplex to 1364—1305 momentarily
Position disconnect key operated: i
+-130-volt simplex to 1300—1361 momentarily
© Low- to high-resistance bridge on 1304--1305
- '~+130-volt simplex removed from 1302—1303
Sender reorders position: ‘ . o
“Alternate low- and high-resistance bridge on 1304-—
1305 - : ' o
Sender and position released: . S
Low- to high-resistance bridge on 1304—1305
-+130-volt simplex removed from 1302--130
Called line answers: )
. Low- to high-resistance bridge on 1302—1303
Calling lin¢ disconnects: TR Tt
High-resistance’ bridge removed from 1302—1303
+4-130-volt off 1302—1303 : e
- 'High-resistance bridge removed from' 1304-—1305

- Test of observing conductors

If, during the time that relay 5~-CH is operated, any
of the observing conductors leading to the AMA observ-
ing circuit is falsely connected to battery or ground, relay’
5-MT operates and connects ground to conductor 1236,
completing a circuit over-a back contact of relay 12-AR
to battery through the winding of relay 12-AL. ' Relay
12-AL operates in this circuit and locks in a circuit from
battery through its winding over a back contact of relay
12-AR to ground over its own front contact.. Relay
12-AL operates an.alarm (not. shown) and opens the
circuit of relay 12-8T1 causing that relay to release and

release.relay 12-ST2. The release of relays 12-ST1-and

12-ST2 puts.the connector circuit, as well as the cbserving
circuit out of service. Relay 12-AL also connects ground
over a-front contact of relay 13-ST, front confact of
relay 12-AL to the trunk reduction circuit 1206 to hold
that circuit in its set condition. The alarm ‘may be
silenced by operating key 12-~ARK which operates relay
12-AR. Relay 12-AR opens the operating and. locking
circuits for relay 12-AL to silence the alarin ‘and con-

nects ground over a front contact of relay. 13-ST and

front contact of relay ' 12-AR to ‘the trank reduction
circnit 1206 to hold that circuit;in Jts..set . condition.

Relays 12-AL and 12-AR also supply substitute locking -

circnits for the operated one of relays 13-CA1, and
13-MAZ to maintain- the class selection. . c..=: « 7 ¢

Similiarly, if:a false:ground or battery appééfsxo‘_nwéﬁy“

of the observing circuits-leading: ‘to *the-:CAMA observ-

ing.circuit-relay 3-MT: operates 'and :connects ~ground-

to-conductor:1236 to. opetate relay 12-AR; 7 o7
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Individual service observing trunks for AMA and
CAMA observations

If there is enough AMA and CAMA traffic at a particu-
lar office to warrant it, a separate service observing trunk
and control circuit may be used for making the two
types. of observations. - Under this condition, there will
be a control circuit such as shown in Fig. 13 individual
to each of the service observing circuits, but the trunk se-
lection circuit shown in Fig. 10, the trunk identification
circnit 1230 and the register and pulsing circuit 603 will
be common to both service observing circuits. - There-
fore, means is provided to prevent both service observing
circuits attempting to use these common circuits at the
same time, preference being given the the AMA observ-

5 ing circuit. For this purpose.relay 4-1LO is provided in

the. CAMA observing circuit and relay 6-LO in the
AMA observing circuit. - .

When the AMA observing circuit is bidding for a call
with relays 6-TCO, 5-TM and 5-TMI operated, ground
is disconnected by relay 5-TM from conductor 480 to pre-
vent.the operation of relay 4-TCO in the CAMA ob-
serving circuit and thereby to prevent placing that - cir-
cuit in the awaiting-call condition. Ground is connected
over a front contact of relay 6-TCO to conductor 401
to operate relay 4-LO in the CAMA observing circuit.
When relay 5-TC operates, following the operation of
the frame select relay, a holding ground is connected
over a back contact of relay 6-MR and a front contact
of relay 5-TC to conductor 481 to hold relay 4-LO
operated. When relay 5-TM releases, following the op-
eration of relay 5-TC, ground is connected to conductor
400 but relay 4-TCO cannot operate since relay 4-LO is
still held. operated over conductor 461. When relay 6-—
TCO releases, relay 6-L.O operates from a ground connec-
ted to conductor 401 over the back contact of relay 6—
MR and front contact of relay 5-TC. Relays 4-LO and
6-LO are both held operated until relay 6-MR operates
after the called-line number has been transmitted to the
desk. If, at this time, the trunk identification has not
been completed and relay 5-PCO is not operated, relays
6-L.O and 4-LO will also be held operated over conductor
401, then grounded over a front contact of relay 5-TC,
back contact of relay 5-PCO, front contacts of relays
S-TMI and 5-RC. When relays 6-MR and 5-PCO
have both operated, ground is removed from conductor
401 and relays 4-LO and 6-LO both release, The release
of relay 6-LO partially recloses the operating circuit for
relay 6-TCO but that relay cannot operate until the AMA
service observing circuit has been released. If there is
an idle position waiting for a CAMA call, the release
of relay 4-LO permits relay 4~TM to operate and since
relay 5-TM is released at this time, relay 4-TCO also
operates to bid for a CAMA call. With relay 4-TCO
operated, ground is connected to conductor 401, operat-
ing relay 6-LO to block the AMA call observing circuit.
After a trunk has been found, ground is connected over a
back contact of relay 4-MR and a front contact of relay
3-TC to conductor 491 to hold relay 6~LO operated un-
til the called line number has been transmitted to the desk,
operating relay 4-MR, and until the trunk identification
has been transmitted. When relay 4-TCO releases these
grounds are also effective to operaté relay 4-L.O and to
hold it operated. : . '

What is claimed is: : )

1. In a telephone: system, trunk circuits, control cir-
cuits common to said trunk circuits for controiling the
establishment of connections to said trunk circuits, first
connectors for connecting said control circuits with said
trunk circuits, a service observing circuit, a second con-
nector for' connecting said service observing circuit with
said trunk circuits and ‘means responsive to the operation
of one of said first connectors to connect one of said con-
trol 'circuits with one ‘of said trunk circuits to operate
said second connéctor to ‘connect said service observing
circuit with said one trunk circuit. R
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2. In a telephone system, trunk circuits, control cir-
cuits common to said trunk circuits for controlling the
establishment of connections to said trunk circuits, first
connectors for connecting said contro! circuits with said
trunk circuits, a service observing circuit, a second con-
nector for connecting said service observing circuit with
said trunk circuits, means responsive to the operation of
one of said first connectors to connect one of said con-
trol circuits with one of said trunk circuits to operate
said second connector to connect said observing circuit
with said one trunk circuit and preference means in said
second connector responsive to the operation of a plu-
rality of said first connectors to operate said second con-
nector to connect with a preferred one of said trunk cir-
cuits.

3. In a telephone system, trunk circuits, control cir-
cuits common to said trunk circuits for controlling the
establishment of connections to said trunk circuits, frames
on which said trunk circuits are located, first connectors
individual to said frames, means in said control circuit
for selecting one of said first connectors and for selec-
tively operating said selected connector to connect said
control circuit with one of said trunk circuits, a service
observing circuit, a second connector for connecting said
service observing circuit with said trunk circuits, means
responsive to the connection of one of said control cir-
cuits with of of said trunk circuits to initiate the opera-
tion of said second connector to connect said service ob-
serving circuit with said one trunk circuit, means in said
second connector to identify the frame and trunk selected
by said control circuit and means under the control of
said identifying means to connect said service observing
equipment with said identified trunk.

4. In a telephone system, trunk circuits, control cir-
cuits common to said trunk circuits for controlling the
establishment of connections to said trunk circuits, frames
on which said trunk circuits are located, first connectors
individual to said frames, means in said control circuits
for selecting one of said first connectors and for selec-
tively operating said selected connector to connect said
control circuit with one of said trunk circuits, a service
observing circuit, a second connector for connecting said
service observing circuit with said trunk circuits, means
responsive to the connection of one of said control circuits
with one of said trunk circuits to initiate the operation of
said second connector to connect said service observing
circuit with said one trunk circuit, means in said sscond
connector to identify a plurality of selected frames, pref-
erence means for selecting one of said identified frames,
means to identify the selected trunk on said selected frame
and means to connect said service observing circuit with
said identified trunk.

5. In a telephone system, trunX circuits of a plurality
of classes, control equipment common to said trunk cir-
cuits, means for connecting said control equipment with
one of said trunk circuits to control the establishment
of a telephone connection thereover, service observing
equipment, an observing connector for connecting said
service observing equipment with said trunks, a service
observing operator’s position, a service observing trunk
connecting said service observing equipment with said
service observing operator’s position, first trunk class in-
dicating means in said service observing equipment selec-
tively operable over said observing trunk under the con-
trol of said position to indicate to said observing equip-
ment the class of trunk on which said position is pre-
pared to observe, means jointly controlled by the con-
nection of a control circuit with one of said trunks and
said first trunk class indicating means to operate said
observing connector to connect said one trunk with said
service observing equipment, second trunk class indicating
means in said control circuit operated in accordance with
the class of said one trunk circuit and means under the
joint control of said first class indicating means and
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said second class indicating means to connect said service
observing operator’s position with said one trunk circuit.

6. In a telephone system, arranged for service observ-
ing as set forth in claim 5, means normally responsive
to the operation of said observing connector to transmit
a start signal to said cbserving position to cause said
position to be connected with said one trunk circuit and
means under the control of said control equipment tc
prevent the transmission of said start signal to said ob-
serving position.

7. In a telephone system, arranged for service observ-
ing as set forth in claim 5, means normally responsive to
the operation of said observing connector to transmit a
start signal to said observing position to cause said posi-
tion to be connected with said one trunk circuit and
means under the control of said control equipment to
prevent the transmission of said start signal to said ob-
serving position and to release said observing connector.

8. In a telephone system, arranged for service observ-
ing as set forth in claim 5, means to mark said posi-
tion as busy or idle, means in said service observing
equipment to indicate whether said position is busy or
idle, means under the control of said marking means to
transmit a signal over said service observing trunk to
operate said indicating means in said service observing
equipment and means under the contro] of said indicating
means when said position is marked busy to disable said
observing connector.

9. In a telephone ssytem, trunk circuits, control cir-
cuits common to said trunk circuits, means in said control
circuits for registering telephone designations, means
under the control of said registering means for selecting
one of said trunk circuits, a service observing circuit, a
service observing operator’s position, a service observing
trunk connecting said service observing circuit with said
service observing operator’s position, means responsive
to the selection of one of said trunk circuits by said com-
mon control circuit to connect said service observing
circuit with said selected trunk circuit, a register indi-
vidual to said service observing circuit, means for con-
necting said register with said control circuit, means to
operate said register in accordance with the designation
registered in said control circuit and means individual
to said register for transmitting said designation to said
service observing operator’s position.

10. In a telephone system, trunk circuits of a plurality
of classes, control circuits common to said trunk cir-
cnits, means in said control circuits for registering tele-
phone designations, means under the control of said
registering means for selecting one of said trunk circuits,
first class indicating means operated under the control of
said registering means for indicating the class of said
selected trunk, a service observing circuit, a service ob-
serving operator’s position, a service observing trunk con-
necting said service observing circuit with said service
observing operator’s position, second class indicating
means in said service observing circuit operated by said
observing position to indicate the class of trunk on which
the position is prepared to observe, means responsive to
the selection of one of said trunk circuits by said common
control circuit to connect said service observing circuit
with said selected trunk circuit, a register individual to
said service observing circuit, means under the joint con-
trol of said first class indicating means and said second
class indicating means for connecting said register wtih
said control circuit, means to operate said register in ac-
cordance with the designation registered in said control
circuit and means individual to said register for transmit-
ting said designation to said service observing operator’s
position.

11. In a telephone system, trunk circuits of a plurality
of classes, control circuits common to said trunk circuits,
means in said control circuits for registering telephone
designations, means under the control of said registering
means for selecting one of said trunk circuits, first class
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indicating means opetated under the control of ‘said: Tegiss

tering means for indicating the class “of - said “selected
trunk, a service observmg circuit, 'a- service observing
operators position, a service observmg trunk connecting
said service observing circuit with said service observmg
operators position, second class indicating means in said
service observing circuit operated by said observing pos1-
tion to indicate the class of trunk on which the position
is prepared to observe, means responsive to the selection
of one of said trunk circuits by said common control cir-
cuit to connect said service observing circuit with said
selected trunk: circuit, a register individual to said service
observing circuit, means under the joint control of said
first class indicating means and said -second class in-
dicating means effective if said first class indicating means
and said second class indicating mieans indicate the same
class for connecting said register with said control cir-
cuit, means to operate said register in accordance with
the designation registered in said control circuit and
means individual to said register for transmitting said
designation to said service observing operator’s position.

12. In a telephone system, trunk circuits, control cir-
cuits common to said trunk circuits, means in said con-
trol circuits for registering telephone designations, means
under the control of said registering means for selecting
one of said trunk circuits, a sender, means for connect-
ing said sender with said connected trunk circuit, a service
observing circuit, a service observing operator’s position,
a service observing trunk connecting said service observ-
ing circuit with said service observing operator’s position,
means responsive to the selection of one of said trunk
circuits by said common control circuit to connect said
service observing circuit with said selected trunk circuit,
indicating means in said service observing circuit oper-
ated when said sender is connected with said trunk circuit,
a register individual to said service observing circuit,
means for connecting said register with said control cir-
cuit, means to operate said register in accordance with
the designation registered in said control circuit, means
individual to said register for transmitting said desig-
nation to said service observing operator’s position, and
means responsive to the release of said indicating means
to initiate the operation of said designation transmitting
means.

13. In a telephone system, trunk circuits of a plurality
of classes, control circuits common to said trunk circuits,
means in said control circuits for registering telephone
designations, means under the control of said registering
means for selecting one of said trunk circuits, first class
indicating means operated under the control of said regis-
tering means for indicating the class of said selected trunk,
a sender, means for connecting said sender with said con-
nected trunk circuit, a service observing circuit, a service
observing operator’s position, a service observing trunk
connecting said service observing circuit with said service
observing operator’s position, second class indicating
means in said service observing circuit operated by
said observing position to indicate the class of trunk
on which the position is prepared to observe, means
responsive to the selection of one of said trunk circuits
by said common control circuit to connect said service
observing circuit with said selected trunk circuit, indicat-
ing means in said service observing circuit operated when
said sender is connected with said trunk circuit, a register
individual to said service observing circuit, means under
the joint control of said first class indicating means and
said second class indicating means for connecting said
register with said control circuit, means to operate said
register in accordance with the designation registered in
said control circuit, means individual to said register for
transmitting said designation to said service observing op-
erator’s position, and means responsive to the release of
said indicating means to initiate the operation of said
designation transmitting means.

14, In a telephone system, trunk circuits of a plurality
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of classes, ‘contral circhits commori t6 said trunk circuits,
means in said control circuits for registering telephone
designations, means under the control of said registering
means for selecting one of said trunk circuits, first class
indicating means operated under the control of said regis-
tering means for indicating the class of said selected trunk,
a sender, means for connecting said sender with said con-
nected trunk circuit, a service observing circuit, a service
observing operator’s position, a service observing trunk
connecting said service observing circuit with said service
observing operator’s position, second class indicating
means in said service observing circuit operated by said
observing posmon to indicate the class of trunk on which
the position is prepared to observe, means responsive to
the selection ‘of one of said trunk circuits by said com-
mon- control circuit to connect said service observing
circuit with said selected trunk circuit, indicating means
in said service observing circuit operated when said
sender is comnected with said trunk circuit, a register
individual to said service observing circuit, means under
the joint control of said first class indicating means and
said second class indicating means for connecting said
register with said control circuit, means to operate said
register in accordance with the designation registered in
said control circuit, means individual to said register for
transmitting said designation to said service observing
operator’s position, and means responsive to the release
of said indicating means to initiate the operation of said
designation transmitting means.

15. In a telephone system, calling lines, trunk circuits,
control circuits common to said trunk circuits, means
in said control circuits for registering telephone desig-
nations under the control of one of said calling lines,
means under the control of said registering means for
selecting one of said trunk circuits and establishing a
telephone connection including said one calling line and
said selected trunk circuit, supervisory means in said
trunk circuit operated under the control of said calling
line, a service observing circuit, a service observing op-
erator’s position, a service observing trunk connecting
said service observing circuit with said service observing
operator’s position, means responsive to the selection
of one of said trunk circuits by said common control
circuit to connect said service observing circuit with said
selected trunk circuit, means in said service observing
circuit responsive to the operation and release of said
supervisory means to transmit corresponding signals to
said service observing operator’s position, and means re-
sponsive to the release of said supervisory means to delay
the transmission of the corresponding signal to said serv-
ice observing operator’s position.

16. In a telephone system, calling lines, trunk circuits,
control circuits common to said trunk circuits, means in
said control circuits for registering telephone designa-
tions under the control of one of said calling lines, means
under the control of said registering means for selecting
one of said trunk circuits and establishing a telephone
connection including said one calling line and said con-
nected trunk circuit, supervisory means in said trunk
circuit operated under the control of said calling line,
the release of said supervisory means by said calling line
normally effective to release said telephone connection,
a service observing circuit, a service observing operator’s
position, a service observing trunk connecting said service
observing circuit with said service observing operator’s
position, means responsive to the selection of one of said
trunk circuits by said common conirol circuit to connect
said service observing circuit with said selected trunk
circuit, means in said service observing circuit respon-
sive to the operation and release of said supervisory
means to transmit corresponding signals to said service
observing operator’s position, timing means responsive to
the release of said supervisory means, and means under
the control of said timing means to prevent the release
of said telephone connection.
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17. In a telephone system, calling lines, trunk circuits,
control circuits common to said trunk circuits, means in
said control circuits for registering telephone designa-
tions under the control of one of said calling lines, means
under the control of said registering means for selecting
one of said trunk circuits and establishing a telephone
connection including said one calling line and said con-
nected trunk circuit, supervisory means in said trunk
circuit operated under the control of said calling line,
the release of said supervisory means by said calling line
normally effective to release said telephone connection, a
service observing circuit, a service cbserving operator’s
position, a service observing trunk connecting said serv-
ice observing circuit with said service observing operator’s
position, means responsive to the selection of one of
said trunk circuits by said common control circuit to
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connect said service observing circuit with said selected
trunk circuit, means in said service observing circuit re-
sponsive to the operation and release of said supervisory
means to transmit corresponding signals to said service
observing -operator’s position, timing means responsive
to the release of said supervisory means, and means un-
der the control of said timing means to delay the trans-
mission of the corresponding signal to said service ob-
serving operator’s position and to prevent the release
of said telephone connection.
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